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Abstract

Objective—Insufficient sleep in children is associated with adverse health effects. We examined
the associations of early life risk factors with infant sleep duration.

Methods—We studied 1676 mother-infant pairs in a pre-birth cohort study. Main outcomes were
mothers’ report of their infants’ average 24-hour sleep duration at 6 months, 1 year, and 2 years of
age.

Results—Infants slept mean (SD) durations of 12.2 (2.0) hours/day at 6 months, 12.8 (1.6) hours/
day at 1 year, and 11.9 (1.3) hours/day at 2 years. In multivariable regression models, maternal
antenatal depression, introduction of solids <4 months, and infant TV/video viewing were associated
with shorter sleep durations at both 1 and 2 years of age. Estimates were 0.36 fewer hours/day of
sleep for maternal antenatal depression, 0.39 fewer hours/day of sleep if infant was introduced to
solids < 4 months, and 0.11 fewer hours/day of sleep for each 1-hour of TV viewed per week.
Attendance at child care outside the home was associated with 0.18 fewer hours/day of sleep at age
2 years. At 2 years of age, black, Hispanic, and Asian infants slept 0.40, 0.82, and 0.95 fewer hours
per day, respectively, than white infants.

Conclusions—Maternal depression during pregnancy, early introduction of solid foods, infant TV
viewing, and attendance of child care were associated with shorter infant sleep duration. Racial/ethnic
minority children slept fewer hours in the first two years of life than white children. Our results
suggest that various risk factors, some potentially modifiable, are worthy of clinical consideration
when addressing infant sleep duration.

INTRODUCTION

Sleep is an essential physiological component of health and well being in both children and
adults. In infancy, recommendations from the National Sleep Foundation for sleep range from
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10.5 to 18 hours/day among newborns to 12-14 hours/day among 1-3 year olds. Insufficient
sleep in older children appears to have negative effects on cognitive development, mood
regulation, and overall health.! Among infants, short sleep duration and poor sleep quality have
been associated with later obesity 2 and behavioral problems.3 Recent studies suggest that
children are getting insufficient sleep, that the quality of their sleep is too often compromised,
4 and that pediatric sleep disturbances often become chronic, with few children outgrowing
the problem.>: 6

Few studies have examined correlates of infant sleep duration in the first two years of life which
is when sleep behaviors and patterns are being established.”: 8 It is possible that such factors
could be possible foci of interventions to prevent both short- and long-term sleep problems.
Some factors that have been identified as negatively impacting infant sleep have included TV
viewing 2 and past history of maternal depression.19 These studies, however, have been limited
by an inability to adjust for a wide range of potential confounders including child health status
and infant feeding practices. Studies of maternal alcohol consumption during pregnancy 8,
small body size at birth, 8 and exposure to cigarette smoke 1 have shown associations with
short infant sleep duration, but these studies have been limited by small sample sizes.

The purpose of this study was to examine early life risk factors for short infant sleep duration
at ages 6 months and 1 and 2 years (herein referred to as “infancy”) independent of
sociodemographic characteristics.

Subjects/Study Design

Study subjects were participants in Project Viva, a prospective observational cohort study of
gestational diet, pregnancy outcomes, and offspring health.12 We recruited women who were
attending their initial prenatal visit at 8 urban and suburban obstetrical offices of a large, multi-
specialty group practice in eastern Massachusetts. Eligibility criteria included fluency in
English, gestational age less than 22 weeks at initial prenatal clinical appointment, and
singleton pregnancy. Further details of the recruitment and retention procedures are available
elsewhere.12

Of the 2128 women who delivered a live singleton infant, 1802 had sleep data for at least one
of the three time points we analyzed during infancy: 6 months, 1 year, and 2 years of age. Since
sleep duration at each time point was our main outcome, we included all mother-infant pairs
with sleep data at each respective time point and excluded those with missing data on the
covariates included in our model. Thus, our sample size was 1676 for the 6 month time point,
1228 for the 1 year time point, and 1365 for the 2 year time point. Comparison of the 1676
participants included in the 6-month analysis with the 452 excluded participants showed that
the subjects in this analysis had higher percentage of white (68 v. 47%) and educated (70 v.
45% > college graduate) participants, and had higher household incomes (87 v. 71% > $40,000/
yr), but did not differ on mean birth weight. These estimates were similar among the sample
with 1-year and 2-year data.

After obtaining informed consent, we performed in-person study visits with the mother during
pregnancy (15t and 2" trimesters) and both mother and child immediately after delivery and
at 6 months postpartum. Mothers completed mailed questionnaires at 1 and 2 years postpartum,
onwhich they reported child sleep duration. All procedures were in accordance with the ethical
standards for human experimentation established by the Declaration of Helsinki.
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Measurements

Parental and Infant Risk Factors—Based on a review of published literature, we
identified several potential parental and infancy risk factors that could be associated with
shorter sleep duration. Parental risk factors included maternal depression during the 2nd
trimester of pregnancy and smoking during pregnancy; maternal depression at 6 months and
1 year postpartum (but not at 2 years); and at each time point, maternal smoking status, and
number of smoking household members. We measured maternal depression using the
Edinburgh Postnatal Depression Scale; a validated 10-question screening tool (maximum score
of 30 with > 13 indicating possible depression).13

Infant-specific risk factors included gestational age at delivery, birth weight for gestational age
z-score (a measure of fetal growth),14 feeding type at age 6 months, timing of introduction of
solid foods, and at each time point, general health, child TV/video viewing, and whether or not
the infant attended any child care outside the home.

Outcome Measures—The primary outcomes were mothers’ report of their infants’ average
24-hour sleep duration at 6 months, 1 year, and 2 years of age. Secondary outcomes included
average daytime nap and nighttime sleep durations, which were available only at age 6 months.
At 6 months postpartum, we asked mothers 3 questions about their child’s sleep: 1) “In the
past month, on average, for how long does your baby nap during the morning”, 2) “In the past
month, on average, for how long does your baby nap during the afternoon”, and 3) “In the past
month, on average, how many hours does your baby sleep during the night”. At 1 year
postpartum, we asked, “In the past month, on average, for how long does your child sleep in
a usual 24-hour period? Please include morning naps, afternoon naps, and nighttime sleep”.
At 2 years, we asked parents to report the number of hours their child slept in a usual 24-hour
period on an average weekday and weekend day in the past month. Response categories
included, “< 9 hours, 9 hours a day, 10 hours a day, 11 hours a day, 12 hours a day, 13 hours
a day, and 14 or more hours a day”. In a previous study of this cohort, we validated these
questions by demonstrating their association with childhood obesity.2

Covariates/Confounders—At enrollment, mothers also reported their age in years, their
pre-pregnancy weight and their height, from which we calculated pre-pregnancy body mass
index (BMI), parity, marital status, educational attainment, foreign born status, and annual
household income. After delivery, mothers reported their infants’ gender and race/ethnicity
and the total number of household members.

Statistical Analysis

We first examined unadjusted estimates (in hours/day) of infant sleep duration at 6 months, 1
year, and 2 years by parental and infant risk factors and by sociodemographic characteristics.
We then used multivariable linear regression to assess the independent, main effects of parental
and infant risk factors on sleep duration at each time point. Each preliminary multivariable
model included one of the risk factors of interest (main effects) and all potential confounders.
We assessed for potential confounding by examining effect estimates before and after
individually adding covariates to the models. We removed from the models variables that did
not change the effect estimates by more than 10% and that were not themselves associated with
sleep duration. We assessed for co-linearity by examining standard errors when adding
variables to the models. We kept in our final model covariates that independently predicted
the outcome or acted as confounders. We present effect estimates (B) in units of hours/day and
95% confidence intervals (CI’s).
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In secondary analyses, we examined two additional outcomes available only at 6 months of
age: average daytime nap and average nighttime sleep durations. We conducted all analyses
using SAS, version 9.1 (Cary, North Carolina).

Table 1 and Table 2 summarize parental, household, and infant characteristics of the study
sample. Approximately 30% of infants were of non-white race/ethnicity and the majority of
infants lived in households with an annual income greater than $40,000/year. Infants slept mean
(SD) durations of 12.2 (2.0) h/d at age 6 months, 12.8 (1.6) h/d at age 1 year, and 11.9 (1.3) h/
d at age 2 years. At 6 months, the mean (SD) daytime nap duration was 2.9 (1.2) h/d and mean
(SD) nighttime sleep duration was 9.3 (1.8) h/d.

In bivariate analyses, infants whose parents were single or divorced or who lived in homes
with lower household incomes and lower maternal educational attainment slept less at each of
the 3 time points (Table 3). In addition, black, Hispanic, and other race/ethnicity children slept
fewer hours in a 24-hour period (Table 3). Maternal antenatal depression and total number of
household members were associated with shorter sleep duration at all three time points (Table
3).

In multivariable analyses adjusted for maternal age, parity, and education; household income;
and infant gender and race/ethnicity, we found that maternal antenatal depression, introduction
of solids < 4 months, and infant TV/video viewing were associated with shorter sleep duration
atboth 1 and 2 years of age (Table 4). Infants whose mothers were depressed during pregnancy
slept 0.36 fewer hours/day at 1 year and 0.38 fewer hours/day at 2 years, compared to children
whose mothers were not depressed during pregnancy. Confidence limits were narrow
suggesting that our study had sufficient power to detect an association. Furthermore, the
confidence limits suggest that the range of infant sleep duration was between 0.02 to 0.71 fewer
hours/day if mothers were antenatally depressed. Infants who were introduced to solid foods
< 4 months slept 0.39 fewer hours/day at 1 year and 0.22 fewer hours/day at 2 years. Finally,
for every 1-hour/week of TV/video viewed at ages 1 and 2 years, infants slept 0.11 fewer hours/
day and 0.09 fewer hours/day at 1 and 2 years, respectively (Table 4). Attendance at child care
outside the home was also associated with shorter sleep duration at age 2 years. After
multivariable adjustment, neither number of household members who smoked nor
breastfeeding status at 6 months of age was associated with sleep duration at any time in the
first 2 years of life (Table 4).

Independent of other risk factors of interest, we found that at age 2, black, Hispanic, and Asian
infants slept 0.40 (Confidence Interval [CI]: —0.66 to —0.13), 0.82 (CI: —1.28 to —0.37), and
0.95 (CI:—1.35 to —0.54) fewer hours per day, respectively, than white infants. Black infants
also slept fewer hours at age 6 months (0.94 fewer hours/day) than white children, whereas
Hispanic and Asian infants slept less than white infants at older ages. In secondary analyses
we found that black, Hispanic, and Asian infants slept more hours during daytime naps (0.52
more hours/day for blacks, 0.67 for Hispanics, and 0.64 for Asians) but fewer hours at night
(1.46 fewer hours/day for blacks, —0.81 for Hispanics, and —1.03 for Asians) than white infants
(Figure).

DISCUSSION

Our study identified several potential risk factors during the prenatal, infancy, and early
childhood periods that are associated with infant sleep duration independent of
sociodemographic characteristics. Shorter sleep duration was associated with maternal
depression during pregnancy, introduction of solid foods prior to 4 months of age, infant TV/
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video viewing, and attendance at child care outside the home. Racial/ethnic minority children
slept substantially less than their white counterparts in the first two years of life. At age 6
months, we also observed racial/ethnic differences in daytime nap and nighttime sleep duration.
Whenever possible we examined longitudinal risk factors for sleep duration, but several of our
infant risk factors were cross-sectional and therefore hold the potential for reverse causality
(e.g., mothers whose infants are not sleeping well may be inclined to introduce solids earlier,
and/or increase exposure to TV/video viewing). Our results, however, suggest that various risk
factors, some potentially modifiable, are worthy of clinical consideration when addressing
infant sleep duration.

Our finding that maternal antenatal depression is associated with shorter infant sleep duration
is consistent with prior studies of maternal depression during pregnancy and infant sleep.15
16 |n the existing literature, as well in our analyses, maternal antenatal (rather than postpartum)
depression has been found to be associated with negative impacts on infant sleep. In addition,
this relationship to infant sleep supports the clinical relevance of monitoring perinatal maternal
mood states. Although the mechanisms relating maternal prenatal mood disturbance and infant
sleep have yet to be fully understood, it has been suggested that prenatal maternal anxiety and
depression may lead to increased prenatal stress leading to elevated glucocorticoid secretion.
In animal studies, elevated prenatal exposure to glucocorticoids has been shown to disrupt the
circadian activity of the fetus' hypothalamic pituitary adrenal axis. Thus, it is possible that
exposure to elevated prenatal exposure to glucocorticoids could disrupt infants’ sleep patterns.
16 1t is also possible that maternal depression can influence maternal behavior, which in turn
can impact infant sleep patterns.

In the early infancy period, we found that introduction of solid foods prior to 4 months of age
was associated with shorter sleep duration at ages 1 and 2 years. Although the American
Academy of Pediatrics (AAP) recommends that solid foods be introduced to healthy children
no earlier than 4 to 6 months of age, previous studies have found that parents believe solids
help children sleep better at night, and it is one reason why they introduce solids before 4
months of age.1” To our knowledge, there are no published studies of timing of introduction
of solids and infant sleep duration. Although previous studies have found that breastfeeding is
associated with frequent night waking and shorter sleep duration during infancy, 18721 we did
not find an association between breastfeeding and infant sleep duration.

Consistent with previous studies of older children,® 22: 23 we found that TV/video viewing
was associated with shorter sleep duration at 1 and 2 years of age. Although the effect estimates
of these associations are small, if the relationship between TV viewing and sleep loss track
throughout childhood, the observed small magnitudes of effect could be additive throughout
the child’s lifecourse. In this context of potential chronic sleep loss, even risk factors during
infancy may be clinically relevant and merit awareness by clinicians. Numerous mechanisms
have been proposed by which TV/video viewing may disturb children’s sleep including
disruption of regular sleep schedules 2 and our findings support the AAP guidelines 24 of no
TV viewing in infancy. We also observed a trend of shorter sleep duration among infants who
attended child care outside of their home in the first two years of life. Child care outside of the
home may present new challenges for infants, such as longer periods of parent-child separation
that may influence their daily routine and sleep-wake schedules. It is also possible that parents
might not be aware of the duration of naps during the day while at child care and could report
fewer hours of total sleep duration. Infants might also have long naps while in child care which
could shorten their nighttime sleep. Finally, we can not rule out the possibility of reverse
causation, i.e. perhaps child care schedules required infants to be woken up earlier. To our
knowledge, no previous studies have examined the relationship between child care attendance
and infant sleep duration.
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In unadjusted analyses, exposure to cigarette smoke, i.e. maternal smoking during pregnancy
and at each time point measured in infancy, and total number of smoking household members,
was associated with shorter sleep duration in infancy. However, in multivariable models
adjusted for sociodemographic characteristics, the relationship between cigarette smoke
exposure and sleep duration was attenuated. Previous studies have found an association of
maternal prenatal smoking and smoking in early infancy with shorter sleep duration among
infants. 11 25 Our findings suggest that the observed association between smoking and sleep
duration may be, in part, explained by parental sociodemographic characteristics.

We found substantial racial/ethnic differences in sleep duration in the first two years of life.
Already by 6 months of age, black infants were sleeping almost 1 hour less than white children
with significant differences in daytime nap and nighttime sleep durations. By age 2 years, sleep
duration was shorter among black, Hispanic, and Asian children than among their white
counterparts. Our findings persisted even after adjusting for potential confounders including
sociodemographic characteristics. Our findings of racial/ethnic differences in daytime nap
duration are consistent with those of older children.2%: 27 In a study of 2- to 8-year-old children,
Crosby et al.2 found that black children took daytime naps on more days per week and had
shorter nighttime sleep duration than non-Hispanic white children. However, total weekly sleep
duration was similar for the 2 racial groups. Among 2- to 5-year-old children, Lavigne et al.
27 found that racial/ethnic minority children napped longer and more often and spent less time
sleeping at night than non-Hispanic white children, but also with comparable total sleep
durations. The findings of our study differ in that less nighttime sleep among black children at
6 months of age was not balanced by longer daytime naps.

Viewed collectively with prior studies; our results suggest that racial/ethnic differences in sleep
duration may extend to infancy. It is possible that the observed differences may reflect
culturally distinct parental beliefs and practices regarding sleep. Previous studies have shown
racial/ethnic differences in children’s bedtime routines, sleep location, and mothers’ level of
concern about their child’s sleep.?8 In addition, a study of 2- to 7-year-old children found
African-Americans to have later bedtimes than whites with similar wake times, resulting in
shorter sleep duration, independent of socioeconomic status. 2° Given the number of adverse
health outcomes related to short sleep duration, including obesity and cardiovascular disease
which are more prevalent in racial/ethnic minorities, our findings indicate a need to better
understand the mechanisms relating race/ethnicity to sleep duration.

Our study had several strengths including the ability to examine a broad range of potential
predictors and possible confounders in a large, pre-birth cohort of mother-infant pairs. Our
study also had limitations. First, we measured sleep duration by mother’s report on the
questionnaires as opposed to using an objective measure of sleep such as actigraphs or diaries.
Although parental report has its limitations, a previous validation study among infants found
that parental report of total sleep duration was significantly associated with infants having
severe sleep problems, and was found to be a clinically useful measure to determine if a child
needs subspecialty referral for sleep evaluation.3 In addition, potential bias exists for the
reporting of sleep duration in our study. For example, antenatal depression could lead to
postnatal depression and result in a systematic misreporting of infant sleep (~30% of our
women who were depressed during pregnancy also reported being depressed at age 6 months
and 1 year). Second, we did not measure infant sleep quality measures or other key sleep-
related data, e.g. number of nighttime awakenings, sleep location/environment, bedtime
routines, co-sleeping, crowding, or parental perceptions of sleep, all of which may be related
to sleep duration. Third, although mothers in the study had diverse racial/ethnic backgrounds,
their education and income levels were relatively high. Our results may not be generalizable
to more socioeconomically disadvantaged populations. Finally, in any observational study it
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is possible that statistically significant associations may be surrogates for other risk factors
and/or residual confounding may be present.

CONCLUSIONS

Our findings regarding maternal antenatal depression, early introduction of solid foods, TV/
video viewing, and child care attendance are likely to be of importance to pediatricians and
public health researchers interested in potential targets for intervention to improve infant sleep
duration. Our study also suggests the need to better understand the factors leading to racial/
ethnic differences in sleep duration and their impact on health outcomes.
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Figure.
Racial/Ethnic Differences in Infant Sleep Duration (Hours/Day) at Age 6 Months. Data from
1676 Project Viva Participants.
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Table 1

Page 10

Parental and Household Characteristics of Participants at Ages 6 Months, 1 Year, and 2 Years. Data from 1676

Participants in Project Viva.

Characteristic Mean (SD) or N (%)
Parental and Household Characteristics

Maternal age (years) at enrollment 32.3(5.0)
Maternal pre-pregnancy BMI (kg/m?) 24.8 (5.3)
Parity at enrollment

>1 862 (51.4)

0 814 (48.6)
Mother born outside the U.S.

No 1330 (80.8)

Yes 316 (19.2)
Marital status

Married or cohabitating 1352 (95.8)

Other 59 (4.2)
Maternal Education

> College graduate 1165 (69.8)

< College graduate 503 (30.2)
Household Income

> $40,000/year 1334 (79.6)
< $40,000/year 191 (11.4)

Don’t know/missing 151 (9.0)
Maternal depression

Antenatal depression 128 (9.2)

Depression at 6 months postpartum 118 (8.4)

Depression at 1 year postpartum 77 (6.4)
Maternal smoking status (% yes)

Smoked during pregnancy 179 (11.2)
Smoked at 6 months postpartum 76 (5.4)
Smoked at 1 year postpartum 64 (5.3)
Smoked at 2 years postpartum 68 (5.0)
Number of household members who smoked

0 1478 (88.3)

1 157 (9.4)
>2 38(2.3)
Total number of household members 39(1.2)
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Table 2

Infant Characteristics and Sleep Patterns at Ages 6 Months, 1 Year, and 2 Years. Data from 1676 Participants in
Project Viva.

Characteristic Mean (SD) or N (%)

Infant Characteristics

Gestational age at delivery (wks) 39.5(1.8)
Birth weight for gestational age z-score 0.20 (0.97)
Male gender 851 (50.8)

Race / ethnicity

White 1137 (68.0)
Black 235 (14.1)
Hispanic 85 (5.1)
Asian 64 (3.8)
Other 150 (9.0)

Excellent / Very Good General health

at 6 months 1342 (94.4)
at 1 year 1121 (91.5)
at 2 years 1247 (91.4)

Feeding type at age 6 months

Breast only 361 (21.5)
Mixed breast and formula 401 (23.9)
Weaned 728 (43.4)
Formula only 186 (11.1)

Introduction of solid foods

1duasnue Joyiny vd-HIN

< 4 months 249 (17.4)

>4 months 1182 (82.6)

Child TV / Video viewing (hrs/wk)

at 6 months 0.89 (1.21)
at 1 year 1.20 (1.46)
at 2 years 1.44 (1.22)

Any child care outside the home

at 6 months 719 (42.9)
at 1 year 604 (49.2)
at 2 years 733 (53.9)

Infant Sleep Duration (hrs/day)

at 6 months 12.2 (2.0)
at 1 year 12.8(1.6)
at 2 years 11.9(1.3)

1duosnue Joyiny vd-HIN
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Bivariate Associations of Parent, Household, and Infant Characteristics with Infant Daily Sleep Duration at 6

Table 3

Months, 1 Year, and 2 Years of Age. Data from 1676 Participants in Project Viva.

Characteristic

6 Months

1 Year

2 Years

Parental and Household Characteristics

Estimate in Hours/Day (95% Confidence Intervals)

Maternal age (per 5 years)

0.02 (-0.08 t0 0.12)

0.00 (~0.09 to 0.09)

0.04 (-0.03 t0 0.11)

Maternal pre-pregnancy BMI (kg/m?)

~0.03 (~0.05 to —0.01)

—0.03 (~0.04 to —0.01)

~0.03 (~0.04 to —0.02)

Parity

Ov.>1

~0.15 (~0.34 t0 0.04)

~0.08 (~0.26 t0 0.10)

0.22 (0.09 to 0.35)

Mother born outside the U.S.

Yesv. No

~0.05 (~0.29 to 0.20)

~0.20 (0.4 t0 0.04)

—0.34 (-0.51t0 —0.17)

Marital status

Not married v. Married or cohabitating

~0.59 (~1.10 to —0.08)

0.57 (-0.97 to —0.17)

~0.64 (~0.92 to —0.36)

Maternal Education

< College graduate v. > College graduate

~0.46 (~0.67 t0 —0.25)

0.25 (~0.45 to —0.04)

~0.49 (~0.63 to —0.34)

Household Income

< $40,000/year v. > $40,000/year

—0.72 (-1.02 to —0.41)

0.55 (~0.84 to —0.26)

~0.60 (~0.81 to —0.40)

Maternal depression

Antenatal depression

Yes v. No

~0.61 (~0.96 to —0.26)

0.39 (-0.72 to —0.06)

~0.70 (~0.94 to —0.45)

Depressed at respective time point

Yes v. No

~0.38 (-0.75 to —0.01)

~0.09 (~0.47 t0 0.28)

NA

Smoked during pregnancy

Yes v. No

~0.27 (-0.58 t0 0.04)

~0.09 (~0.40 t0 0.21)

~0.39 (~0.62 to ~0.16)

Smoking status at respective time point

Yes v. No

~0.02 (-0.48 10 0.43)

~0.18 (-0.58 t0 0.23)

~0.40 (~0.70 to —0.09)

Number of household members who
smoked

1v.0

—0.21 (-0.54 t0 0.12)

—0.01 (-0.34 t0 0.31)

~0.28 (~0.50 to —0.06)

>2v.0

~0.44 (-1.09 t0 0.20)

~0.22 (-0.76 t0 0.32)

~0.85 (-1.33 to —0.36)

Total number of household members

~0.09 (~0.17 to —0.01)

0.12 (-0.21 to —0.04)

~0.10 (~0.16 to —0.04)

Infant Characteristics

Gestational age at delivery (wks)

0.02 (—0.03 t0 0.07)

0.03 (—0.02 to 0.08)

0.02 (—0.01 to 0.06)

Birth weight for gestational age z-score

0.18 (0.09 to 0.28)

0.07 (-0.03 t0 0.16)

0.06 (0.01 to 0.13)

Gender

Male v. Female

~0.08 (-0.28 10 0.11)

~0.06 (~0.24 10 0.12)

~0.11 (~0.24 t0 0.03)

Race / ethnicity

Black v. White

-0.93 (-1.21 to —0.66)

0.91 (-1.19 to —0.63)

~0.86 (~1.05 to —0.67)

Hispanic v. White

—0.55 (-0.99 to —0.12)

0.59 (~1.05 to —0.13)

~1.06 (-1.39 to ~0.72)

Asian v. White

~0.70 (~1.19 to —0.20)

0.53 (~1.05 to —0.02)

~0.74 (-1.10 to —0.37)
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Characteristic

6 Months

1 Year

2 Years

Parental and Household Characteristics

Estimate in Hours/Day (95% Confidence Intervals)

Other v. White

~0.32 (~0.66 t0 0.01)

0.50 (~0.79 to —0.21)

~0.50 (-0.71 t0 ~0.29)

General health

Good / Fair v. Excellent / Very Good

~0.67 (-1.11t0 -0.22)

~0.50 (~0.82 to —0.18)

~0.43 (0.67 t0 ~0.19)

Feeding type at 6-months of age

Any breastfeeding v. No breastfeeding

0.05 (-0.14 t0 0.24)

0.02 (~0.17 t0 0.20)

0.20 (0.07 to0 0.33)

Introduction of solid foods

< 4 months v. > 4 months

~0.20 (~0.47 t0 0.07)

~0.38 (~0.64 t0 —0.12)

~0.41 (-0.60 t0 —0.22)

Child TV / Video viewing (hrs/wk)

~0.06 (~0.14 t0 0.02)

~0.12 (-0.19 to —0.06)

-0.13 (-0.19 to —0.08)

Any child care outside the home

Yes vs. No

-0.12 (-0.32 10 0.07)

~0.30 (-0.48 t0 —0.12)

-0.22 (~0.35 to —0.08)

NA = data not available
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Table 4

Page 14

Multivariable Linear Regression Models™ for Daily Sleep Duration Outcomes at 6 Months, 1 Year, and 2 Years
of Age. Data from 1676 Participants in Project Viva.

Characteristic

6 Months

1 Year

2 Years

Parental Risk Factors

Estimate in Hours/Day (95% Confidence Intervals)

Maternal Antenatal Depression

Yesv. No

~0.23 (~0.61 to 0.15)

-0.36 (~0.71 t0 —0.02)

~0.38 (-0.63 t0 ~0.12)

Number of household members who
smoked

~0.09 (~0.38 to 0.20)

0.06 (~0.19 t0 0.31)

~0.16 (~0.36 to 0.04)

Infant Risk Factors

General health

Good / Fair v. Excellent / Very Good

~0.73 (-1.20 to —0.26)

~0.32 (~0.69 t0 0.04)

-0.11 (-0.38 t0 0.16)

Feeding type at 6-months of age

Any breastfeeding v. No breastfeeding

-0.15 (-0.37 10 0.07)

~0.17 (-0.37 t0 0.03)

-0.02 (-0.17 t0 0.13)

Introduction of solid foods

< 4 months v. >4 months

~0.05 (~0.35 t0 0.24)

-0.39 (-0.67 to —0.11)

-0.22 (-0.42 to —0.01)

Child TV / Video viewing (hrs/wk)

~0.07 (~0.16 to 0.02)

-0.11 (~0.18 to —0.04)

~0.09 (~0.15 t0 ~0.02)

Any child care outside the home

Yesv. No

~0.04 (0.26 t0 0.18)

~0.18 (0.37 t0 0.02)

-0.18 (0.32 to —0.04)

*
Adjusted for maternal age, parity, and education; household income; and infant gender and race/ethnicity.
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