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Objective: To characterize family and environmental correlates of sleep patterns that may contribute to
differences in infant sleep.

Methods: We studied 313 infants in the Rise & SHINE (Sleep Health in Infancy & Early Childhood study)
cohort. Our main exposures were the parent-reported sleep environment, feeding method and sleep
parenting strategies at infant age one month. The main outcomes were nighttime sleep duration, longest
nighttime sleep and number of awakenings measured by actigraphy at age six months. We used
multivariable linear regression models to examine associations, and secondarily also explored the role of

Keywords: . . o . o . ..
A c}t’i araphy sleep-related environmental exposures in mediating previously observed associations of racial/ethnicity
Infants and parental education with infant sleep characteristics.

Results: In adjusted models, a non-dark sleep environment (versus an always dark sleep location) and
taking the baby to parent's bed when awake at night (versus no co-sleeping) were associated with 28
(95% CI, —45, —11) and 18 (95% CI, —33, —4) minutes less sleep at night, respectively. Bottle feeding at
bedtime was associated with 62 (95% CI, 21, 103) minutes additional longest nighttime sleep period.
Exploratory mediation analyses suggested a modest mediating role of a non-dark sleep environment on
racial/ethnic and educational differences in sleep duration.

Conclusions: Infant sleep duration was positively associated with a dark sleep environment and a focal
feed at bedtime while taking the baby to the parent's bed was associated with reduced infant sleep.
Modifying the sleep environment and practices may improve infant sleep and reduce sleep health
disparities.

Sleep strategies

© 2022 Elsevier B.V. All rights reserved.

1. Introduction

There is large inter-individual differences in infant sleep
development, the sources of which are poorly understood. Care-
givers perceptions of their infant's short sleep or frequent awak-
enings can be causes of concern [1,2]. In addition, good sleep can
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promote behavioral outcomes, neurocognition and healthy body
weight [3—6]. Infant sleep problems are a major source of stress to
parents and a significant predictor of maternal depression [6,7].
Parents often try different strategies to improve their children's
sleep, gleaning information from sources including parenting
books, websites, social media and advice from family and friends.
Nonetheless, few of them are evidence-based or specifically
address sleep across diverse population groups. To equip clinicians
and parents as well as researchers with adequate knowledge about
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infant sleep development, it is crucial to understand what to expect
from infant sleep under different circumstances.

Few studies, however, have investigated the risk and protective
factors of sleep outcomes (eg adequate sleep quantity and quality of
sleep) in infants using objective sleep measurements and the re-
sults are controversial [1]. Dias et al. recently conducted a sys-
tematic review on associated infant, parental and environmental
factors with infant-sleep wake behaviors during the first 12 months
of life. The authors pointed out a number of methodological
problems in the literature, including the grouping of different ages,
exclusive use of parent-report, the use of different definitions of
sleep-wake variables and inadequate discussion of potential con-
founding variables [9].

Our group recently reported findings demonstrating racial/
ethnic differences in sleep emerge between one month and six
months, with reduced sleep durations in Hispanic/Latinx and Black
infants compared to whites [10—12]. These differences may be due
to the disproportion of social disadvantage experienced by mem-
bers of racial/ethnic minorities, as well as potential differences in
cultural practices related to sleep [13].

A significant racial/ethnic difference in sleep practices is a
higher co-sleeping rate in African-Americans and Asian families
[14,15]. Moreover, children from historically disadvantaged groups
often experience a suboptimal sleep environment (eg too noisy or
too bright) — both of which can disturb sleep [16].

The primary objective of our study was to examine multilevel —
environmental and family — characteristics and strategies at infant
age one month associated with infant sleep duration and continuity
five months later. Second, we explored the extent to which envi-
ronmental- and family-level characteristics were mediators of
previously identified racial/ethnic and sociodemographic differ-
ences in sleep duration and continuity in early life. We hypothe-
sized that a suboptimal sleep environment and active physical
comforting (eg bed-sharing and rocking) at one month would in-
fluence infant sleep development and be associated with shorter
nighttime sleep and more sleep disruptions at six months, whereas
strategies encouraging the infant's autonomy (eg low parental
involvement at bedtime) would be associated with the develop-
ment and maintenance of longer and more consolidated night time
sleep [17,18]. In addition, we hypothesized that racial/ethnic dis-
parities seen in sleep outcomes would be partially mediated by
differences in parental bedtime involvement and environmental
factors.

2. Material and methods
2.1. Participants

Study subjects were participants in Rise & SHINE (Sleep Health
in Infancy & Early Childhood), a prospective cohort study that
recruited mother-infant dyads at birth from the newborn unit of
Massachusetts General Hospital in Boston, MA, USA. The overall
goals of the study are to examine associations between sleep pat-
terns and growth in early life. Full-term singletons with no genetic
or congenital abnormalities and their biological mothers without
diagnosed chronic medical or mental conditions were eligible to
participate in this study. Other eligibility criteria included mother's
fluency in English or Spanish, mother's age of at least 18 years old,
and the family living within 40 miles without plans to move from
the area within the study period.

Signed informed consent was obtained from all the participating
families during enrollment. After obtaining informed consent, we
performed in-person visits at one month and six months to obtain
infant actigraphy and parental surveys. The study was approved by
Mass General Brigham Office of Research.
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We approached 1459 eligible mother-infant dyads, 433 of whom
agreed to participate. Of these, 313 completed surveys for sleep
strategies at one month and had valid sleep data (>3 nights of
actigraphy) at a 6-months visit. Demographic information was
collected at enrollment from mothers. Compared to the non-
participants, the analytic sample (N = 313) included a higher per-
centage of White and Asian infants, a lower percentage of African
American and Hispanic infants, and a higher percentage of infants
with college-educated mothers.

2.2. Measurements

2.2.1. Exposures

At one month, we surveyed parents for their infant's sleep
environment and sleep-related parenting practices. We used
questions from validated questionnaires to collect these data,
including three questions on sleep environment (light, noise, and
TV in bedroom), two questions on feeding methods (feeding mode
and feeding practices to sleep) [19] and four questions on sleep-
related parenting strategies during sleep initiation and awaken-
ings: soothing technique at sleep (feeding, being rocked/held, or in
bed or crib alone/near parent) [20], bed-sharing [21], taking the
infant to parent bed [22], need of a special object [23], and strate-
gies for putting baby back to sleep (nursing, picking up, using a
pacifier, patting, checking in without touching, or letting infant fall
back asleep) [20] (Table S1).

2.2.2. Outcomes

Our main outcomes at 6-months were measures of 1) sleep
quantity assessed by infant actigraphy: a) total night sleep duration,
and b) longest nighttime sleep period; and 2) sleep fragmentation:
number of nighttime awakenings. At the 6-months home visits, the
coordinators instructed mothers how to use an actigraph and
complete a paper-based, 24-h, 7-day sleep diary [24]. In the sleep
diary, parents recorded sleep periods, wake, sleep in motion (eg
asleep in the stroller) and actigraph “off” periods, providing an-
notations using a time-line shown as 5-min intervals for the period
overlapping the actigraphy monitoring.

A Philips Actiwatch 2 (Philips Healthcare, Andover, MD, USA)
was placed on the infants’ left ankle for seven continuous days after
the home visit. Data were recorded in 30-sec epochs at a sampling
rate of 32 Hz, and analyzed at the low activity threshold settings of
80 counts for wake detection [25]. A trained research assistant,
blinded to other clinical data, identified rest and active intervals
using caregiver-completed sleep diary and observation of a sharp
decrease/increase of activity. Sleep and active intervals were then
determined using the commercially available algorithms for Acti-
watch 2, Respironics Actiware 6 (Version 6.0.9, Philips/Respironics)
scoring algorithm. Please see Yu et al. and Quante et al. for a
detailed protocol of our actigraphy scoring and description of
derived sleep measures [11,26].

Sleep intervals were determined by the combination of infor-
mation from the diary and the activity pattern on the actigraph
[27]. The night and day sleep intervals were defined as between
7:00 pm - 7:59 am and 8:00 am - 6:59 pm, respectively, reflecting
the cutoffs in the sleep questionnaire we used for nighttime and
daytime sleep periods. Our main outcomes included 1) sleep
quantity: a) night sleep duration (sum of all sleep epochs within
the rest intervals that at least partially overlapped the hours be-
tween 07:00 pm and 07:59 am) and b) longest nighttime sleep
(sum of sleep epochs within the rest interval with the most
consecutive sleep epochs during the nighttime); and 2) fragmen-
tation: nighttime awakenings, the number of episodes of wake-
fulness showing a sharp increase of activity for longer than 5 min
between intervals of nighttime sleep. A detailed description of the
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sleep variables can be found here [11,26]. Average values were
calculated across measurement days. Six months actigraphy data
lost due to technical failure, parent non-adherence or artifacts was
2% (eight out of 323 records). In the analytical sample, the average
number of valid nights with six months actigraphy data was 7.3
(SD 1.2).

2.2.3. Covariates

Sociodemographic and other individual-level covariates were
collected via a combination of maternal report and electronic
health record abstraction at enrollment. Infant sex, gestational age
at delivery, and birthweight were abstracted from infants' elec-
tronic health records, while maternal age and parity were
abstracted from mothers' electronic health records. Mothers self-
reported their infant's race and ethnicity, their own race and
ethnicity, their highest level of education and their annual house-
hold income. In addition, marital status was self-reported from
mothers during the one-month study visit.

2.3. Statistical analysis

We first examined unadjusted associations between infant sleep
patterns at six months and aspects of the sleep environment, sleep
strategies and infant feeding practices at one month. We then fit
separate multiple linear regression models for each exposure-
outcome pair, adjusted for potential confounders. Confounders
were selected on the basis of prior literature reports and included
maternal age, education, household income, infant race/ethnicity,
and gestational age [28]. We checked the variance of inflation
factors and found no strong multi-collinearity.

We conducted an exploratory analysis to examine the potential
mediating roles of sleep strategies and environment in observed
sleep disparities. Outcomes were average nighttime total sleep and
longest sleep; exposures were race/ethnicity (white, Asian, Black/
Hispanic), household income (<$80k, $80-199k, >$200k) and
maternal education (less than bachelor's, bachelor's, graduate);
potential mediators included: pacifier use, baby held while fell
asleep, sharing a bed, baby put to bed with bottle, baby sleep in
dark, take baby to parent bed. We combined data from Black and
Hispanic infants due to the small sample size of Black infants. We
further adjusted for infant age, infant weight at one month of age,
sex and mother's average sleep on weekdays. For each outcome-
exposure-mediator triplet, we adopted the mediation framework
of Vander Weele and Robinson to estimate the direct disparity (DD)
and mediated disparity (MD) in sleep outcome [29]. We conducted
complete-case analyses only. We report bootstrap confidence in-
tervals and p-values for tests of no mediated disparity (across all
exposure levels).

3. Results

Characteristics of the maternal, infant and household character-
istics by tertiles of average nightly sleep duration are shown inTable 1.
Infants had a mean (SD) age of 6.4 (0.6) months at the 6-months visit
and a little over the half of infants were female. In our sample, 42% of
the infants were Non-Hispanic White, 7% Non-Hispanic Black, 34%
Hispanic, and 17% Asian. Over half of the parents had a college degree
and 61% of infants lived in a household with an income of greater than
$80,000 per year. At 6 months, the average nightly sleep duration
measured by actigraphy was 8.8 (1.1) hours and the longest sleep
period at night was 460 (100) minutes. Infants had on average 1.1 (1.1)
nocturnal awake periods (see Table 1).

In multivariable analyses adjusted for maternal age, education,
income, infant race/ethnicity, and gestational age, infants who
never or only sometimes had a dark sleeping location at age one

33

Sleep Medicine 94 (2022) 31-37

month slept 28 (95% CI, —45, —11) minutes less at night, and their
longest nocturnal sleep period was 39 (95% CI, —65, —13) minutes
shorter compared to infants who always had a dark room at night.
“Taking the baby to parent bed when being awake at night” was
associated with 18 (95% CI, —33, —4) minutes shorter average
nighttime sleep and 25 (95% CI, —48, —3) minutes shorter longest
sleep period. Unexpectedly, infants who were formula or mixed fed
had 35 (95% Cl, —68, —3) minutes and 18 (95% CI, —35, —1) minutes
shorter nighttime sleep compared to exclusive breast feeding.
Mixed feeding was also associated with more nighttime awaken-
ings and 34 (95% CI, —59, —8) minutes shorter longest sleep pe-
riods. On the other hand, feeding a bottle of formula or breast milk
at bedtime was associated with a more than 62 (95% CI, 21, 103)
minutes longer longest sleep period. Infant “need of a special ob-
ject” was associated with a 48 (95% CI, —93, —4) minutes decrease
in nightly sleep duration, whereas infants whose parents followed a
strategy of checking without touching had 15 (95% CI, 1, 30) mi-
nutes longer nightly sleep duration. Infants who had a television in
their bedroom had more nighttime awakenings [0.3 (95% CI, 0.0,
0.6)] (Table 2).

The results of the exploratory mediation analyses showed that
both sleep strategies and sleep environment characteristics
partially mediated observed racial/ethnic and educational differ-
ences in sleep outcomes previously observed in this cohort. For
example, a non-dark sleep location partly mediated associations of
shorter longest nighttime sleep duration with Asian, Black/Hispanic
infants and for infants whose mothers were not college graduates
(see Tables 3 and 4). For example, 11 min (95% CI: —21, —3) of
shorter longest nighttime sleep in Black/Hispanic infants could be
attributed to non-dark sleep environment in Black/Hispanic infant
(p = 0.03).

4. Discussion

In this study of 313 infants followed from birth to six months, we
found that a non-dark sleep environment and taking the infant to
parent's bed during night awakenings were associated with less
infant sleep at night, while checking on the baby without touching
was associated with longer and more continuous sleep. Bottle
feeding (formula or breast milk) at bedtime was associated with
more continuous sleep, whereas exclusive breast feeding was
favorable for both sleep quantity and quality (fewer awakenings).

These results suggest that both bedtime strategies as well as the
sleep environment—both of which are modifiable—may signifi-
cantly influence infant nocturnal sleep. Specifically, we found that a
non-dark sleep environment was associated with about half an
hour less nighttime sleep and about 40 min shorter longest sleep
period in 6-months-old infants, measured by actigraphy. Taking a
waking baby to the parent's bed at night was associated with about
20 min shorter nighttime sleep, whereas use of bottle feeding at
bedtime resulted in an additional hour of the longest sleep episode.
The study identifies the potential negative effects of sleeping in a
non-dark environment, which is consistent with the known role of
light as the primary extrinsic synchronizing cue for our circadian
system [30]. Notably, the first weeks of life are a formative period
for the infant circadian system [31,32]. Additionally, light has acute
alerting effects and suppresses melatonin, especially in children
[33,34]. These findings are consistent with a study from Japan of
1302 1-month-old infants and mothers dyads demonstrating that
infant nighttime sleep duration was shorter in infants with irreg-
ular light-off times [35]. Animal studies also indicate that constant
light disrupts the biological clock development, resulting in less
consolidated and more fragmented sleep phases [36]. A non-dark
sleep environment may also be an indicator of other suboptimal
sleep conditions. A prospective study of 1226 mother-infant pairs in
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Maternal, infant, and household characteristics in the first 6 months according to actigraphy-measured terciles of average night time sleep duration. Data from 313 Participants

in the Rise & SHINE study.

Characteristic Overall Tercile 1 Tercile 2 Tercile 3
N =313 (<510 min) (> 510 and < 557 min) (>557 min)
N =104 N =105 N =104
Parental and Household Characteristics Mean (SD) or N (%)
Maternal age (years) at enrollment 32.8 (4.9) 31.6 (5.5) 32.9 (4.8) 33.8 (4.1)
Parity at enrollment
>1 193 (61.7) 66 (63.5) 68 (64.8) 59 (56.7)
0 120 (38.3) 38 (36.5) 37 (35.2) 45 (43.3)
Marital status (n = 4 missing)
Married or cohabitating 220(71.2) 65 (63.7) 73 (70.9) 82 (78.8)
Other 89 (28.8) 37 (36.3) 30(29.1) 22 (21.2)
Maternal Education
>College graduate 230 (73.5) 65 (62.5) 76 (72.4) 89 (85.6)
<College graduate 83 (26.5) 39 (37.5) 29 (27.6) 15 (144)
Household Income
Less than $80,000 per year 114 (36.4) 50 (48.1) 46 (43.8) 18 (17.3)
$80,000 - $199,000 per year 106 (33.9) 32(30.8) 29 (27.6) 45 (43.3)
$200,000 per year or more 85 (27.2) 20(19.2) 27 (25.7) 38 (36.5)
Don't know/missing 8(2.6) 2(1.9) 3(29) 3(29)
Race/ethnicity (n = 3 missing)
White 145 (46.8) 35 (34.0) 41 (39.8) 69 (66.3)
Black 18 (5.8) 5(4.9) 11 (10.7) 2(1.9)
Asian 48 (15.5) 21 (20.4) 16 (15.5) 11 (10.6)
Hispanic 99 (31.9) 42 (40.8) 35 (34.0) 22 (21.1)
Infant Characteristics
Infant age at 6-months visit (yrs) 0.5 (0.1) 0.5 (0.1) 0.5 (0.1) 0.5 (0.1)
Gestational age at delivery (wk) 39.5(1.0) 39.3(1.1) 39.6 (1.0) 39.7 (1.0)
Birth weight for gestational age z-score -0.2 (0.9) -0.3(0.9) -0.3(0.9) -0.2(0.8)
Female 159 (50.8) 56 (53.8) 52 (49.5) 51 (49.0)
Race/ethnicity
Non-Hispanic White 131 (41.9) 29 (27.9) 40 (38.1) 62 (59.6)
Non-Hispanic Black 23 (7.3) 7(6.7) 13 (124) 3(29)
Non-Hispanic Asian 54 (17.3) 24 (23.1) 17 (16.2) 13 (12.5)
Hispanic 105 (33.5) 44 (42.3) 35(33.3) 26 (25.0)
Actigraphy Sleep Measures at 6 Months
Nighttime Sleep Duration (mins/night) 526.0 (66.8) 454.7 (59.4) 533.3(12.3) 590.0 (22.2)
Number of nighttime awakenings 1.1(1.1) 1.5(1.2) 1.1(1.1) 0.8 (0.8)
Longest night sleep (mins) 459.8 (99.9) 369.7 (81.4) 470.9 (62.6) 538.6 (70.9)

the Project Viva birth cohort found that infants who lived in more
urbanized neighborhoods had 20 min short sleep duration. The
authors proposed that the exposure to light, noise, air pollution and
higher temperature underlies the relationship between urbanicity
and sleep duration [37]. Indeed, we found modest evidence of
mediation by non-dark sleep environment in sleep health dispar-
ities. Here, introducing light-blocking window shades and elimi-
nating blue light emitting electronics might be effective
intervention strategies for a more consolidated sleep.

The American Academy of Pediatrics recommends room-
sharing but not bed-sharing in order to reduce the risk of sudden
unexpected infant death [38]. Nevertheless, about 60% of our study
participants reported bed-sharing for at least one night per week.
In our study, bed-sharing was associated with 20 min shorter
nighttime sleep documented by actigraphy. This is in line with
previous reports using parent reports of infant sleep (rather than
actigraphy) in co-sleeping infants [39,40]. For example, Mindell
et al. reported on data from an app-based parental survey of infant
sleep for more than 10,000 infants aged 6—12 months from six
different countries. Parents reported better sleep outcomes (earlier
bedtimes, shorter time to fall asleep, longer and more consolidated
sleep) for infants sleeping in a separate room compared to infants
who room- or bed-share [41]. On the other hand, a longitudinal
Israeli study of 153 families, using both objective and subjective
measures of sleep demonstrated no significant differences in
objective sleep measures between bed-sharing and solitary
sleeping infants at ages three and six months. Of note, bed-sharing
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mothers in the Israeli study reported more infant awakenings than
mothers in the solitary sleeping group [42].

The shorter night sleep duration seen in bed-sharing infants
might be explained by the fact that mothers who choose bed-
sharing in response to their infant's sleep problems may be
responding to infants who have more problems sleeping—ie,
bringing the baby to the parent's bed is an effect rather than a cause
of the infant's shorter sleep. Alternatively, bed-sharing may reduce
the infant's abilities to self-soothe.

In contradiction to bed-sharing, checking on the baby after
awakening at night without touching was associated with 15 min
additional nighttime sleep duration and a 27 min period of longest
night sleep. This strategy belongs to the extinction-based behav-
ioral interventions that aim to condition the infant to fall asleep in
the absence of bodily contact. A cluster randomized clinical trial
with behavioral interventions based on extinction compared to
usual care for infants with sleeping problems (ages eight to 10
months, N = 328) found fewer sleeping problems in the interven-
tion group two to four months later [43]. However, differences
between groups were no longer present at the five-year-follow-up
study [44]. While extinction strategies demonstrate positive short-
term effects, many families have difficulties incorporating them
into long-term sleep habits [45].

The introduction of objects such as a blanket or doll are popular
strategies for parents to help their infants feel safe without parent's
presence, although they are a known risk factor for sudden unex-
pected infant death [38]. In our study, the need of a special object
was associated with 48 min less nighttime sleep duration. Again, it



M. Quante, G.W. McGee, X. Yu et al.

Table 2

Sleep Medicine 94 (2022) 31-37

Multivariable Linear Regression Models for Sleep Patterns at 6 Months. Data from 313 Participants in Rise & SHINE. Adjusted for maternal age, education, household income,

infant race/ethnicity, and gestational age.

Characteristic

Nighttime Sleep Duration (Minutes)

Number of Nighttime Awakenings

Longest Night Sleep (Minutes)

B (95% CI)

Sleep Environment at 1 Month
Dark room at night
Never/Sometimes
Always
Quiet room at night
Never/Sometimes
Always

Television in bedroom where child sleeps

Yes
No
Sleep Strategies at 1 Month
Bedsharing
> 1 night per week
Never
Taking baby to parent bed
> 1 night per week
Never
Special object
> 1 night per week
Never
Strategies to put baby back to sleep
Nurse baby
Yes
No
Pick up baby
Yes
No
Pacifier
Yes
No
Pat gently
Yes
No
Check in but not touch
Yes
No
Let baby fall back asleep
Yes
No
Infant Feeding Practices at 1 Month
Feeding practice at 1 month
Mixed feeding
Formula feeding
Exclusive breast feeding

—28.0 (—44.7, —11.2)
Ref

~4.0(-222,143)
Ref

—2.7(-18.0, 12.6)
Ref

~14.2 (-30.1,1.7)
Ref

—18.2 (—32.8, —3.6)
Ref

—48.1 (—92.8, —3.5)
Ref

21.7 (-31.7,75.1)
Ref

7.9 (-9.2,25.0)
Ref

2.0 (~13.5,17.5)
Ref

1.2(-13.0, 15.5)
Ref

15.3 (0.9, 29.7)
Ref

~8.6(-27.0,9.8)
Ref

—17.6 (—34.5, —0.7)
—35.4(—67.8, —3.1)
Ref

Baby put to bed with a bottle of formula, breast milk, etc.

Only occasionally at bedtimes

At most naps

At most night bedtimes

At most bedtimes, including naps
Never

3.8 (-21.7,29.3)
17.4 (=239, 58.7)
8.9 (-184,36.2)
12.9 (—8.5,34.2)
Ref

0.1 (-0.2,04) —389 (—64.5, —13.2)
Ref Ref

0.1 (-0.2,04) —27.2(-54.9,0.6)
Ref Ref

0.3 (0.04, 0.6) -16.9 (—40.2, 6.4)
Ref Ref

-0.1(-04,02) —23.9(-48.1,04)
Ref Ref

0.1(-0.1,0.4) —25.2 (—47.5, —2.8)
Ref Ref

0.1(-0.7,0.8) -50.6 (—-119.0, 17.9)
Ref Ref

0.2(-0.7,1.1) —13.8 (-95.4, 67.9)
Ref Ref

0.01 (-0.3,0.3) 20.2 (-5.8,46.3)
Ref Ref

0.1(-0.2,0.3) -84 (-32.0,15.2)
Ref Ref

0.1 (-0.2,0.3) -04 (-22.1,21.4)
Ref Ref

—0.03 (-0.3,0.2) 26.7 (4.7, 48.7)

Ref Ref

-0.1(-04,0.2) 3.5(-24.7,31.7)
Ref Ref

0.4 (0.1,0.7) —33.5(—59.2, —7.8)
0.1 (-0.5, 0.6) —249(-74.0,24.1)
Ref Ref

-0.1(-0.5,0.3) 32.2(-6.2,70.7)
-0.5(-1.2,02) 61.8 (—0.4, 124.0)
—0.6 (—1.0,-0.1) 62.0 (20.9, 103.1)
-0.2(-0.5.0.2) 42.5 (104, 74.6)

Ref Ref

is possible that the special object is not the sleep disturber but
rather its use reflects parental response to their infant's sleep
problem. However, given the prevalence of use of nighttime ob-
jects, further research should address whether their use attenuates
self-soothing or otherwise disturbs infant sleep.

Many infants are fed just prior to sleep. The belief is that this
practice will reduce awakenings due to hunger. In our study,
bedtime feeding was associated with 63 min longer sleep. The
literature is inconclusive with regard to this finding. A recent French
study including 11,783 infants aged 1 year old found that feeding to
fall asleep was more prevalent in infants with short sleep duration,
sleep onset difficulties and frequent night awakenings [46]. In a
small study of 26 parents and their infants, a focal feed between 10
pm and 12 am helped infants to sleep through the night along with
other strategies like re-swaddling and diapering [47]. Interestingly,
feeding -specifically to help fall asleep-had no effect on sleep
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outcomes in our study. Overall, it seems that a scheduled bedtime
feed helps infants sustain longer sleep episodes, whereas we have
no evidence that feeding back to sleep is a useful sleep strategy.
Notably, exclusive breastfeeding was associated with longer night-
time sleep duration and also more consolidated sleep in our study.
These results are in contrast with previous findings showing that
breastfed infants awaken more times during the night at six months
and have shorter nighttime sleep periods [48—50]. However, pre-
vious studies almost exclusively relied on self-reported data, with
potential biased reporting associated with over-estimation of infant
sleep duration reported by formula-feeding mothers [51].

The strength of our study includes its prospective study design
and relatively large sample size, the use of objective sleep measures
by actigraphy and the assessment of various associated factors with
infant sleep-wake behavior. However, some study limitations need
to be recognized. We analyzed information on exposures and
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Table 3
Mediation analysis of nighttime sleep duration. Adjusted for infant sex, age weight.

Sleep Medicine 94 (2022) 31-37

Sleep strategy - Mediator Exposure — Sociodemographic Characteristics Mediated Disparity (95% CI) p-value Direct Disparity (95% CI)
Dark room at night Asian -5(-13; 0) 0.05 —24 (—44; -3)
Black/Hispanic -7 (-15; -1) —32 (-50; —15)
Bedsharing Asian 2(-5;9) 0.05 —31(-49; -12)
Black/Hispanic —-12(-22; -3) —27 (—46; —10)
Taking baby to parent bed Asian —-1(-7;4) 0.07 —28 (—46; —10)
Black/Hispanic -8 (~15; -2) —32(-47; -16)
Baby put to bed with a bottle Asian 0(-3;3) 0.93 —29 (-48; -10)
of formula, breast milk, etc. Black/Hispanic 1(-3;6) —40 (-58; -23)
Dark room at night $200,000 per year or more 7 (-5; 24) 0.24 40 (14; 63)
$80,000 - $199,000 per year 4(0,10) 27 (8; 47)
Bedsharing $200,000 per year or more 2(-9; 14) 0.07 45 (23; 66)
$80,000 - $199,000 per year 19 (4; 36) 12 (—14; 40)
Taking baby to parent bed $200,000 per year or more 0(-7;7) 0.08 47 (27; 66)
$80,000 - $199,000 per year 10 (2; 19) 21(-1;43)
Baby put to bed with a bottle $200,000 per year or more —-1(-5;3) 0.56 48 (29; 67)
of formula, breast milk, etc. $80,000 - $199,000 per year -2(-6;1) 33 (15; 53)
Dark room at night > College graduate 6(2;12) 0.02 31 (13; 50)
Bedsharing > College graduate 8(0;17) 0.07 29 (8; 50)
Taking baby to parent bed > College graduate 5(-1;11) 0.12 32 (12;52)
Baby put to bed with a bottle > College graduate -2(-6;1) 0.24 39 (21; 57)

of formula, breast milk, etc.

“White”, “Less than $80,000” and “Less than college graduate” are the referent groups for race, income and education analyses. DD = direct disparity and MD = mediated

disparity.

Table 4
Mediation analysis of average longest sleep. Adjusted for infant sex, age weight.

Sleep strategy - Mediator Exposure — Sociodemographic Characteristics MD (95% CI) p-value DD (95% CI)
Dark room at night Asian -7(-19; 1) 0.03 —-33(-71; 4)
Black/Hispanic —11(-21; -3) —28 (-50; -3)
Bedsharing Asian 5(-3;18) 0.05 —46 (-85; -9)
Black/Hispanic -16 (-29; -3) —23(-48; 3)
Taking baby to parent bed Asian 1(-8;11) 0.04 —41 (-79; -5)
Black/Hispanic —-12 (—-21; —4) —27 (-50; —-4)
Baby put to bed with a bottle of formula, breast milk, etc. Asian 1(-5;10) 0.93 —42 (-78; -7)
Black/Hispanic -1(-6; 4) —38 (-62; —-13)
Dark room at night $200,000 per year or more 10 (-5; 27) 0.17 53 (22; 82)
$80,000 - $199,000 per year 7 (0, 18) 35(9; 63)
Bedsharing $200,000 per year or more 7 (—9; 25) 0.20 55 (25; 87)
$80,000 - $199,000 per year 13 (-3; 31) 28 (0; 59)
Taking baby to parent bed $200,000 per year or more 6(—4; 19) 0.08 56 (27; 86)
$80,000 - $199,000 per year 12 (2; 25) 30 (2; 58)
Baby put to bed with a bottle of formula, breast milk, etc. $200,000 per year or more -1(-9; 4) 0.52 64 (36; 92)
$80,000 - $199,000 per year -3(-10; 1) 45 (19; 72)
Dark room at night > College graduate 10 (3; 19) 0.02 31(7;57)
Bedsharing > College graduate 10(-1;21) 0.09 31(6; 57)
Taking baby to parent bed > College graduate 7 (-1;15) 0.11 34 (10; 60)
Baby put to bed with a bottle of formula, breast milk, etc. > College graduate -5(-12; 1) 0.09 45 (22; 70)

“White”, “Less than $80,000” and “Less than college graduate” are the referent groups for race/ethnicity, income and education analyses. DD = direct disparity and

MD = mediated disparity.

outcomes at only one time point each, namely during the 1-month
and 6-months study visit, respectively. Some associations may
reflect confounders or reverse causal associations. The mediation
analyses were conducted for exploratory purposes only due to
limited power to estimate both direct and mediated disparities for
every outcome-exposure-mediator triplet. However, they suggest
several factors associated with the sleep environment (particularly
a dark sleep environment) that can be further addressed in future
sleep disparity research.

Conclusion

In summary, we found that both the sleep environment (eg, dark
room at night) and parental bedtime strategies (eg, taking the baby
to parent bed and bedtime feeding) were associated with infant
sleep duration. A non-dark sleep location partly mediated associa-
tions of shorter longest nighttime sleep duration with racial/ethnic
and racial/ethnic disparities. These factors are changeable and may
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be influenced by resources, stress etc. especially in the context of
disparities and can be introduced to intervention programs.
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