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A B S T R A C T

Objective: Investigate racial and ethnic differences in infant sleep and examine associations with insurance
status and parent-infant bedtime behavioral factors (PIBBF).
Methods: Participants are part of the COVID-19 Mother Baby Outcomes (COMBO) Initiative, Columbia University. Data on infant sleep (night, day and overall sleep duration, night awakenings, latency, infant’s sleep as a
problem) were collected at 4 months postpartum. Regressions estimated associations between race/ethnicity, insurance status, PIBBF and infants’ sleep.
Results: A total of 296 infants were eligible (34.4% non-Hispanic White [NHW], 10.1% Black/African American
[B/AA], 55.4% Hispanic). B/AA and Hispanic mothers were more likely to have Medicaid, bed/room-share, and
report later infant bedtime compared to NHW mothers. Infants of B/AA mothers had longer sleep latency
compared to NHW. Infants of Hispanic mothers slept less at night (»70 § 12 minutes) and more during the
day (»41 § 12 minutes) and Hispanic mothers were less likely to consider infants’ sleep as a problem compared to NHW (odds ratio 0.4; 95% conﬁdence interval: 0.2-0.7). After adjustment for insurance status and
PIBBF, differences by race/ethnicity for night and day sleep duration and perception of infant’s sleep as a
problem persisted (»32 § 14 minutes, 35 § 15 minutes, and odds ratio 0.4; 95% conﬁdence interval: 0.2-0.8
respectively). Later bedtime was associated with less sleep at night (»21 § 4 minutes) and overall (»17 § 5
minutes), and longer latency. Infants who did not fall asleep independently had longer sleep latency, and cosleeping infants had more night awakenings.
Conclusions: Results show racial/ethnic differences in sleep in 4-month-old infants across sleep domains. The
ﬁndings of our study suggest that PIBBF have an essential role in healthy infant sleep, but they may not be
equitably experienced across racial/ethnic groups.
© 2022 National Sleep Foundation. Published by Elsevier Inc. All rights reserved.

Introduction

*Corresponding author: Maristella Lucchini, PhD, Division of Developmental Neuroscience, Department of Psychiatry, Columbia University Irving Medical Center, Pardes
Rm 4932, 1051 Riverside Drive, New York, NY 10032.
**Corresponding author: Dani Dumitriu, MD, PhD, Pardes Rm 4932, 1051 Riverside
Drive, New York, NY 10032.
E-mail
addresses:
ml3551@cumc.columbia.edu
(M.
Lucchini),
dani.
dumitriu@columbia.edu (D. Dumitriu).
https://doi.org/10.1016/j.sleh.2022.06.010
2352-7218/© 2022 National Sleep Foundation. Published by Elsevier Inc. All rights reserved.

Sleep health is an essential component of general health and is
associated with numerous mental and physical health outcomes in
the general population.1 Increasing evidence indicates that we are in
the middle of a sleep crisis, with approximately 70 million American
adults who suffer from chronic sleep loss and sleep disorders.2 This
crisis also applies to children such that the average child sleep duration has decreased over the last century, with children sleeping »1
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minute less per year, on average, since 1905,3 and less than half of
youth meeting the guideline of 8-10 hours of sleep per night.4,5 Additionally, the burden of poor sleep health is not experienced equally
across the US population. Adults from racial/ethnic minority backgrounds have been found to experience worse sleep health compared
to White adults.6 Similar disparities have been reported among children. Recent systematic reviews have shown that non-Hispanic
White (NHW) children are more likely to get the recommended
amount of sleep, go to bed earlier, and have more regular sleep
schedules compared to children from racially and ethnically minoritized communities.7-9
The emergence of sleep disparities has been observed as early
as during infancy.10-12 For the infant, the early postnatal period is
characterized by rapid development of sleep and wake patterns,
marking a major neurobiological milestone. When infants are
born, their circadian rhythm is not yet established, and thus
sleep-wake patterns are evenly distributed during the 24-hour
period. Around 3 months of life, the circadian rhythm begins to
establish, and infants gradually spend more time asleep during
the night. In the ﬁrst 6 months of life there is also a decline in
total sleep duration (0-2 months mean sleep duration = 14.6
hours [9.3-20.0], 6 months mean sleep duration = 12.9 [9.415.8]).13 As sleep consolidates during the night, night awakenings
are still normal in the ﬁrst 6 months of life, often driven by frequent feedings.14 While in the ﬁrst year of life a certain degree of
heterogeneity in infant sleep duration and frequency of night
awakenings is expected, sleep problems have been reported in up
to 10%-15% of infants15-17 and are a source of concern for both
parents and pediatricians. Such sleep problems have been
reported to negatively affect physical, cognitive, and socioemotional neurodevelopment.18,19 In addition to the direct adverse
impact of poor sleep on infants and young children, several studies have indicated that when infants and children do not sleep
well, their parents report higher levels of parental stress and
depression and lower levels of sense of competence and overall
quality of life,20 which could further compound the negative
impact on infant development.
Several factors are known to inﬂuence infants’ sleep health,
including maternal mental health,21 sleep environment, bedtime routines,22 and family socioeconomic status (SES).23,24 Sadeh et al outlined a socio-ecological model, which views sleep as nested within a
broader context (culture, environment, family), and more proximal
factors, including intrinsic child characteristics and parenting factors,
all shaping the parent-child interactive context, which in turn has a
bidirectional relationship with infant sleep.25 Parent-child sleep
interactions have been shown to signiﬁcantly affect sleep: a consistent bedtime routine has been associated with longer nighttime sleep
duration, shorter sleep onset latency, and less fragmented sleep.23
Other factors that have been shown to promote better sleep in early
childhood include earlier bedtime26 and encouraging children to fall
asleep on their own without excessive parental assistance.27 In addition, while there are well-established advantages of breastfeeding for
the development of infants, breastfeeding has been found to be associated with more frequent night wakings and with lower percentage
of self-soothing. Similarly, a few studies have shown that infants who
co-sleep are more likely to have more spontaneous arousals, but
results are not conclusive and might differ when co-sleeping is practiced sporadically or habitually.13 A few studies suggest that these
factors might differ in various racial/ethnic groups, with mothers
from racially and ethnically minoritized communities being more
likely to describe disruptions from environmental factors, putting
their infant to sleep later, feeding infants to sleep, or exposing infants
to television before bedtime, likely inﬂuenced by the broader context
in which they parent.28 Nonetheless, the potential contribution of

these factors to racial/ethnic sleep disparities, particularly during
infancy, has not been fully investigated.
In this study, we aimed to examine racial/ethnic differences in
sleep duration, latency, and number of night awakenings in infants at
4 months of age, accounting for their insurance status and parentinfant bedtime behavioral factors (PIBBF) (bedtime, how does infant
fall asleep, where infant sleeps). In addition, given the complex bidirectional relationship between infant sleep, parenting, and socio-cultural factors,29,30 we investigated associations between parentreported infant sleep patterns and sleep problems and whether this
differed by race/ethnicity. Understanding PIBBF as an inextricable
contextual factor during infancy, that may underlie sleep health disparities in infancy, may support the much-needed initiatives to
develop and test sleep interventions tailored to the needs of minoritized and marginalized families.
Methods
Study design
This study included a subset of data collected from a cohort of participants who participated in the COVID-19 Mother Baby Outcomes
(COMBO) Initiative at Columbia University Irving Medical Center
(CUIMC) and were born between February 2020 and February 2021
(www.ps.columbia.edu/COMBO). The larger COMBO study is ongoing
and aims to comprehensively describe the health and wellbeing of
mother-infant dyads during the COVID-19 pandemic. All procedures
were approved by the CUIMC Institutional Review Board and
informed consent was obtained from all participants.
Participants
All mother-infant dyads participating in the COMBO Initiative
received prenatal care and delivered at the CUIMC-afﬁliated NewYork-Presbyterian Morgan Stanley Children’s Hospital or NewYorkPresbyterian Allen Pavilion Hospital since the onset of the pandemic
(ﬁrst New York City laboring woman diagnosed March 13, 2020 at
Morgan Stanley Children’s Hospital). All dyads with a documented
SARS-CoV-2 infection during pregnancy according to the electronic
health record were invited to participate and were enrolled during
pregnancy or in the ﬁrst few months postpartum. For each exposed
dyad, 1-3 unexposed dyads, deﬁned as the absence of electronic
health record documentation of maternal SARS-CoV-2 infection during pregnancy and at delivery, were matched based on infant sex,
gestational age (GA) in 2-week windows, mode of delivery, and date
of birth within approximately a 2-week window. Participants
included in this study gave birth between February 2020 and February 2021 and premature infants were excluded.
Measures
All data were collected from chart review and surveys that were
administered through the CUIMC REDCap system (version 10.6.2)
and participants were offered the option to complete the surveys in
English or Spanish.
Socio-demographics
Demographic data included infant sex, GA, and maternal age at
delivery. As part of hospital intake records, mothers self-reported
their ethnic background as “non-Hispanic,” “Hispanic,” or “decline to
answer” and were also asked to specify their racial background
choosing from categories recommended by the National Institutes of
Health as “White,” “Black or African American,” “Asian,” “American
Indian or Alaskan Native,” “Native Hawaiian or other Paciﬁc Islander,”
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and/or “Other combinations not described.” For the analyses presented in this manuscript, we combined race and ethnicity variables
to obtain one single race/ethnicity variable as follows: non-Hispanic
White (NHW), Black or African American (B/AA) and Hispanic (H),
Asian, American Indian or Alaskan Native, Native Hawaiian or other
Paciﬁc Islander, and Other combinations not described. Additionally,
mothers were asked about their breastfeeding practices (mostly/
exclusively breastfeeding, partially breastfeeding or utilizing mostly/
exclusively formula). Insurance type was used as a proxy for income
level based on the low to very low income based eligibility for Medicaid insurance vs. the middle to higher income levels associated with
commercial healthcare insurance coverage.31

sleep cycling changes that occur around 4 months of age, the models
were adjusted by sex and infant’s age at assessment (Model 1). Next,
we additionally adjusted for insurance status, as a measure of SES, to
account for the broader contextual environments in which families
live and that can affect the parent-child interaction (Model 2). We
then added PIBBF (sleep environment, bedtime, how the baby falls
asleep, and breastfeeding) to the model (Model 3). We then ran the
same 3 models to predict maternal perception of infant sleep as a
problem, with an additional fourth model adjusting for infant sleep
variables (Model 4). All analyses were completed using R 4.0.4.

Sleep health
We collected maternal reported sleep health data when the child
was 4 months old using the Brief Infant Sleep Questionnaire (BISQ),
test-retest correlations r > 0.82.32 Sleep variables extracted from the
BISQ included sleep duration (daytime: “How much time does your
baby spend in sleep during the day (between 7 in the morning and 7
in the evening)?”; nighttime: “How much time does your baby spend
in sleep during the night (between 7 in the evening and 7 in the
morning)?”, and 24 hour, calculated as the sum of nighttime and daytime duration), number of night awakenings, sleep latency, and
maternal perception of their infants having sleep problems. Perception of infant sleep as a problem was deﬁned as a categorical variable
based on the following question: “Do you consider your baby's sleep
as a problem?” If the parent answered either “A very serious problem” or “A small problem” a value of 1 was assigned. Otherwise, if
the parent replied “Not a problem at all” a value of 0 was assigned.

Of the 374 infants eligible for this sub-study of the COMBO Initiative, 5 were excluded because mothers did not ﬁll out the sleep questionnaire, 44 because mothers declined to report their race/ethnicity,
and 29 infants were excluded from the analyses because they identiﬁed with race/ethnic groups whose sample size was too small to be
included in the analyses (“Asian” [n = 15], “American Indian or Alaskan Native” [n = 1], “Native Hawaiian or other Paciﬁc Islander”
[n = 1], “Other combinations not described” [n = 12]). Regarding the
identiﬁcation of outliers, 26 outliers were eliminated for 24 hour
sleep duration, 18 for day sleep duration, 11 for night sleep duration,
and 13 for sleep latency.
In Tables 1 and 2, we summarize socio-demographic factors and
PIBBF (Table 1) and sleep health (Table 2) of the overall sample and
by race/ethnicity.
Of the total of 296 infants included in the analyses: 34.4% mothers
identiﬁed as NHW, 10.1% as Black or African American and 55.4% as
Hispanic. Fifty-one percent had commercial insurance and 48.6% had
Medicaid. Average GA at birth was 38.6 weeks (SD = 1.9) with no preterm infants (GA < 37 weeks) included in the analyses, average infant
age at assessment was 18.7 weeks (SD = 2.4 weeks), and 46.2% of
infants were female. Mothers who self-identiﬁed as Hispanic were
younger (P = .0001) and B/AA and Hispanic mothers were both significantly more likely to have Medicaid compared to NHW mothers (P <
.0001).
Sixteen percent of the infants in the sample slept in their own crib
in a separate room, 77.4% in their own crib but in the same room as
the mothers and the rest (6.8%) co-slept. B/AA mothers were more
likely to co-sleep compared to NHW, and both B/AA and Hispanic
were more likely to room share rather than sleep in separate rooms
from the infants (P < .0001). Nineteen percent of the infants fell
asleep in bed independently, while 81.1% fell asleep being held,
rocked, fed or in bed near the parent. Thirty-seven percent of infants
went to bed by 8pm. Infants of B/AA and Hispanic mothers were
more likley to go to bed after 10 PM (37% and 26%, respectively, compared to 10% of NHW, P < .001). Thirty-three percent of the infants
were exclusively breastfed, 31.7% were both breastfed and formula
fed and the remaining (35.1%) were exclusively formula fed. Hispanic
mothers were more likely to use a combination of formula and
breastmilk or exclusively formula, rather than exclusively breastfeeding, compared to NHW mothers (P = .007).
As summarized in Table 2, at 4 months night sleep duration was
544.9 minutes (SD = 100.5), day sleep duration was 260.1 minutes
(SD = 95.4), and 24-hour sleep duration was 803.7 (SD = 124.6). Night
sleep duration was shorter for B/AA and Hispanic compared to NHW
(respectively 547.2.4 § 107.8, 516.5 § 101.7, 586.9 § 80.6 minutes, P
< .001). Day sleep duration was longer for Hispanic compared to
NHW (respectively 277.2 § 101.7 and 237.3 § 73.6 minutes,
P = .006). Twenty-four hour sleep duration was on average 803.7 §
124.6 minutes and it did not differ signiﬁcantly across racial/ethnic
groups. The number of night awakenings was 1.5 (SD = 1.2), with no
signiﬁcant difference by race/ethnicity. Sleep latency was 0-15
minutes for 2% of the infants, 16-30 minutes for 40.1%, 31-60 minutes

Parental bedtime practices
Data from the BISQ also included bedtime routine practices: bedtime, sleeping arrangement (Independent in a crib in a separate
room, room sharing, bed sharing) and how the infant fell asleep
(“While feeding/being rocked/being held/In bed near parent,” “In bed
alone”).
Statistical analyses
Sleep health variables included duration (daytime, nighttime, 24
hours), latency, number of night awakenings, and maternal perception of sleep problems. Data missingness was N = 14 for nighttime
sleep duration, N = 22 for daytime and total sleep duration, N = 19 for
sleep latency, and N = 1 for number of night awakenings. We tested
for normal distribution of continuous variables. Skewed variables
(sleep latency, bedtime) were discretized and transformed from continuous to ordinal. Outliers for sleep duration were determined based
on the sample distributions, utilizing the 5th and 95th percentiles as
cutoffs. The cutoff values for nighttime sleep were 300-720 minutes,
for daytime sleep 90-480 minutes, and for 24-hour sleep 512-1020
minutes. These values were in line with normative values for infants
in the 3-6 months range published in previous research.13 Similarly,
values of sleep latency higher than 120 minutes were considered outliers. Data was excluded at the level of the sleep variable and not at
the participant level.
Descriptive statistics were calculated for socio-demographic and
sleep health variables. Bivariate statistics were used to examine differences in socio-demographic and sleep health variables by race/
ethnicity. Then, a series of multiple linear regression models were
used to examine the association between sleep measures (nighttime,
daytime and total sleep duration, sleep latency, number of night
awakenings) and race/ethnicity, based on the conceptual framework
proposed by Sadeh et al.25 In the ﬁrst round of models, we controlled
for intrinsic infant characteristics. Thus, based on existing literature
on differences by sex for infant sleep33 and to account for the rapid

Results
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Table 1
Socio-demographic characteristics and behavioral factors for the overall cohort and by race/ethnicity

Socio-demographic
Gestational age (weeks)
Age at assessment (weeks)
Sex (F/M)
Maternal age (years)
Mode of delivery
Vaginal
Cesarean
Medical insurance
Commercial
Medicaid
Parent-infant bedtime behavioral factors
Sleep environment
Crib in a separate room
Crib in mother’s room
Co-sleeping
How does baby fall asleep
While feeding/being rocked/being held/In bed near parent
In bed alone
Bedtime
Up to 7 PM
7-8 PM
8-10 PM
10PM-12 AM
After 12 AM
Breastfeeding
Exclusively breastmilk
Breastmilk and formula
Exclusively formula

Overall (N = 296)

NHW (N = 102)

B/AA (N = 30)

H (N = 164)

38.6 (1.9)
18.7 (2.4)
137/159
31.7 (5.5)

38.5 (1.8)
18.7 (2.3)
46/56
33.4 (4.8)

37.9 (3.1)
18.7 (3.2)
13/17
32.3 (7.2)

38.8 (1.6)
18.8 (2.34)
78/86
30.5 (5.2)

175 (59.1%)
117 (39.5%)

67 (65.7%)
33 (32.3%)

17 (56.7%)
13 (43.3%)

91 (55.5%)
71 (43.3%)

151 (51.0%)
144 (48.6%)

90 (88.2%)
12 (11.8%)

15 (50.0%)
15 (50.0%)

46 (28.0%)
117 (71.3%)

46 (15.7%)
226 (77.4%)
20 (6.8%)

30 (29.4%)
68 (66.7%)
4 (3.9%)

4 (13.3%)
21 (70%)
5 (16.7%)

12 (7.5%)
137 (85.6%)
11 (6.8%)

240 (81.1%)
56 (18.9%)

76 (74.5%)
26 (25.5%)

26 (86.7%)
4 (13.3%)

138 (84.1%)
26 (15.8%)

46 (15.9%)
61 (21.03%)
121 (41.7%)
45 (15.5%)
17 (5.9%)

35 (34.3%)
28 (27.4%)
29 (28.4%)
8 (7.8%)
2 (2.0%)

3 (10.0%)
6 (20.0%)
10 (33.3%)
8 (26.7%)
3 (10%)

8 (5.1%)
27 (17.1%)
82 (51.9%)
29 (18.3%)
12 (7.6%)

98 (33.1%)
94 (31.7%)
104 (35.1%)

48 (47.1%)
32 (31.4%)
22 (21.6%)

11 (36.7%)
8 (26.7%)
11 (36.7%)

39 (23.8%)
54 (32.9%)
71 (43.3%)

P value

.05
.9
.9
.0001
.2

<.0001

<.001

.1
<.001

.007

B/AA, Black/African American; H, Hispanic; NHW, non-Hispanic White.

for 19.3%, and more than 60 minutes for 13.2 with no signiﬁcant difference by race/ethnicity. Twenty-seven percent of the mothers considered their infant sleep as a problem, and Hispanic mothers were
less likely to consider sleep as a problem compared to NHW (respectively 18.9% and 38.1%, P = .002).
Associations between infant sleep health and race/ethnicity
To examine the role of intrinsic infant characteristics, insurance
status and PIBBF in the relationship between sleep health and race/
ethnicity, we created 3 models. Results are discussed in the next
paragraphs and presented in Table 3. Results from Model 1, adjusted
for age at assessment and infant sex, showed that Hispanic mothers
reported shorter night sleep duration for their infants, compared to
NHW mothers (b = -70.4 § 12.5, P < .001). Daytime infant sleep as
reported by Hispanic mothers was longer than that reported by NHW
mothers (b = 41.2 § 12.5, P < .01). Figs. 1 and 2 show differences in
nighttime and daytime sleep duration by race/ethnic group. B/AA

mothers reported their infants had longer sleep latency compared to
NHW mothers (OR 2.5 95% CI 1.1-5.6, P = .05). In addition, Hispanic
mothers were less likely to consider their infant’s sleep as a problem
compared to NHW (OR 0.4; 95% CI 0.2-0.7, P = .001).
Results from Model 2 showed that after additional adjustment for
insurance status, Hispanic mothers still reported shorter infant night
sleep duration, compared to NHW mothers (b = -54.3 § 15.0,
P < .001), longer daytime infant sleep NHW (b = 41.6 § 14.9, P = .01),
and fewer night awakenings (b = -0.3 § 0.2, P = .05). B/AA mothers
still reported their infants had longer sleep latency compared to
NHW mothers (OR 2.6; 95% CI 1.2-5.9, P = .05). Hispanic mothers
were still less likely to consider their infant’s sleep as problem compared to NHW (OR 0.5; 95% CI 0.2-0.9, P = .05).
Results from Model 3, additionally adjusted for PIBBF, showed
similar differences by race/ethnicity with Hispanic mothers reporting
shorter night sleep duration (b = -32.1 § 14.1, P = .05), longer daytime sleep duration (b = 35.4 § 15.4, P = .05), and being less likely to
consider their infant’s sleep as a problem compared to NHW mothers

Table 2
Sleep variables for the overall cohort and by race/ethnicity

Infant sleep
Nighttime sleep duration
Daytime sleep duration
Total sleep duration
Number of night awakenings
Sleep latency
0-15 mins
16-30 mins
31-60 mins
60-120 mins
Mother considers infant’s sleep as a problem (yes)

Overall

NHW (N = 102)

B/AA (N = 30)

H (N = 164)

P value

544.9 § 100.5
260.1 § 95.4
803.7 § 124.6
1.5 § 1.2

586.9 § 80.6
237.3 § 80.4
816.9 § 94.6
1.6 § 1.3

547.2 § 107.8
251.2 § 96.0
794.4 § 139.4
1.5 § 0.9

516.5 § 101.7
277.2 § 101.7
796.3 § 121.7
1.5 § 1.1

<.001
.006
.3
.4
.18

72 (27.3%)
106 (40.1%)
51 (19.3%)
35 (13.2%)
80 (27.2%)

30 (31.2%)
38 (40.4%)
16 (17.0%)
10 (10.6%)
39 (38.2%)

1 (4.1%)
13 (54.2%)
5 (20.8%)
5 (20.8%)
10 (33.3%)

41 (28.1%)
55 (37.7%)
30 (20.5%)
20 (13.7%)
31 (18.9%)

B/AA, Black/African American; H, Hispanic; NHW, non-Hispanic White.

.002
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Fig. 1. Violin plot illustrating the distribution of infant nighttime sleep duration by race/ethnicity.

(OR 0.4; 95% CI 0.1-0.9, P = .05). Fig. 3 shows differences in nighttime
sleep duration by race/ethnic group, stratiﬁed by bedtime.

Infant sleep and intrinsic infant characteristics
Older age at assessment was associated with shorter sleep duration during the day (Model 3 b = -4.9 § 2.4, P = .05), shorter sleep
latency (Model 3 OR 0.9; 95% CI 0.8-1.0, P = .05), and less night awakenings (Model 2 b = -0.07 § 0.03, P = .05; Model 3 b = -0.07 § 0.02,
P = .05). Male infants had more awakenings (Model 1 b = 0.5 § 0.01,
P = .001; Model 2 b = 0.4 § 0.1, P = .01; Model 3 b = 0.4 § 0.1, P = .01),
and their mothers were more likely to perceive their sleep as a problem compared to mothers of females (Model 1 OR 1.8; 95% CI 1.0-3.1,

P = .05; Model 2 OR 1.8; 95% CI 1.0-3.1, P = .05; Model 3 OR 1.7; 95%
CI 1.0-3.1, P = .05).
Infant sleep and insurance status
Insurance status was signiﬁcantly associated with night sleep
duration, such that mothers with Medicaid reported shorter duration
in Model 2 (b = -28.8 § 13.9, P = .05), but once we accounted for PIBBF
the association was no longer signiﬁcant.
Infant sleep and PIBBF
Regarding the associations of sleep variables with bedtime practices, later bedtime was associated with shorter night sleep duration
(Model 3 b = -21.0 § 4.0, P = .001), shorter total sleep duration

Fig. 2. Violin plot illustrating the distribution of infant daytime sleep duration by race/ethnicity.
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Fig. 3. Violin plot illustrating the distribution of infant night sleep duration by race/ethnicity, stratiﬁed by bedtime.

(Model 3 b = -17.3 § 5.4, P = .001), and longer latency (Model 3 OR
1.4; 95% CI 1.1-1.6, P = .001). Parents of infants who fell asleep being
fed/rocked/held reported longer sleep latency compared to those
who fell asleep in bed independently (Model 3 OR 2.1; 95% CI 1.1-3.9,
P = .05). Infants who were exclusively formula fed slept less at night
(Model 3 b = 34.8 § 14.2, P = .05) but had less awakenings (Model 3
b = -0.5 § 0.2, P = .01), while those who were partially fed with
breastmilk and partially with formula had shorter night (Model 3
b = -34.4 § 13.8, P = .05) and total sleep duration (Model 3 b = 36.8 §
18.4, P = .05) compared to fully breastfed infants. Lastly, infants from
families who practiced co-sleeping or slept in the same room but in
separate beds had more awakenings compared to those who slept in
their own room (co-sleeping Model 3 b = 0.8 § 0.3, P = .05, sleep in
same room Model 3 b = 0.4 § 0.2), and infants who co-slept had longer sleep duration during the day (Model 3 b = 61.6 § 27.8, P = .05)
and over 24 hour (Model 3 b = 79.0 § 34.4, P = .05).
Infant sleep and maternal perceptions of infant sleep as a problem
Number of night awakenings was positively associated with
maternal perception of infant sleep as a problem (Model 4 OR 2.2;
95% CI 1.6-3.3, P = .001). Shorter daytime sleep duration and a sleep
latency between 30 and 60 minutes were also associated with maternal perception of infant sleep as a problem (Daytime sleep duration:
b = -0.005 § 0.002, P = .01; Latency: b = 1.5 § 0.6, P = .01).
Infant sleep and the COVID-19 pandemic
In the supplement, we have reported results for models additionally adjusted for time of the pandemic. Results show that none of the
infant sleep domains were signiﬁcantly affected by this variable.
Discussion
In this study, we found marked differences in infant sleep duration, latency, and maternal perception of sleep as a problem by race/
ethnicity at 4 months of age. We also found that parental bedtime
practices were more robustly associated with the variation by race/
ethnicity in infant sleep problem perception than insurance status, a
proxy for SES.
These ﬁndings are consistent with previous literature indicating
racial/ethnic differences in sleep duration in infancy.10,34 Ash et al
found that at 6 months Hispanic infants slept 1 hour less during the
night than NHW infants and adjustment by SES only attenuated this
difference by 21%. Similarly, in our results Hispanic infants slept »70
minutes less at night compared to NHW, and insurance status, our

proxy measure for SES, only partly reduced this difference to »54
minutes. After additionally adjusting for PIBBF, the difference was
~32 minutes. This is different from what is reported by Ash et al,35
who found that adjustment for parenting behaviors/practices actually
reversed the association between ethnicity and sleep duration, so
that Hispanic infants slept more than NHW. Nonetheless, the set of
parameters used for adjustment between our study and Ash et al
only partly overlaps, since they had additional information on country of birth, acculturation income, employment and family structure,
and stress.
Yu et al found similar differences in sleep duration at night and
showed differences by daytime sleep duration, with Hispanic infants
sleeping more, in accordance with our results. In contrast with their
ﬁndings, we did not ﬁnd differences for B/AA infants for daytime
sleep duration. Similar to Yu et al, overall sleep duration and number
of night awakenings did not differ by race/ethnicity, after adjustments. The absence of signiﬁcant differences in 24-hour sleep duration between NHW and Hispanic infants in our ﬁndings and those
from Yu et al,34 suggest that the main difference between the two
groups lies in the organization of sleep during the 24-hour period,
with Hispanic infants sleeping less at night but catching up during
the day. Further research is warranted to expand on this in a longitudinal cohort, since a few studies have indicated that later bed/wake
times are associated with more obesogenic behaviors and poorer
health outcomes.36,37 Our results also extend previous knowledge
reporting differences by race/ethnicity in sleep latency where we
found longer sleep latency in B/AA infants. Nonetheless, this difference was not signiﬁcant after adjusting for PIBBF. We also conﬁrmed,
as reported in previous studies, that maternal perception of infant
sleep as a problem is associated with infant sleep, particularly by
number of night awakenings,30 but it is also shaped by demographic
and cultural variables, as outlined by previous research.29 In our
cohort, Hispanic mothers were less likely to report infant sleep as a
problem and this association remained signiﬁcant even after adjustment for insurance status, PIBBFs, and infant sleep. In the context of a
social ecological sleep model,38-40 SES has been suggested to contribute to children’s sleep due to quality of home and neighborhood
environments,41,39 parental education, family stress,42 or due to
parents’ work schedules.43 Using health insurance status as a proxy
for SES, we found that low SES only marginally attenuated the association between race/ethnicity disparities in infants’ sleep health. This
ﬁnding was consistent with other studies of toddlers and of preschoolers,44 wherein SES variables did not signiﬁcantly account for
race/ethnic disparities in early childhood sleep health characteristics.
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Table 3
Results from regression analyses
Night sleep duration
Race/ethnicity
Non-Hispanic White
Black/African American
Hispanic
Sex
Age at assessment
Insurance status
Commercial
Medicaid
Sleep environment
Crib in a separate room
Crib in mother’s room
Co-sleeping
How baby falls asleep
In bed alone
While feeding/being rocked/being held/in bed near parent
Bedtime
Breastfeeding
Exclusively breastmilk
Breastmilk and formula
Exclusively formula
Day sleep duration
Race/ethnicity
Non-Hispanic White
Black/African American
Hispanic
Sex
Age at assessment
Insurance status
Commercial
Medicaid
Sleep environment
Crib in a separate room
Crib in mother’s room
Co-sleeping
How baby falls asleep
In bed alone
While feeding/being rocked/being held/in bed near parent
Bedtime
Breastfeeding
Exclusively breastmilk
Breastmilk and formula
Exclusively formula
Total sleep duration
Race/ethnicity
Non-Hispanic White
Black/African American
Hispanic
Sex
Age at assessment
Insurance status
Commercial
Medicaid
Sleep environment
Crib in a separate room
Crib in mother’s room
Co-sleeping
How baby falls asleep
In bed alone
While feeding/being rocked/being held/in bed near parent
Bedtime
Breastfeeding
Exclusively breastmilk
Breastmilk and formula
Exclusively formula

Model 1

Model 2

Model 3

Ref
-39.3 (20.5)+
-70.4 (12.5)***
-2.5 (11.6)
3.1 (2.4)

Ref
-29.4 (20.8)
-54.3 (15.0)***
2.1 (11.6)
3.7 (2.4)

Ref
-6.4 (19.8)
-32.1 (14.1) *
-2.3 (10.8)
4.0 (2.2)

Ref
-28.8 (13.9)*

Ref
-5.8 (13.2)
Ref
-16.4 (16.0)
4.1 (25.8)
Ref
-16.4 (14.0)
-21.0 (4.0)***
Ref
-34.4 (13.8)*
-34.8 (14.2)*

Model 1

Model 2

Model 3

Ref
-11.3 (21.4)
41.2 (12.5)**
17.6 (11.7)
-4.0 (2.4)+

Ref
-11.4 (21.9)
41.6 (14.9)**
17.9 (0.1)
-4.1 (2.4)+

Ref
-5.6 (22.5)
35.4 (15.4) *
23.6 (11.9)*
-4.9 (2.4)*

Ref
-0.3 (14.0)

Ref
-4.7 (14.4)
Ref
10.3 (17.1)
61.6 (27.8)*
Ref
14.7 (15.7)
4.1 (4.6)
Ref
-14.9 (15.1)
5.3 (15.7)

Model 1

Model 2

Model 3

Ref
-24.8 (25.5)
-19.4 (15.6)
19.2 (14.6)
-2.5 (3.0)

Ref
-18.4 (26.2)
-10.6 (18.6)
17.5 (14.7)
-2.0 (3.0)

Ref
-16.4 (26.7)
-0.5 (18.8)
19.5 (14.5)
-2.9 (2.9)

Ref
-17.2 (17.4)

Ref
-5.3 (17.7)
Ref
10.2 (20.9)
79.0 (34.4)*
Ref
-11.3 (19.0)
-17.3 (5.4)**
Ref
-36.8 (18.4)*
-15.3 (18.9)
(continued)
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Night sleep duration

Model 1

Night awakenings

Model 1

Model 2

Model 3

Ref
-0.2 (0.2)
-0.2 (0.1)
0.5 (0.1)***
-0.07 (0.03)*

Ref
-0.3 (0.2)
-0.3 (0.2)*
0.4 (0.1)***
- 0.07 (0.03)*

Ref
-0.3 (0.2)
-0.3 (0.2)+
0.4 (0.1)**
-0.7 (0.02)*

Ref
-0.3 (0.1)+

Ref
-0.3 (0.1)+

Race/ethnicity
Non-Hispanic White
Black/African American
Hispanic
Sex
Age at assessment
Insurance status
Commercial
Medicaid
Sleep environment
Crib in a separate room
Crib in mother’s room
Co-sleeping
How baby falls asleep
In bed alone
While feeding/being rocked/being held/in bed near parent
Bedtime
Breastfeeding
Exclusively breastmilk
Breastmilk and formula
Exclusively formula
Latency
Race/ethnicity
Non-Hispanic White
Black/African American
Hispanic
Sex
Age at assessment
Insurance status
Commercial
Medicaid
Sleep environment
Crib in a separate room
Crib in mother’s room
Co-sleeping
How baby falls asleep
In bed alone
While feeding/being rocked/being held/in bed near parent
Bedtime
Breastfeeding
Exclusively breastmilk
Breastmilk and formula
Exclusively formula
Infant sleep as a problem
Race/ethnicity
Non-Hispanic White
Black/African American
Hispanic
Sex
Age at assessment
Insurance status
Commercial
Medicaid
Sleep environment
Crib in a separate room
Crib in mother’s room
Co-sleeping
How baby falls asleep
In bed alone
While feeding/being rocked/being held/in bed
near parent
Bedtime
Breastfeeding
Exclusively breastmilk
Breastmilk and formula
Exclusively formula
Nighttime sleep duration
Day time sleep duration

Model 2

Model 3

Ref
0.4 (0.2)*
0.8 (0.3)*
Ref
0.2 (0.2)
-0.04 (0.04)
Ref
-0.2 (0.2)
-0.5 (0.2)**
Model 1

Model 2

Model 3

Ref
2.5 [1.1-5.6]*
1.3 [0.8-2.0]
1.1 [0.7-1.7]
0.9 [0.8-1.0]+

Ref
2.6 [1.2-5.9]*
1.3 [0.8-2.4]
1.1 [0.7-1.7]
0.9 [0.8-1.0]+

Ref
1.7 [0.7-3.4]
1.1 [0.6-2.0]
1.0 [0.6-1.6]
0.9 [0.8-1.0]+

Ref
0.9 [0.5-1.5]

Ref
0.8 [0.4-1.4]
Ref
0.8 [0.4-1.6]
1.1 [0.4-3.3]
Ref
2.1 [1.1-3.9]*
1.4 [1.1-1.6]***
Ref
0.9 [0.5-1.7]
0.9 [0.5-1.7]

Model 1

Model 2

Model 3

Model 4

Ref
0.8 [0.3-1.9]
0.4 [0.2-0.7]***
1.8 [1.0-3.1]*
0.9 [0.8-1.0]

Ref
0.9 [0.4-2.3]
0.5 [0.2-0.9]*
1.8 [1.0-3.1]*
0.9 [0.8-1.1]

Ref
0.8 [0.3-2.0]
0.4 [0.2-0.8]*
1.7 [1.0-3.1]*
1.0 [0.9-1.1]

0.3 [0.06-1.0]+
0.4 [0.1-0.9]*
2.2 [1.0-4.7]*
1.0 [0.8-1.1]

Ref
0.6 [0.3-1.2]

Ref
0.5 [0.3-1.1]+

Ref
0.4 [0.2-1.0]+

Ref
1.7 [0.7-3.9]
1.2 [0.3-4.7]

Ref
1.6 [0.6-4.9]
1.9 [0.3-11.6]

Ref
1.5 [0.7-3.3]

Ref
1.0 [0.4-2.8]

1.2 [1.0-1.4]

1.2 [0.9-1.6]

Ref
1.0 [0.5-2.0]
0.7 [0.3-1.4]

Ref
0.9 [0.4-2.3]
1.2 [0.4-3.2]
1.0 [1.0-1.0]
0.9 [0.9-1.0]*
(continued)
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Table 3 (Continued)
Infant sleep as a problem

Model 1

Model 2

Latency
0-15 mins
16-30 mins
31-60 mins
60-120 mins
Night awakening
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Model 3

Model 4

Ref
1.0 [0.4-2.8]
4.7 [1.6-14.7]**
1.4 [0.4-4.9]
2.2 [1.6-3.3] ***

Model 1: primary independent variable (IV) race/ethnicity, covariates: infant sex and age at assessment. Model 2: primary IV race/ethnicity, covariates: infant sex, infant age at assessment, and insurance status. Model 3: primary IV race/
ethnicity, covariates: infant sex and age at assessment, parent-infant bedtime behavioral factors (sleep environment,
how does baby fall asleep, bedtime, and breastfeeding). Model 4: primary IV race/ethnicity, covariates: infant sex and
age at assessment, parent-infant bedtime behavioral factors (sleep environment, how does baby fall asleep, bedtime,
and breastfeeding), infant sleep variables (nighttime and day time sleep duration, latency, night awakenings) .
* p=0.05, ** p=0.01, *** p=0.001.

Their ﬁndings indicated that parent behaviors related to sleep, such
as bedtime routine consistency, were the primary contributing factors, although they might not be completely independent from SES.
Later bedtime has also been reported by parents for Hispanic and B/
AA toddlers and preschoolers.45 Our current ﬁndings extend this
knowledge to the infant period.
Our analyses showed that PIBBFs were signiﬁcantly associated
with sleep duration, latency, and number of awakenings, and
accounted for several of the racial/ethnic differences found in the
unadjusted models. A study utilizing a cohort of »30,000 infants and
toddlers investigated the role of parental behaviors and sleep ecology
in explaining variance of sleep patterns, and also found that best predictors of nighttime sleep were related to parental behaviors at bedtime and during the night.46 Consistent with these ﬁndings, we
found that sleep duration was predominantly explained by parental
report of infants’ bedtime. Regarding the effect of sleeping arrangements on infants’ sleep health, our results are in line with the literature, showing more night awakenings for co-sleeping.47 In addition,
Sadeh et al found similar results regarding sleep patterns between
breastfed vs. formula fed infants, and showed that breastmilk is
digested more quickly and therefore infants who are breastfed rather
than formula-fed wake up more often to eat as a result.25
Inclusive sampling of multiple racial/ethnic and SES groups is
largely missing in the extant literature described above. In this study,
we explored parental bedtime practices and SES as potential factors
contributing to infant racial/ethnic disparities. In our study, parental
behaviors associated with worse sleep outcomes were signiﬁcantly
more common among Hispanic and B/AA mothers, since they were
more likely to co-sleep or sleep in the same room rather than in separate rooms from the infants and their infants went to bed later compared to NHW. This information is critical since there has been sparse
research adapting sleep interventions for populations disproportionately impacted by poor sleep health. Although some of the social and
environmental inﬂuences leading to worse sleep may not be readily
modiﬁable (eg, SES, availability of a separate sleep space for children),
sleep interventions that address modiﬁable factors (eg, bedtime, bedtime behaviors), accounting for the need of families experiencing
these challenges, would empower them to improve sleep health with
potential downstream effects on the overall health of their infants.48
In fact, it has been shown that even a 45 minutes increase in sleep
opportunity can lead to signiﬁcant improvement in children's physical, cognitive, and behavioral health.49 In addition, tailored interventions could optimize real-world uptake and effectiveness.50
Sleep interventions that do not consider the needs of the populations who should beneﬁt from them are destined to fail. In a recent
paper, it was reported that, while there were no signiﬁcant racial/
ethnic differences in implementing behavioral sleep intervention,
Black non-Hispanic mothers were more likely to report stopping
them prior to completion.51 At the same time, one study that focused
on ethnically diverse mothers living with economic adversity found

that they valued sleep for themselves and their children, which suggests that, if appropriate, interventions would be welcomed.52 Fortunately, there are emerging programs that hold promise to reducing
sleep health disparities in early childhood.53
Limitations of this study include the cross-sectional design and
the limited available data on socioecological factors, such as parental
education, parental stress, number of children in the house, and presence of bedtime routines, that may inﬂuence sleep health among
infants and help elucidate the underlying mechanisms behind the
identiﬁed sleep health differences between race/ethnicity groups. As
the research evolves in the ﬁeld of pediatric sleep health disparities,
it will be important to follow the suggestions published in the adult
literature on best approaches for future research on sleep health disparities.54 Moreover, the reliance of parent-reported sleep health
must be considered when interpreting these ﬁndings. Research on
children’s behavior has noted that parental reports may be biased55
and affected by sleep practices, such as co-sleeping,25 and future
studies would beneﬁt from objective measures of sleep health.
Although data collection for this study occurred during the COVID-19
pandemic, results from our sensitivity analyses did not show an effect
of time of the pandemic on infant sleep measures. Nonetheless, we
did not have detailed information on COVID-19 infection for the postpartum period, parental stress relative to the pandemic, and income
and work changes due to COVID-19, thus we could not account for
these factors in our analyses. This study also has several strengths,
including a racially/ethnically diverse sample and analyses of several
infant sleep domains, a signiﬁcant addition to the ﬁeld.
In summary, our study shows racial/ethnic differences in sleep in
infants at 4 months of age across several sleep domains. Results highlight the essential role of PIBBF for healthy infant sleep and how these
practices are not occurring equally across racial/ethnic groups, potentially due to increased barriers, such as shift-work schedules or suboptimal home environment, among racial/ethnic minority communities that hinder implementation of optimal bedtime routines. These
results highlight important information on the existing health inequities and given the short-term and long-term implications of poor
sleep for infant health and neurodevelopment, these results underscore the need to further investigate root causes and mechanisms
contributing to these inequities.
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