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Multidimensional sleep health during pregnancy-
The influences of prenatal depression and experiences of racial discrimination

Wei-Hsin Hsiao, PhD

University of Pittsburgh, 2022

Poor sleep health in pregnancy is associated with pregnancy complications including
gestational diabetes and hypertension. Studies have predominantly assessed sleep health in
pregnancy by its quality and duration. More recent studies have defined sleep health to be
multidimensional. It is important to characterize multidimensional sleep health and identify risk
factors to improve sleep health in pregnancy.

The first goal of this dissertation was to characterize sleep health in pregnancy through
individual dimensions and composite sleep health score. The second and third goals were to
identify risk factors related to poor sleep health during pregnancy, including prenatal depression
and the experiences of racial discrimination. We used data from the Nulliparous Pregnancy
Outcome Study: Monitoring Mothers-to-Be (nuMomz2b). Sleep was characterized through
satisfaction, duration, daytime sleepiness, continuity, timing, and bedtime, waketime, and
midpoint sleep regularity. To describe multidimensional sleep health, we created the composite
sleep health score by summing z scores centering from the specified cutoffs for each dimension.
Prenatal depression was assessed using the Edinburgh Postnatal Depression Scale (EPDS). We
identified cross-sectional and longitudinal associations between prenatal depression and sleep
health in early and mid-pregnancy. The experiences of racial discrimination were measured using
the Experiences of Discrimination (EOD) scale. We identified the associations between the

experiences of racial discrimination and sleep health in early and mid-pregnancy.



Our findings suggested that the multidimensional sleep health was consistent from early to
mid-pregnancy with changes in specific dimensions. There were declines in satisfaction, duration,
and continuity while timing was consistent, and regularity improved from early to mid-pregnancy.
There were cross-sectional and longitudinal associations between prenatal depression and
satisfaction, duration, sleepiness, continuity, timing, and composite sleep health score. We also
found associations between the experiences of racial discrimination and satisfaction, sleepiness,
and composite sleep health score during pregnancy.

The completion of the dissertation informs multidimensional sleep characteristics in
pregnancy. The findings also support the consideration of maternal mental health and racial
discrimination as potential risk factors to improve sleep health during pregnancy under individual
dimensions and multidimensional sleep health, which may further reduce adverse maternal health

outcomes attributed to poor sleep health during pregnancy.



Table of Contents

1.0 INEFOAUCTION ...ttt b b r et b e an e r e 1
1.0 OVBIVIBW. ..ttt bbbt b et n et eb b n e nn e 1

1.2 Sleep Health iN PregnancCy ..ot 3
1.2.1 The Introduction of Multidimensional Sleep Health...............ccccoeiiiiinene 3

1.2.2 Measurement of Sleep Health ... 5

1.2.3 The Epidemiology of Sleep Health During Pregnancy ...........cccccceevveveinennn. 10

1.2.4 Factors Contributing to Poor Sleep Health During Pregnancy..................... 13

1.2.5 Health Consequences Associated with Poor Sleep Health During Pregnancy

....................................................................................................................................... 19

1.2.6 Current Research in Sleep Health During Pregnancy ...........cccecevvevviienen, 21

1.3 Prenatal DEPIESSION.........ccviiiiciecie ettt re e be e e sreenas 25
1.3.1 The Epidemiology of Prenatal Depression..........ccccoevveieiieiecie s e 26

1.3.2 Measurement of Prenatal Depression ..........cccooveveiieiieie e 27

1.3.3 Prenatal Depression and Sleep Health During Pregnancy............ccccccveveuen. 29

1.4 Racism and Racial DIiSCrimiNatioN...........c.cooeiiiriiinencisseeee e 37
1.4.1 The Introduction of Racism and Racial Discrimination ...........c.cccccoeevenne, 37

1.4.2 Measurement of Racial DiSCrimination ............ccoceoveiieienencieneseseeeee 40

1.4.3 Racial Discrimination and Sleep health During Pregnancy............ccc.ccccue..... 43

1.5 RESEAICIN GAPS .. veeivieeiee ittt e e annas 46

2.0 Proposed RESEAIC ATMS ........iiiie ittt e et e et e e s ae e sreeabeesraeereeas 50
BL0 IMIBENOUS. ... 52



3.1 OVErVIieW OF the PrOJECT.......cciiieiiee st 52

3.2 SUAY POPUIALION ...t ns 53
3.3 DAta COlIECTION.......cuiitiiciieei bbb 54
3.4 Measures OF INTEIEST ... 55
3.5 Statistical ANalySiS PIan ..........ccoiieiiiiiice et 60
4.0 Potential LIMITATIONS ......c.oiviiiiiiicisiiese st 63
5.0 Public Health Implications and INNOVALION............cccccoeiieiiiic i 64

6.0 Aim 1. Multidimensional Sleep Health during Nulliparous Pregnancy: A

Prospective CONOIT STUAY ........ccociiiieiicce ettt re e e e 66
B.1 ADSEIACT ...ttt 66
6.2 BACKGIOUNG .......ocoeeiice ettt te e re e eneenas 67
B.3 IMEENOAS ... 69
B.4 RESUITS ...ttt bbb bbbttt 74
8.5 DISCUSSION ...tttk bbbt b bbbttt n e b e 79
8.6 CONCIUSION ...ttt bbbt e et b e 84
6.7 AiM 1 Tables and FIQUIES .......coooiiiiiie et 85

7.0 Aim 2. The Association Between Prenatal Depression and Sleep Health in

NUIIPAIrOUS PFrEONANCY ....c.veiviiivieiie ettt st ta e sbe et sreesteeeesraesraeneeas 98
T L ADSEFACT ...ttt 98
L =T Tod (o | o] U g o [PPSR 99
T3 IMEENOUS ... 103
T4 RESUITS ... ettt 111
7.5 DISCUSSION ...ttt bbbt e bbbt b nneene s 119

vii



AL T O o] T 1115 o o RS SRSRRPRN 122
7.7 AIM 2 Tables @nNd FIQUIES .......cviiieiecie ettt 123

8.0 Aim 3. The Association Between Racial Discrimination and Multidimensional

Sleep Health in NUlliparous Pregnancy .........ccccvoeiieieeieiecse e 134
8L ADSTIACT ...t 134

8.2 BACKGIOUN .......ocuiiiicie ettt ettt e e b e aeeneesneeee s 136

8.3 MELNOAS ... 140

B RESUITS ...ttt bt n et 147

8.5 DISCUSSION ...tttk ettt b bbb et n et 156

8.6 CONCIUSION ...ttt bbbttt n e n s 160

8.7 AIM 3 Tables anNd FIQUIES .......cc.oiiiiicie et 161

9.0 DIISCUSSION. ...tttk bbbtk etk bbbt b b et b bbb n e b r e 173
9.1 Summary of Research ODJECLIVES ..........ccovveiiiiiie e 173

9.2 Summary of Research FINAINGS ........cccoooiiiiiiiiccece e 175

9.3 Strengths and LimiItatioNns ...........cccccveiiiiiiicic e 182

9.4 Public Health Implications and Future DireCtions............ccccccevvveveivieiecse e 184

10.0 CONCIUSION ...tttk bbbt e et 187
11.0 ACKNOWIEAGEMENT ......c.viiiicieeee ettt sre et e e ae e sreesreenee e 188
I AN o] o 1=T a0 Lo OSSR 189
(27T o] [oTo] =10 0 |V PSPPSR 226

viii



List of Tables

Table 1. Sleep Parameters Assessed Among Studies Quantifying Pregnant People’s Sleep
Health (Adapted from Ladyman & Signal, 2018)........cccccceevveiviiiiieiecie e 24

Table 2. Sleep Parameters Assessed Among Studies Assessing the Relationship Between

Prenatal Depression and Sleep DUring Pregnancy ..........cccccvevvevieveeneereseeseesiesee s 35
Table 3. Data Availability for Completion of Study AiMS .......cccccceviiiieiiiecee e 55
Table 4. Definitions of Each Component of Multidimensional Sleep Health........................ 57
Table 5. Aim 1 Demographic Characteristics of the Study Sample...........cccooeveiiiiieieeenn, 89

Table 6. Aim 1 Description and Changes of Sleep Dimensions from Early to Mid-pregnancy

Table 7. Aim 1 Composite Sleep Health score of the Overall Sample, by Age and Race
1 o LT | OSSPSR 92
Table 8. Aim 1 Changes of Sleep Dimensions Between Study Visit 1 and 3 by Age............. 93

Table 9. Aim 1 Changes of Sleep Dimensions Between Study Visit 1 and 3 by Race Ethnicity

EPDS STALUS......eeuiiieiecte ettt sttt ettt e st neeneeneas 125
Table 11. Aim 2 Prenatal Depression Status in Early and Mid-pregnancy .............ccc....... 127
Table 12. Aim 2 Sleep Health in Early and Mid-pregnancy..........cccccceevvevieiceesiecsec s, 127

Table 13. Bivariable Estimates of the Cross-sctional Associations Between Prenatal

Depression and Multidimensional Sleep Health ... 128



Table 14. Adjusted Coefficient Estimates in the Cross-sectional Association Between
Prenatal Depression and Sleep Health in Pregnancy ...........ccccocvevevieiecic e, 129
Table 15. Adjusted Odds Ratios in the Cross-sectional Association Between Prenatal
Depression and Sleep Dimensions Categorized by Specified Cutoffs in Pregnancy130
Table 16. Bivariable Estimates of the Longitudinal Associations Between Prenatal
Depression and Multidimensional Sleep Health ..., 131
Table 17. Adjusted Coefficient Estimates in the Longitudinal Association Between Prenatal
Depression in Early Pregnancy and Sleep Health in Mid-Pregnancy ..................... 132
Table 18. Adjusted Odds Ratios in the Longitudinal Association Between Prenatal
Depression in Early Pregnancy and Sleep Dimensions Categorized by Specified
CUtoffs IN Mid-PregNanCy .........coccoieiiiiieieeie e sre e sre e 133
Table 19. Aim 3 Demographic Characteristics of the Study Sample- Overall and by the
Experiences of Racial Discrimination ............c.ccccoviiiiieie e 163

Table 20. Aim 3 Descriptive Statistics of the Experiences of Racial Discrimination by Racial

Table 22. Bivariable Estimates of the Association Between the Experiences of Racial
Discrimination and Multidimensional Sleep Health- Overall Sample..................... 167
Table 23. Adjusted Coefficient Estimates in the Associations Between Racial Discrimination
Experiences and Sleep Health in Pregnancy- Overall Sample ............ccccooeeiiennnnn 168
Table 24. Adjusted Odds Ratios in the Associations Between Racial Discrimination
Experiences and Sleep Dimensions Categorized by Specified Cutoffs in Pregnancy-

OVEIall SAMPIE ... e re e 169



Table 25. Bivariable Estimates of the Association Between the Experiences of Racial
Discrimination and Multidimensional Sleep Health- Non-Hispanic Black, Hispanics,
Asians, and Other Races (American Indian, Native Hawaiian, Multiracial).......... 170

Table 26. Adjusted Coefficient Estimates in the Associations Between Racial Discrimination
Experiences and Sleep Health in Pregnancy- Non-Hispanic Black, Hispanics, Asians,
and Other Races (American Indian, Native Hawaiian, Multiracial) ...................... 171

Table 27. Adjusted Odds Ratios in the Associations Between Racial Discrimination
Experiences and Sleep Dimensions Categorized by Specified Cutoffs in Pregnancy-
Non-Hispanic Black, Hispanics, Asians, and Other Races (American Indian, Native
Hawaiian, MUILIracial) ..........ccooeiiiiiic e 172

Appendix Table 1. Aim 1 Demographic of Samples with Some Sleep Data and Complete Case
SAIMPIES <.ttt 189

Appendix Table 2. Aim 1 Description of Each Sleep Dimension in Samples with Some Sleep

Data and the Complete-case SAMPIE ... 191
Appendix Table 3. Spearman Correlation Between Covariates...........ccccovveiiincrcinncnns 192
Appendix Table 4. Variance Inflation Factor (VIF) across Covariates............cccccoevvvrenene 193

Appendix Table 5. Aim 2 Sensitivity Analysis for the Adjusted Estimates of the Associations
Between Prenatal Depression and Sleep Health During Pregnancy- Removed
Prepregnancy BIMI.... ... 194

Appendix Table 6. Aim 2 Demographic Characteristics of the Overall Sample and the
Sample with some but Incomplete Data............ccocveiiieiiieieneee e 197

Appendix Table 7. Aim 2 EPDS Status of the Overall Sample and the Sample with some but

INCOMPIETE DAL .......oviiiiiiiiiiceee bbb 199

Xi



Appendix Table 8. Aim 2 Sleep Health of the Overall Sample and the Sample with some but
INCOMPIETE DALA ..o re e e sre et 200
Appendix Table 9. Bivariable Estimates of the Cross-Sectional Associations Between
Prenatal Depression and Multidimensional Sleep Health Among Participants who
had Data in Specific Sleep Dimension, Excluding the Complete Case Sample 2..... 203
Appendix Table 10. Bivariable Estimates of the Longitudinal Associations Between Prenatal
Depression and Multidimensional Sleep Health Among Participants who had Data in
Specific Sleep Dimension, Excluding the Complete Case Sample @...........c..cccve... 204
Appendix Table 11. The Exploratory Analysis on Specified Cutoff for Racial Discrimination
Experiences on Sleep Health Outcomes — Using Sample ..........ccccoevvvevieiieiieceenenn, 205
Appendix Table 12. Bivariable Estimates of the Association Between the Experiences of
Racial Discrimination and Multidimensional Sleep Health by each Racial Group 206
Appendix Table 13. Descriptive Statistics of the Counts of Situations in Racial
Discrimination Experiences at all Cutoffs — Using Sample with Complete Data ... 214
Appendix Table 14. Aim 3 Demographic Characteristics of the Study Sample — Overall and
by the Experiences of Racial DisCrimination.............ccccccvvveiiiieii i 215
Appendix Table 15. Aim 3 Descriptive Statistics of Racial Discrimination Experiences in
Overall Sample and by Racial Groups-Sample with some but Incomplete Data ... 217
Appendix Table 16. Aim 3 Sleep Health of the Overall Sample and the Sample with some but
INCOMPIELE DALA ..o e ra e 219
Appendix Table 17. Bivariable Estimates of Cross-Sectional Associations between Racial

Discrimination Experiences and Multidimensional Sleep Health Among Participants

xii



who had Data in Specific Sleep Dimensions, Excluding the Complete Case Sample @
Appendix Table 18. Bivariable Estimates of the Cross-Sectional Associations between Racial
Discrimination Experiences and Multidimensional Sleep Health Among Participants
who had Data in Specific Sleep Dimension, Excluding the Complete Case Sample 2 —
Non-Hispanic Black, Hispanics, Asians, and other Races (American Indian, Native

Hawaiian, MUILIracial) ..........ccooeiiiiicc e 224

Xiii



List of Figures

Figure 1. The Overall and Individual Dissertation AiMS...........ccccvieevieeiesieese e 2

Figure 2. Different Levels of Factors Contributing to Poor Sleep Health During Pregnancy

Figure 3. Levels of Racism (Adapted from Jones, 2000) ..........cccevveireiieeneeriesieseesie e seennens 39
Figure 4. The Conceptual Framework of Racial Discrimination on Mental Health and Sleep

Health During Pregnancy (Adapted from Williams & Mohammed, 2013) .............. 44
Figure 5. Concept Diagram of RESEArCh Gaps........cccvcvveiieieiieiie e 49

Figure 6. Overall Conceptual Model Based on Prior Studies and Variables, Associations of

INEEIEST ... 49
Figure 7. Proposed RESEAICN AIMS..........cciiiii ittt e e sre e e sre e 52
Figure 8. Participant FIOWCNAIT .............cooiiiiiic e 54
Figure 9. Dissertation Aims and FUture DIFreCtioNnS...........cccoovveiieiieiciec s 65
Figure 10. Aim 1 Participant FIOWChart ... 85

Figure 11. Percentage of Categorized Sleep Dimensions in Early and Mid-pregnancy by Age

Figure 12. Percentage of Categorized Sleep Dimensions in Early and Mid-pregnancy by Race

EtNNICITY GrOUPS ...iivieie et e e e beeaneas 87
Figure 13. Aim 2 Participant FIOWChart............c.ccoovi oo 123
Figure 14. DAG for Prenatal Depression, Sleep Health, and Covariates.............ccccceveenen. 124
Figure 15. Figure 15. Aim 3 Participant Flowchart..............ccocoiiiiiiiii e 161
Figure 16. DAG for Racial Discrimination, Sleep Health, and Covariates ...............cc...... 162

Xiv



Figure 17. Public Health Implications and Future Directions for Sleep Health Improvement

LT o =0 =TT SRS 186

XV



1.0 Introduction

1.1 Overview

Poor sleep health in pregnancy is associated with pregnancy complications including
gestational diabetes and hypertension. Sleep health during pregnancy has been described
predominantly with sleep quality and duration. More recent studies have defined sleep health to
be multidimensional. It is important to characterize multidimensional sleep health and identify risk
factors to improve sleep health in pregnancy.

The first goal of this dissertation was to characterize sleep health in pregnancy through
individual dimensions and multidimensional sleep health. The second and third goals were to
identify risk factors related to poor sleep health during pregnancy, including prenatal depression
and the experiences of racial discrimination. We used data from the Nulliparous Pregnancy
Outcome Study: Monitoring Mothers-to-Be (nuMom2b). Sleep was characterized through
satisfaction, duration, sleepiness, continuity, timing, and bedtime, waketime, and midpoint sleep
regularity. We created the composite sleep health score to represent multidimensional sleep health
by summing z scores centering from the specified cutoffs for each dimension. Prenatal depression
was assessed using the Edinburgh Postnatal Depression Scale (EPDS). We identified cross-
sectional and longitudinal associations between prenatal depression and sleep health in early and
mid-pregnancy. The experiences of racial discrimination were measured using the Experiences of
Discrimination (EOD) scale. We identified the associations between the experiences of racial

discrimination and sleep health in early and mid-pregnancy.



Our findings suggested that the multidimensional sleep health was consistent during
pregnancy with changes in specific dimensions. There were declines in satisfaction, duration, and
continuity while timing was consistent, and regularity improved from early to mid-pregnancy.
Pregnant people with probable prenatal depression had poorer satisfaction, duration, sleepiness,
continuity, timing, and multidimensional sleep health than those without. We also found that
pregnant people with more racial discrimination experiences had poorer satisfaction, sleepiness,
and multidimensional sleep health than those with low to no experiences of racial discrimination.

The completion of the dissertation informs multidimensional sleep characteristics in
pregnancy. The findings support the consideration of prenatal depression and racial discrimination
as risk factors to improve sleep health during pregnancy under individual dimensions and
multidimensional sleep health, which may further reduce adverse maternal health outcomes

attributed to poor sleep health during pregnancy. (Figure 1)

[ To improve sleep health in pregnancy ]

l
{ v

[ Understand sleep health in pregnancy ] [ Identify factors for sleep health in pregnancy ]
y \J v
[ Describe multidimensional sleep health in pregnancy ] Personal factor [ Social/interpersonal factor ]
v v Y v
[ Indivial sleep dimensions ] [ Composite sleep health ] [ ] [ ]

Figure 1. The Overall and Individual Dissertation Aims



1.2 Sleep Health in Pregnancy

In this section, we will discuss the epidemiology of sleep health during pregnancy. First,
we will introduce the concept of multidimensional sleep health. Why is it important to characterize
multidimensional sleep health in pregnancy? Then we will review the literature on risk factors and
health consequences for poor sleep health during pregnancy. Finally, we will review the current
research on sleep patterns during pregnancy and research gaps in describing multidimensional

sleep health during pregnancy.

1.2.1 The Introduction of Multidimensional Sleep Health

Sleep is a multidimensional pattern of sleep-wakefulness

Sleep health was not well defined in sleep medicine. For example, Healthy People 2020
listed sleep health as one of the health objectives, but the definition was not specified. Instead,
poor sleep health was only identified as sleep disorders, such as short sleep duration or sleep-
disordered breathing (Healthy People 2020). Sleep quality is one of the most often used terms for
measuring sleep in sleep medicine, but we do not have a general definition of sleep quality and
global guidance to characterize poor, fair, or good sleep quality (Krystal & Edinger, 2008; Ohayon
etal., 2017).

Buysse, 2014 indicated the need to define sleep health. According to the summary, sleep
health is defined as "a multidimensional pattern of sleep-wakefulness, adapted to individual, social
and environmental demands, that promotes physical and mental well-being." (Buysse, 2014).
Under this definition, multidimensional sleep health covers several sleep dimensions: regularity,

satisfaction, alertness, timing, efficiency, and sleep duration (Buysse, 2014). Multidimensional



sleep health can be assessed through both objective and subjective measurements (Buysse, 2014;
Buysse, 2010).

Multidimensional sleep health has been characterized and in association with health among non-

pregnant populations

Sleep research has implemented the concept of multidimensional sleep health in non-
pregnant populations. One recent study has explored the factors including timing, efficiency,
duration, sleepiness, and regularity to include in multidimensional sleep health among older adults
using the actigraphy data (Wallace et al., 2021). Prior studies have also provided evidence on
characterizing multidimensional sleep health in non-pregnant populations and used it as a predictor
for health outcomes (Dong et al., 2019; Wallace et al., 2019). For example, Dong et al.’s study
characterized multidimensional sleep health among adolescents (n=176) to examine its association
with mental and physical health outcomes. The results have shown the association between
multidimensional sleep health and emotional (i.e., depression, anxiety), cognitive (i.e., academic
performance) outcomes, and obesity among adolescents (Dong et al., 2019). A national, cross-
sectional survey among Australian adults have found better multidimensional sleep health
associated with better quality of life (OR=1.11, 95%CI: 1.08-1.14) and less chronic depressive
symptoms (OR=1.20, 95%CI: 1.17-1.23) (Appleton et al., 2022) A study assessing sleep health
through actigraphy and 1-week sleep diaries have examined the relationship between sleep health
and gait speed among older adults (Tighe et al., 2021). In another study among older adults ages
65 to 99 years indicated multidimensional sleep as a significant predictor for all-cause and
cardiovascular mortality (Wallace et al., 2019). The concept of multidimensional sleep health has
also been applied as an outcome among non-pregnant population. A longitudinal study of middle-

aged women across U.S. nation has found that depressive symptoms were associated with poorer



multidimensional sleep health (p<.0001) and individual sleep dimensions including lower
alertness (p<.0001) and satisfaction (p<.0001) (Bowman et al., 2021). While multidimensional
sleep health has been examined in non-pregnant populations, the findings on multidimensional
sleep health in pregnant populations are limited. In the later sections, we will list a few
measurement tools for sleep health that are widely used in current sleep research and describe prior
studies on multidimensional sleep health during pregnancy. We will also describe why it is

important to describe multidimensional sleep health during pregnancy.

1.2.2 Measurement of Sleep Health

There are various methods to assess sleep, either through objective or subjective
assessments. Objective assessments, such as polysomnography and accelerometers, are able to
collect biological changes, sleep efficiency, timing, and duration during sleep. Subjective
measurement tools are better at capturing one’s sleep satisfaction and are able to assess sleep across
a longer time period. In this section, we will be introducing a few sleep measurement tools below
that have been applied in previous studies targeting pregnant populations.

Obijective assessment

Polysomnography (In-home/In-lab)

Polysomnography is the gold standard of sleep measurement. It is a comprehensive sleep
assessment consists of electroencephalogram (i.e., brain electrical activity), electrooculography
(i.e., eye movement and wakefulness), electromyogram (i.e., detect limb movements), airflow and
respiratory effort assessment, cardiac monitoring, and oxygenation measurement (i.e., monitor
blood oxygen) (Jafari & Mohsenin, 2010; Rundo & Downey, 2019). The assessment normally
lasts through a night. Polysomnography can measure individuals’ physiological changes during

5



nighttime sleep and detect different sleep stages that one is experiencing during the sleep (Bloch,
1997).

There are some limitations regarding the use of polysomnography. First, the application of
polysomnography and data generated are complicated (Zou et al., 2006). Applying
polysomnography to a large sample is also less feasible with higher cost and its complexity
(Flemons & Littner, 2003). Second, when applying in-lab polysomnography, the environment is
different from home, which may bias the usual sleep and the most impactful during the first night
assessment (i.e., first-night assessment) (Byun et al., 2019; McCall & McCall, 2012). In-home
polysomnography is a valid alternative for objective sleep assessment to reduce the environmental
effect. It may have other limitations, such as signal loss, but this may be mitigated (Campbell &
Neil, 2011).

Actigraphy

An actigraphy monitor (i.e., accelerometer) is a wearing device (wrist or ankle) that detects
body movements and transforms the data to recorded movements, including physical activity and
sleep, through commercially available software (Chen & Bassett, 2005). According to the clinical
guidelines from the American Academy of Sleep Medicine (AASM), the recommended duration
for sleep assessment using actigraphy should be at least 72 hours and up to 14 days (Smith et al.,
2018). Prior studies have assessed the validity of actigraphy sleep assessment and found a high
correlation with polysomnography in sleep duration and wake after sleep onset (Sadeh & Acebo,
2002). Furthermore, an accelerometer is a feasible sleep assessment tool and does not disturb sleep
due to its size and convenience to wear. An accelerometer’s cost is also reasonable for using it to

measure sleep with larger sample size.



There are a few limitations of using actigraphy for sleep assessment. First, though
actigraphy shows high concordance in total sleep time with polysomnography, it is likely to
overestimate sleep in patients who experience poor sleep and frequent arousals. Second, since
actigraphy measures sleep through movements, it is likely to detect individuals in sleep mode when
laying down with little movement. As a result, actigraphy has limited ability in estimating sleep
onset latency. It may also bias the results in assessing sleep among patients with limited mobility.
Therefore, sleep studies that use actigraphy monitors will include a sleep diary to specify sleep
and wake time for better assessment. Lastly, actigraphy is unable to detect each sleep stage that
individuals were experiencing in sleep (Martin & Hakim, 2011).

In summary, actigraphy is a feasible and cost-effective tool to assess individuals’ sleep
through detecting the movements. It also has good agreement with polysomnography on measuring
sleep duration, wake after sleep onset, and sleep efficiency.

Subjective assessment

Pittsburgh Sleep Quality Index (PSQI)

The Pittsburgh Sleep Quality Index is a self-rated questionnaire that assesses individuals’
sleep quality over the past month (Buysse et al., 1989). It is a 19-item questionnaire in seven
composite scores, with each scale from 0 to 3. The sum of each subscore in the seven sections
yields a global PSQI score ranging from 0 to 21. The higher global PSQI score indicates poorer
sleep quality (Buysse et al., 1989). Studies targeting diverse populations and pregnant people have
widely applied the PSQI in assessing sleep quality (Cronbach’s alpha=0.74) (Bertolazi et al., 2011,
Cole et al., 2006; Qiu et al., 2016). The PSQI has been validated in the original study among
psychiatric patients with a sensitivity of 89.6% and specificity of 86.5% at a cutoff of PSQI score

>5 (Buysse et al., 1989). It is also a cutoff point that has been widely applied in multiple studies



(Sedov et al., 2018) Previous research has used a cutoff of global PSQI score > 8 to identify severe
poor sleep quality and applied in clinical samples (Carpenter & Andrykowski, 1998). The PSQI
has also been applied in various studies under diverse populations including general adult
population, pregnant people, and older adults (Bertolazi et al., 2011; Cole et al., 2006; Qiu et al.,
2016).

Epworth Sleepiness Scale (ESS)

The Epworth Sleepiness Scale is a self-rated scale measuring the individual’s daytime
sleepiness (i.e., alertness). It is an 8-item questionnaire with each item scores from 0 to 3 and an
overall score ranging from 0 to 24. The higher ESS score indicates a higher degree of daytime
sleepiness (Johns, 1991). Individuals with ESS score over 10 are considered to have excessive
daytime sleepiness, and an ESS score of 16 or more suggests a high level of excessive daytime
sleepiness (Johns & Hoking, 1997; Johns, 1991). The ESS has acceptable internal consistency
(Cronbach’s alpha=0.77) for pregnant people and is a validated tool to assess daytime sleepiness
(93.5% sensitivity and 100% specificity) (Johns, 2000; Johns, 1992; Tsai et al., 2016).

Insomnia Severity Index (ISI)

The Insomnia Severity Index is a self-reported questionnaire that measures subjective
insomnia severity (Morin, 1993). The ISl is a 7-item, four-point scale that measures sleep onset,
sleep maintenance, impairments due to sleep problems, sleep problems, and concerns, with the
total 1SI score ranges from 0 to 28. An ISl score of 8 to 14 is considered subthreshold insomnia,
15 to 21 and 22-28 were classified as clinical insomnia in moderate and severe level, respectively
(Morin, 1993). The scale has acceptable internal consistency (Cronbach’s alpha=0.74) (Bastien et

al., 2001). The ISI is also a validated tool for measuring individuals’ insomnia in both community



(95.8% sensitivity and 78.3% specificity) and clinical samples (99.4% sensitivity and 91.8%
specificity) with a cutoff score of 8 (Morin et al., 2011).

Sleep diary

A sleep diary is a self-reported tool for collecting information on sleep patterns. It requires
participants to fill out the diary every day during the study period. General information obtained
through a sleep diary includes bedtime, sleep time, awakenings, final wake time, time left the bed,
and self-rated sleep quality (Carney et al., 2012). Sleep diaries have been widely used in clinical
and research settings and often accommodate with accelerometers for sleep assessment (Martin &
Hakim, 2011). A sleep diary is a reliable tool for assessing sleep quality (Cronbach’s alpha=0.73)
and has an acceptable agreement with polysomnography and adequate validity (92.3% sensitivity
and 95.6% specificity) (Rogers et al., 1993; Schafer & Bader, 2013).

In summary, each assessment tool was designed to characterize different sleep dimension.
For example, the Pittsburgh Sleep Quality Index aims to measure one’s sleep satisfaction while
the Epworth Sleepiness Scale is used to measure sleepiness. These sleep assessment tools also aim
to measure sleep at different time point. For example, polysomnography measures sleep at the
specific night and sleep diary collects data on sleep concurrently during the week. Some other
sleep assessment tools ask individuals to recall sleep in the past (i.e., PSQI). Therefore, selecting
the scales that suit for assessing different sleep dimensions and assessment period of interest is
critical. A validated assessment tool for measuring sleep under a multidimensional concept is

necessary for better understanding sleep health.



1.2.3 The Epidemiology of Sleep Health During Pregnancy

Pregnancy is when women experience significant physical and mental health changes,
especially during the first pregnancy (Signal et al., 2007). There are physical discomforts, mood
changes, larger energy consumption, and social expectations during pregnancy and birth.
Therefore, having sufficient sleep is crucial during this time. However, those changes in body,
mind, and surroundings result in a high prevalence of pregnant people reporting insufficient sleep
time and poor sleep quality.

Increased progesterone and estrogen levels during pregnancy result in a decreased time of deep

sleep

Women experience hormonal changes in pregnancy that directly and indirectly affect sleep.
For example, increased levels of reproductive hormones (i.e., estrogen and progesterone) and
endocrinal changes (i.e., increased prolactin and plasma cortisol) during pregnancy are related to
reduced rapid eye movement (REM) sleep (Sahota et al., 2003; Santiago et al., 2001). Therefore,
it is more challenging to stay in a deep sleep during pregnancy. During the first trimester of
pregnancy, the rapid increase in progesterone level also results in morning sickness, a common
sleep problem reported in early pregnancy (Lee, 1998).

The dynamic nature of sleep health exists throughout pregnancy

Hormonal changes in early pregnancy and physical changes due to the enlarging uterus in
late pregnancy result in the dynamic nature of sleep health throughout pregnancy. Women
immediately experience hormonal changes that lead to morning sickness and frequent urination in
the first trimester. During this time, poor sleep quality, frequent awakenings, and excessive
daytime sleepiness are significantly more prevalent than during the pre-pregnancy state. As

pregnancy progresses to the second and third trimester, women experience difficulties maintaining
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sleep due to joint pain and leg cramps (Lee, 1998). Sleep during this time is also affected by limited
sleep position and frequent urination. Pregnant people reported more restless leg syndrome,
snoring, and sleep disturbances during the later pregnancy phase (Lee, 1998).

Adverse changes in sleep occur as early as in the first trimester and decline throughout pregnancy

Sleep decline starts in early pregnancy. A longitudinal study of 300 Brazilian pregnant
people from outpatient prenatal clinics found significant increases in the percentage of reporting
excessive daytime sleepiness and specific awakening. The prevalence of excessive daytime
sleepiness increased from 23% in the pre-pregnancy state to 38% in the first trimester. The
percentage of women reported with nighttime awakenings also increased from 9% in the
prepregnancy state to 72% during the first trimester (Lopes et al., 2004). Similarly, Hedman et al.
conducted a longitudinal study that assessed sleep from prepregnancy throughout pregnancy.
Another study of pregnant people from rural communities has found a significant increase in
restless sleep from prepregnancy (10.1%) to the first trimester of pregnancy (15.4%) (Hedman et
al., 2002).

Prior studies have also assessed the prevalence of poor sleep quality (i.e., global Pittsburgh
Sleep Quality Index (PSQI) score>5) and compared pre-pregnancy pregnancy. Generally, the
prevalence of poor sleep quality in pregnant people increases compared to their prepregnancy
states. For example, A cross-sectional postal survey of 650 pregnant people in their third trimester
reported over nine times increase in the prevalence of poor sleep quality (38%) compared to the
prepregnancy state (4%) (Hutchinson et al., 2012). Another cross-sectional study compared sleep
quality between pregnant (n=150 in each second and third trimester) and nonpregnant,
childbearing age women (n=300) in Taiwan. The results indicated that pregnant people reported

worse sleep quality, sleep efficiency, and more sleep disturbances than nonpregnant people.
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Specifically, pregnant people had significantly higher global PSQI scores (6.69+3.33 in the second
trimester and 7.07£3.37 in the third trimester) than nonpregnant people (5.92+3.17, p<0.001) (Ko
etal., 2010).

The adverse changes also occur throughout pregnancy. A cross-sectional study with 2427
pregnant people who completed an internet-based survey has found that the prevalence of poor
sleep quality increases from 72% during the second trimester to 83.5% during the third trimester
(Mindell et al., 2015). Another cross-sectional study enrolled pregnant people across the first to
the third trimesters from prenatal care settings indicated a significantly higher prevalence of
perceived sleep disturbances by the end of pregnancy (91.9%) than the pregnant people in their
first trimester (66.7%) (Mindell & Jacobson, 2000). The pattern is similar among overweight/obese
pregnant people, where the prevalence of poor sleep quality increased from 37% to 63% across
pregnancy, and the highest prevalence of poor sleep quality was reported during the third trimester
of pregnancy (31-34 weeks gestation) (Conlon et al., 2020).

Sleep duration also decreases as the pregnancy progresses. For example, a cross-sectional
study obtained postal survey data from women in their third trimester of pregnancy found that
nighttime sleep's average duration decreased from 8.1 hours before pregnancy to 7.5 hours during
the third trimester (Hutchinson et al., 2012). Similarly, a cross-sectional internet-based survey of
pregnant people from the third trimester found the prevalence of short sleep duration (i.e., total
nighttime sleep < 6 hours) increased from 30.3% at the start to 51.4% at the end of pregnancy
(Mindell et al., 2015). Specifically, women experience an extreme decrease in sleep duration
before birth. A study conducted with a 5-day measurement of sleep among nulliparous pregnant
people before delivery found that the average sleep duration decreased from 7.5 hours at baseline

to 4.5 hours right before the birth labor (Beebe & Lee, 2007).
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In summary, the negative changes in sleep (i.e., decreased sleep quality and sleep duration)
are prevalent. Sleep problems emerge as early as in the first trimester and worsen as the pregnancy
progresses. The high prevalence of poor sleep quality and short sleep duration raises the attention
of examining risk factors for this health consequence in order to promote sleep health during
pregnancy and prevent declined sleep health as women enter the later phase of pregnancy. In the
next section, we will be discussing risk factors for poor or declining sleep health during pregnancy

that were found in previous studies.

1.2.4 Factors Contributing to Poor Sleep Health During Pregnancy

Since poor sleep health is prevalent in pregnant populations, prior research has examined
factors that may contribute to poor sleep health in pregnancy. Not only the physical and hormonal
changes but also the behavioral changes and shifts in a social role to becoming a mother that
contribute to one’s poor sleep health during pregnancy. Several factors are associated with sleep
during pregnancy. We will be introducing them from individual level to interpersonal
relationships, and larger social and physical environment (e.g., neighborhood effects). (Figure 2)

We will discuss the association between racial discrimination and sleep health in the later sections.
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Figure 2. Different Levels of Factors Contributing to Poor Sleep Health During Pregnancy

Overweight and obese women are at higher risks for poor sleep health during pregnancy

Prepregnancy overweight and obesity negatively affect sleep during pregnancy. For
example, in a longitudinal study of 2,366 Canadian pregnant people, the prevalence of poor sleep
quality was 61.8% among overweight and obese women (i.e., Prepregnancy BMI> 25 kg/m?)
compared to 57.5% among women with normal weight (i.e., Prepregnancy 18.5<BMI<25 kg/m?).
However, the results were no longer statistically significant after the adjustment of
sociodemographic factors (Guinhouya et al., 2019). Furthermore, women with excessive
gestational weight gain have poorer sleep quality than those with normal gestational weight gain.
Gay et al. assessed mean global PSQI scores by gestational weight gain among low-income
samples. Women with excessive gestational weight gain had higher global PSQI scores (7.3+ 3.3)
than women with normal gestational weight gain (6.4 + 2.6) (Gay et al., 2017).

It is worth noting that snoring is prevalent among overweight and obese pregnant people.
Snoring may disrupt one’s sleep and results in poor sleep quality, decreased sleep time, fatigue or
excessive sleepiness (Bhattacharyya, 2015) In a cross-sectional survey, women with a
prepregnancy BMI over 25 were more likely to report snoring (78%) than those with normal BMI

(51%) (Hutchinson et al., 2012). Similarly, in a case-control study, women with prepregnancy
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BMI over 30 have a higher percentage of snoring episodes during nighttime sleep (32%) than the
controls (1%) (Maasilta et al., 2001). Another longitudinal study reported a four-fold increase in
the risk of snoring during pregnancy among obese women compared to women with normal weight
(Guinhouya et al., 2019).

Poor sleep hyqgiene potentially affects women's sleep health during pregnancy

Sleep hygiene refers to modifiable behavioral and environmental factors, such as bedtime
routine and bedroom temperature, that influence sleep (Hutchinson et al., 2012). Previous studies
have widely discussed the influences of sleep hygiene on sleep health among non-pregnant
populations, specifically among adolescents and young adults (i.e., college students) (Brown et al.,
2002; Brick et al., 2010; LeBourgeois et al., 2005). Recent findings suggest that poor sleep hygiene
is associated with poor sleep health during pregnancy and the intervention of sleep hygiene
education in early pregnancy is beneficial for improving maternal sleep health (Ferraro et al.,
2014). For example, an observational study from Taiwan found pregnant people who reported poor
sleep are more likely to have higher arousal behaviors (i.e., time spent on screen in bed) during
bedtime and more disturbed sleep environment (i.e., noisy bedroom). A systematic review on the
management of sleep disorders suggested sleep hygiene changes (i.e., regular sleep schedule,
moderate exercise and stretching, reduce the exposure to dietary stimulants) as one of the strategies
to reduce insomnia levels in pregnancy (Nodine & Matthews, 2013).

Poor sleep health is prevalent across racial groups

Generally, prior research on racial differences in sleep during pregnancy tends to find that
African American women have worse sleep than whites. However, the association between race
and sleep is mixed. A biracial sample of 133 women found that the prevalence of poor sleep quality

increases among multiparous African American women throughout pregnancy, from 58% in the
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first trimester to 70% in the third trimester. However, this pattern only applied among multiparous
African Americans but not in white multiparous women, for whom the prevalence of poor sleep
quality was 61% in the first trimester to 54% in the third trimester (Christian et al., 2019). Another
cross-sectional study in Metro Detroit, US with 267 pregnant people found 38.4% reported short
sleep duration among African Americans, which is significantly higher than whites (17.4%).
Furthermore, 82.2% of African American women reported poor sleep quality compared to 74.8%
among whites. These differences were not statistically significant between the two racial groups
(Kalmbach et al., 2019). However, racial differences in sleep duration were observed in a
nationally representative sample. A study using data from the National Health Interview Survey
(2004-2017) found that African American pregnant people have a significantly higher prevalence
of short sleep duration than white pregnant people (Prevalence ratio=1.35, 95%CI: 1.08-1.67)
(Feinstein et al., 2020).

Poor sleep health is also highly prevalent and declined throughout pregnancy in other racial
groups. A cross-sectional study of 400 pregnant Taiwanese women found that 65.5% reported poor
sleep quality. (Hung et al., 2013). In a study of 192 Japanese women, 88% reported negative
changes in sleep during pregnancy (Suzuki et al., 1994). Another prospective cohort study of 748
Korean pregnant people reported the prevalence of poor sleep quality around 98% throughout
pregnancy (Ko et al., 2012).

In summary, poor sleep quality during pregnancy is prevalent across racial groups, ranging
from 54% to 98%. Declined sleep health was seen among multiparous African American women
(Christian et al., 2019). However, the results were mixed and racial differences were attenuated
after adjusted for the experiences of racial discrimination.

Socioeconomic disparities affect sleep health during pregnancy
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Women with low socioeconomic status (i.e., low income, educational level,
unemployment) tend to have a higher prevalence of poor sleep quality during pregnancy.
Kalmbach et al.'s conducted a cross-sectional study of 267 pregnant people from Metro Detroit for
completing an online survey regarding sleep health has found poorer sleep quality (i.e., higher
average global PSQI score) among women below the poverty line (i.e., annual household income
< $20,000) than those above the poverty line (9.73+4.11 vs. 7.98+3.58). The prevalence of poor
sleep quality was not significantly different between the two groups (82.2% VS. 74.8%). However,
women below the poverty line had a significantly higher prevalence of clinically-defined poor
sleep quality (i.e., PSQI>8) than the group above the poverty line (66.7% vs. 38.8%) (Kalmbach
et al., 2019). Another longitudinal study of 170 pregnant people at 10-20 weeks gestation who
resided in the greater Pittsburgh area found lower household income (<$50,000/year) was
associated with poor sleep quality and sleep fragmentation (Okun et al., 2014). Populations
experiencing poverty or low income are more likely to be stressed, leading to frequent nocturnal
arousal (Grandner et al., 2010; Stamatakis et al., 2007). Lower household incomes are related to a
higher level of poor sleep quality (Arber et al., 2009; Soltani et al., 2012). Unemployment status,
low educational level, and poor health status are also strong determinants to poor sleep quality
(Patel et al., 2010).

Disadvantaged and noisy neighborhoods neqatively affect sleep health during pregnancy

A growing body of research found that neighborhood context affects an individual's health
outcomes (Duncan & Kawachi, 2018). Research on the association between neighborhood-level
factors such as neighborhood violence, social capital, noise, light, traffic and walkability and poor
sleep health is novel. There are still limited findings on neighborhood effects on sleep health during

pregnancy. Prior studies suggested that residing in a disadvantaged neighborhood is linked to one’s
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social demographics, social connection, and environment (i.e., residential segregation,
neighborhood noises) that potentially impact one’s sleep health (Johnson et al., 2018). For
example, a cross-sectional survey of a rural Japanese community sample found that the lower
social capital neighborhoods have a 22% higher prevalence of short sleep duration than
neighborhoods with higher social capital (Prevalence ratio=1.22, 95%CI: 1.08-1.38) (Win et al.,
2018). A cross-sectional survey on maternal health in Baltimore, US found that mothers who
reported high exposure to neighborhood violence are at higher odds of sleep disturbances than
those with low exposure to neighborhood violence (OR=2.38 95%CI: 1.46-2.66) (Johnson et al.,
2009). Environmental exposures in neighborhoods such as light and noise also contribute to poor
sleep health, which includes insufficient sleep and excessive daytime sleepiness (Basner et al.,
2008; Basner et al., 2010; Johnson et al., 2018). In a German sample of 24 adults, objective
sleepiness increased with the number of noise events (f=0.0012, p=0.021) and the maximum sound
level of noise events (=0.0039, p=0.028) (Basner et al., 2008). A recent review indicated that
stronger exposure to light, noise, poorer traffic, higher pollution, and lower walkability in a
neighborhood are related to residents’ sleep health (Johnson et al., 2018).

In summary, neighborhood-level effects, from social connection, poverty, and safety to
environmental factors such as noise and light pollution, impact an individual's sleep health. In the
next section, we will be discussing health consequences associated with poor sleep health during
pregnancy. These found associations between poor sleep health and poor pregnancy and labor

outcomes will highlight the importance of promoting sleep health during pregnancy.
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1.2.5 Health Consequences Associated with Poor Sleep Health During Pregnancy

Poor sleep during pregnancy is not merely a common complaint. In fact, it is associated
with a series of health outcomes. When poor sleep health occurs in pregnancy, it will relate to
pregnancy and birth outcomes that may impact maternal and child health. Here in this section, we
will be focusing on some pregnancy complications and labor outcomes that may directly influence
maternal health.

Sleep loss is associated with increased inflammation, which will further induce gestational

hypertension

Sleep loss is associated with the pathophysiological pathways to stress (Palagini et al.,
2014). Women who experience sleep disturbance during pregnancy show an increased
inflammatory response, which are related to an increased risk for pregnancy complications (Okun
et al., 2007; Roca et al., 2020). For example, in a prospective study of 89 Japanese primiparous
pregnant people, poor sleepers had higher morning systolic blood pressure (7.1+7.0 mmHg) than
normal sleepers (3.0+5.6 mmHg, p<0.01). (Okada et al., 2019). Similar results apply in the US
sample. Okun & O’Brien’s study of 439 singleton pregnant people in the third trimester from
prenatal clinics in Michigan, US has found that women with reported insomnia and habitual
snoring are at higher odds of gestational hypertension than those without (OR=3.2, 95%CI: 1.0-
10.6) (Okun et al., 2018). Other studies with a high-risk pregnant sample and a nulliparous
pregnant sample supported that there is an association between sleep disorders (i.e., sleep-
disordered breathing) and high blood pressure during pregnancy (Champagne et al., 2009; Facco
etal., 2017).

Poor sleep negatively impacts glucose metabolism and increases the risk for gestational diabetes
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Poor sleep is associated with glucose metabolism, leading to insulin resistance, glucose
intolerance, and type 2 diabetes (Gottlieb et al., 2005; Spiegel et al., 2005; Zizi et al., 2010). While
poor sleep is highly prevalent among pregnant people due to physical and hormonal changes,
recent studies have examined the relationship between poor sleep and glucose metabolism during
pregnancy. For example, a study of 169 pregnant people from Chicago, US found 4% increase in
glucose levels with every hour of sleep loss during the second trimester of pregnancy (Reutrakul
et al., 2011). Another US sample of 189 pregnant people also found that short sleep duration (<7
hours) was associated with higher glucose tolerance values (p=0.008) and a higher risk of
gestational diabetes (p=0.009) (Facco et al., 2010) Studies targeting different populations also
share similar results. A study of 686 Asian pregnant people found that self-reported poor sleepers
(PSQI>5) and short sleep duration (<6 hours) were associated with higher odds of diagnosed with
gestational diabetes (OR=1.75, 95%CI: 1.11-2.76, and OR=1.96, 95%CI: 1.05-3.66, respectively)
(Cai etal., 2017).

While some studies suggested that poor sleep quality and short sleep duration are
associated with higher risks of gestational diabetes, other studies found the impact of sleep duration
on gestational diabetes among women with extreme sleep duration. A recent meta-analysis found
that extreme sleep duration during the first and second trimesters was associated with incident
gestational diabetes (OR=1.28, 95%CI: 1.10-1.49), but not short sleep duration (OR=1.58, 95%(ClI:

0.99-2.52) (Xu et al., 2018).

The induced inflammatory responses from poor sleep during pregnancy are associated with poor

labor outcomes

Poor sleep leads to increased inflammation responses and further impacts labor outcomes.

A cross-sectional study from Tehran, Iran, recruited 457 singleton women over 37 weeks gestation

20



indicated a significant correlation between short sleep duration and types of delivery. The
percentage of undergoing spontaneous vaginal delivery is higher among women with sufficient
sleep (15.8%) than those who reported sleep duration less than 8 hours at night (12.3%, p=0.018)
(Zafarghandi et al., 2012). Longitudinal studies that assessed sleep during the last month of
pregnancy also share similar results. A prospective study of a US sample included 131 women in
their last month of pregnancy indicated that short sleep duration (<6 hours) is related to 4.5 times
higher odds in cesarean delivery (OR=4.54, 95%CI. 1.36-15.21) and significantly longer labor
(29.0+12.5 hours) than women with over 7 hours of nighttime sleep (17.7+15.6, p=0. 025) (Lee &
Gay, 2004) Another prospective study from Malaysia recruited singleton women admitted for
labor induction found that self-reported sleep duration during the last month of pregnancy less than
6 hours was associated with a higher risk of cesarean delivery (RR=2.4, 95%Cl: 1.1-5.0) (Teong
et al., 2017). A longitudinal study of 550 Iran women in their 36"-week gestation indicated that
women who reported poor sleep quality had significantly longer labor than normal sleepers
(11.87+4.32 vs. 8.83+3.05 hours, p=0.016). The proportion of women receiving cesarean delivery
is higher among women who reported poor sleep quality (63.1%) than normal sleepers (41.6%,

p<0.001) (Naghi et al., 2011).

1.2.6 Current Research in Sleep Health During Pregnancy

Prior research primarily used sleep efficiency and duration to represent sleep health during

pregnancy, but the knowledge about sleep reqularity, timing, and alertness are limited

While there are multiple aspects to quantify an individual’s sleep health, previous studies
have commonly applied sleep efficiency, sleep duration, and sleep quality defined through
validated scales to represent sleep health. However, the patterns on other sleep dimensions (i.e.,
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sleep timing and regularity) are limited while there is an association between those sleep
dimensions (i.e., later sleep timing) and pregnancy complications (i.e., gestational diabetes) (Facco
etal., 2015). A recent systematic review from Ladyman & Signal included 24 articles that quantify
sleep health during pregnancy. 50% of the studies targeted women in the third trimester of
pregnancy. 13 out of 24 studies were based on a US sample (Ladyman & Signal, 2019).

Table 1 shows the sleep parameters assessed among previous studies quantifying pregnant
people’s sleep health based on Ladyman & signal’s review. The table helps us understand what
sleep dimensions are more discussed and what is not. We identify those sleep parameters based on
multidimensional sleep health, which includes six dimensions: duration, efficiency, timing,
regularity, alertness, and satisfaction (Buysse, 2014). Generally, previous studies commonly
assessed sleep duration and efficiency among pregnant populations, which were covered in
approximately 92 and 88% of the articles, respectively; followed by 62% in sleep quality and
satisfaction, which were usually assessed through the Pittsburgh Sleep Quality Index (PSQI). One-
fourth of the articles have included alertness as one of the parameters for sleep health assessment.
16.7% of the articles quantified sleep timing in the studies, and none of the studies have included
sleep regularity for quantifying sleep health (Ladyman & Signal, 2019).

There are limited findings on how each sleep dimension changes throughout pregnancy

The dynamic nature of sleep exists throughout pregnancy, the causes of poor sleep health
and the characteristics of each sleep dimension changes throughout pregnancy. For example,
morning sickness is prevalent in early pregnancy and increases sleep disturbances in the first
trimester (Ferraro et al., 2014). Frequent urination is common throughout pregnancy, which results
in increased nighttime awakenings across all trimesters (Mindell et al., 2015) Physical changes in

the third trimester limit one's sleep position and increase the prevalence of sleep-disordered
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breathing and restless leg syndrome (Mindell et al., 2015). The patterns of declined sleep quality
and sleep duration indicate poor sleep health during pregnancy. However, we have limited
knowledge on the patterns of other sleep dimensions such as alertness, sleep timing and regularity
during pregnancy. Furthermore, sleep regularity and timing are critical components in behavioral
training for sleep improvement, but these dimensions were not well characterized among pregnant
populations. While sleep research have applied the concept of multidimensional sleep health in
other populations such as adolescents and the elderly, the patterns of multidimensional sleep health
in pregnancy are still unclear (Dong et al., 2019; Ladyman & Signal, 2019; Wallace et al., 2019).
Understanding the patterns of sleep during pregnancy under multiple dimensions is important for
characterizing sleep health during pregnancy, which is beneficial for better targeting sleep
improvement during pregnancy. Thus, we will describe the overall multidimensional sleep health
and changes in each sleep dimension from early to mid-pregnancy to better understand sleep

patterns during pregnancy.
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Table 1. Sleep Parameters Assessed Among Studies Quantifying Pregnant People’s Sleep Health (Adapted from Ladyman & Signal, 2018)

N Assessment Timing Sleep assessment Duration  Efficiency Timing Regularity Alertness  Satisfaction
Baker et al., 2016 172 First and second trimesters Actigraphy; PSQI Y Y Y
Brunneret al., 1994 9 All three trimesters In-lab polysomnography Y
Crowley et al., 2016 14 Second trimester Actigraphy; PSQI Y Y
Ebert et al., 2015 161 First and second trimesters Actigraphy Y Y
Elek et al., 1997 24 Third trimester Actigraphy; Visual Analog Y Y
Scale-Fatigue
Haney et al., 2014 161 First and second trimesters Actigraphy Y Y
Hertz et al., 1992 12 Third trimester In-lab polysomnography; Y Y Y
Stanford Sleepiness Scale
Hux et al., 2017 103 First trimester PSQI Y
Lee, McEnany & Zaffke, 2000 31 Third trimester In-home polysomnography; Y Y
Profile of Mood States
Lee, Zaffke & McEnany, 2000 33 First and third trimesters In-home polysomnography Y Y
Okun et al., 2015 143 First and second trimesters Actigraphy; PSQI; Insomnia Y Y Y Y
Symptom Questionnaire
Strange et al., 2009 220 Second trimester PSQI; ESS Y Y Y Y
Tsai et al., 2017 204 All three trimesters Actigraphy; PSQI; ESS Y Y Y Y
Tsai, Lin & Wu et al., 2016 274 Third trimester Actigraphy; PSQI; ESS Y Y Y Y
Tsai, Lee & Lin et al., 2016 164 All three trimesters Actigraphy; PSQI Y Y Y
Tsai, Lee & Wu et al., 2016 197 Third trimester Actigraphy; PSQI; Sleep Y Y
Hyagiene Practice Scale
Tsai, Kuo & Lee et al., 2013 30 Third trimester Actigraphy; PSQI Y Y Y
Tsai, Lin & Kuo et al., 2013 120 Third trimester Actigraphy; PSQI Y Y Y
Tsai et al., 2012 38 Third trimester Actigraphy; PSQI; Visual Y Y Y Y Y
Analog Scale-Fatigue
Tsai et al., 2011 30 Third trimester Actigraphy; PSQI Y Y Y Y
Tzeng et al., 2015 139 Third trimester PSQI; Fatigue Continuum Form Y Y Y Y
Waters & Lee, 1996 31 Third trimester Polysomnography; Visual Y
Analog Scale-Fatigue
Wilson et al., 2011 48 First and third trimester In-lab polysomnography; Self- Y Y Y
developed questionnaire
Wolfson et al., 2003 38 Third trimester Sleep diary Y Y Y
Coverage* 87.5% 91.7% 16.7% 0% 25% 62.5%

*Coverage is calculated by the number of studies measured the specific sleep dimension divided by the overall number of studies listed in this table
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Since poor sleep health is highly prevalent among pregnant people and is associated with
poor pregnancy and labor outcomes, researchers have been examining risk factors for poor sleep
health to inform possible sleep promotion strategies in pregnancy. There is a wide consensus that
sleep and mental health are closely connected. For example, the diagnostic criteria of depression
have included sleep disturbances as one of the symptoms. While sleep may be one of the symptoms
of depression, there are limited findings on the direction of the association between sleep and
mental health.

Due to physical, hormonal and social role changes in pregnancy, pregnant people are at
risk for depressive episodes that occur specifically during pregnancy, which is known as prenatal
depression. In the following sections, we will first introduce the epidemiology of prenatal
depression and then go through current research on sleep and mental health during pregnancy.
Finally, we will identify research gaps from prior research on the association between mental
health and sleep health during pregnancy. Though prior studies may target at perinatal period,
which includes the time during pregnancy to one year postpartum, we will be specifically
discussing study results that focus on the prenatal period. We will specify the perinatal populations

when the results were only available in the full perinatal period.

1.3 Prenatal Depression

Next, we will mention the epidemiology, measurement tools for prenatal depression. We
will also discuss the relationships and hypothesized mechanisms between depression and sleep

health
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1.3.1 The Epidemiology of Prenatal Depression

Prenatal depression refers to the depression that occurs specifically during pregnancy.
Hormonal changes among females at different life stages strongly affect the risk for affective
disorders (Parry & Newtown, 2001). Specifically, women experience substantial physical and
hormonal changes during pregnancy that may lead to body discomfort and increased vulnerability
to depressive symptoms (Robert, 1996). Prenatal depression may be the first, new onset of a
depressive episode for some women, while some with mental illness before pregnancy may at
higher risks for experiencing depression during pregnancy (Nonacs & Cohen, 2002). Some
depressive symptoms that pregnant people may experience include frequent crying, sleep
disturbance, low energy, increased worry, loss of interest (American Psychiatric Association,
2013).

As prenatal depression is one of the unique mental health issues in pregnancy, the
prevalence of prenatal depression has been widely assessed in different populations. A systematic
review identified 21 articles assessing the prevalence of prenatal depression and reported the
average prevalence of prenatal depression (i.e., assessed through the EPDS) for each trimester:
7.4% (95%CI: 2.2-12.6%) in the first trimester, 12.8% (95%CI: 10.7-14.8%) in the second
trimester, and 12.0% (95%CI: 7.4-16.7%) in the third trimester (Bennett et al., 2004). Another
systematic review included 26 articles with low-risk pregnant people over 17 years of age and
recruited from prenatal clinics has found the lowest prevalence of prenatal depression (i.e., mainly
assessed through the Beck Depression Inventory (BDI) or EPDS) in the second trimester (6.6%)
and the highest in the third trimester (26.7%) (Okagbue et al., 2019). Based on these findings, the
prevalence of prenatal depression was the highest in late pregnancy. Another systematic review

included 28 articles from developed countries that assessed major and minor depression combined
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in pregnancy reported the prevalence in the first trimester was 11.0% and 8.5% in the second and
the third trimester (Gavin et al., 2005). This shows a different trend than the previous systematic
review. However, these mixed results may due to the different measurement or cutoffs of
depression in pregnancy. Specifically, the Gavcin et al.’s review only included studies measuring
both major and minor depression in pregnancy and excluded those with self-reported depressive

symptoms only. In summary, the prevalence of prenatal depression is substantial.

1.3.2 Measurement of Prenatal Depression

In this section, we will be discussing some assessment tools for depression. Briefly, there
are two types of assessment tool, one conducted through interviews and the other type as self-
reported scales. Though the assessment tools such as Structured Clinical Interview for DSM-5,
Beck Depression Inventory, and Self-rated Depression Scale, are applicable in general
populations, these tools have also been applied in pregnant populations for assessing prenatal
depression from previous studies. The following tools introduced were frequently used in prior
research. In the dissertation analyses, we will be using the Edinburgh Postnatal Depression Scale
(EPDS) for assessing women’s depressive symptoms in early pregnancy.

Interviews

Structured Clinical Interview for DSM-5 (SCID)

The Standardized Clinical Interview for Diagnostic and Statistical Manual of Mental
Disorder-Fifth edition (DSM-5) is a tool for diagnosing major depressive disorders. The trained
interviewers will obtain interviewee’s answers to the standardized questions and differentiate the
normal or depressive reactions. The interviewers will identify whether or not the interviewees are
meet the DSM-5 diagnostic criteria for depression (First et al., 2015).
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Self-reported guestionnaires

Edinburgh Postnatal Depression Scale (EPDS)

The Edinburgh Postnatal Depression Scale is one of the most often used self-reported
screening tool for perinatal depression. It is a 10-item, four-point scale (scored 0 to 3) that assess
perinatal women’s depressive symptoms in the last 7 days. The overall EPDS score ranges from
0-30, with a higher score indicates a higher level of perinatal depressive symptoms (Cox et al.,
1987) The scale has been widely validated in multiple language versions and applied in different
populations worldwide (Cox et al., 1996; Heh, 2001; Garcia-Esteve et al., 2003; Adouard et al.,
2005; Montazeri et al., 2007). The EPDS has adequate internal consistency in assessing depression
among pregnant people (Cronbach’s alpha=0.82) and is also a validated tool to assess depressive
symptoms during pregnancy with diverse populations (Bergink et al., 2011; Rubertsson et al.,
2011; Su et al., 2007). According to a recent paper validating EPDS among pregnant people, the
cutoff score of 11 in the first trimester (79% sensitivity and 97% specificity) and a cutoff at 10 in
the second trimesters (70% sensitivity and 96% specificity) performed with the best sensitivity and
specificity for detecting women with depressive symptoms during pregnancy (Bergink et al.,
2011).

Beck Depression Inventory (BDI)

The Beck Depression Inventory (BDI) is a self-reported scale that assesses depressive
symptoms in the past two weeks from clinical and non-clinical samples (Beck et al., 1961) It is a
21-item questionnaire under a 4-point scale. The overall score of BDI can range from 0 to 63, with
a higher score indicates more substantial depressive symptoms (Beck et al., 1961) Prior studies

targeting non-clinical samples adopted a cutoff score at 10 as the detection of depression (70-86%
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sensitivity and 57-87% specificity) (Wang et al., 2013). The BDI also performs sufficient internal
consistency (Cronbach’s alpha=0.85) (Wang et al., 2013).

Self-Rating Depression Scale (SDS)

The Self-Rating Depression Scale (SDS) is a self-reported scale consisting of 20 items that
measure each depressive symptom's frequency (Zung, 1965). Participants will answer each item
on a four-point scale for each item. The overall SDS score ranges from 20-80, and a standardized
score ranges from 25-100 (multiplied by 1.25), with the higher score indicates more substantial
depressive symptoms (Zung, 1965). The SDS has adequate internal consistency in both depressed
(Cronbach’s alpha=0.88) and non-depressed samples (Cronbach’s alpha=0.93) (Gabrys & Peters,
1985). A standardized score between 50 to 69 is categorized as mild to major depression;
individuals scored over 70 are likely with severe depression (Halfaker et al., 2011) The sensitivity
and specificity of SDS were 80 and 78%, respectively, indicating adequate validity for assessing

depression among pregnant people (Kitamura et al., 1999).

1.3.3 Prenatal Depression and Sleep Health During Pregnancy

Research has widely discussed the shared biological and behavioral mechanisms between

depression and sleep health

The association between mental health and sleep is not merely a cause-effect relationship.
Emerging evidence has supported a more complex bidirectional relationship between depression
and sleep (Fang et al., 2019) Sleep regulated by the brain stem and thalamic nuclei regulation and
limbic movement that controls the arousal behaviors are part of both sleep deprivation and
depression mechanisms (Brown et al., 2012) Sleep deprivation is also one of the symptoms of
multiple mental disorders (Perlis et al., 1997).
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Studies have explained potential biological and behavioral pathways between sleep and
depression:

1. Both insufficient sleep and depression increase the inflammation response and
neurotransmitters level.

A wake-sleep schedule plays a critical role in regulating individuals' inflammatory
responses (Irwin et al., 2008). Sleep deficiency will activate the sympathetic nervous system and
B-adrenergic signaling, which will activate the inflammation response and further increase cellular
inflammation (i.e., increases in inflammatory cytokines—IL-6) (Irwin & Cole, 2011; Irwin et al.,
2018). Such increase in cellular inflammation is also commonly seen among depressed patients
and more obvious in females (Gimeno et al., 2009; Miller et al., 2009). A randomized controlled
trial found the treatment for reducing this inflammation response will also reduce depressive
symptoms (Raison et al., 2013) Furthermore, abnormal REM sleep circles and depression share
the same type of monoamine neurotransmitters (Irwin et al., 2018) Depressed patients often show
the sign of reduced REM sleep and impaired sleep continuity, this tendency is related to a series
of increased levels of monoamines (i.e., serotonin) (Steiger & Pawlowski, 2019).

2. Both sleep and depressive disorders shared a significant portion of genetic influences.

Recent studies have also found that dopamine-related genes are related to sleep duration
(Harvey, 2000; Rhodes et al., 2019). A longitudinal twin study (n=7,500) indicated that the genetic
factors (i.e., Chr7, rs186736700) are associated with insomnia symptoms and more females (Lind
et al., 2015; Stein et al., 2018). Similarly, a family history of mental illness is also a significant
risk factor for depression (Sullivan et al., 2000). Studies have found a great degree of concordance

between sleep disorders and depression in both monozygotic and dizygotic twins (Gehrman et al.,
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2011) The overlapping genetic influences on sleep were shared significantly with depression in
both genders in a human sample (56% in females and 74% in males) (Lind et al., 2015).
3. Sleep deprivation is a major symptom among people with depression.

The relationship between depression and poor sleep health is strong with the overlapping
symptoms on difficulties in initiating or maintaining sleep among individuals with depression
(Hamilton, 1989; Yates et al., 2007). While sleep disturbances are typical symptoms of depression,
it may also be the stress and depressive moods that leads to poor sleep health. The uncertainty of
whether poor sleep health or depressive symptom precedes one another increases the difficulty in
understanding the cause-effect relationship between sleep disturbances and depression (Franzen
& Buysse, 2008). The prevalence of poor sleep health among people with depression has been
widely assessed in previous studies. For example, a secondary analysis on a US-based sample with
depression patients has found that individuals with recurrent depression had significantly higher
percentage of complaints about sleep disturbances for 2 or more weeks (85.7%) than non-recurrent
individuals (28.7%, p<0.05). A survey in UK on sleep difficulties and depressive among people
with depression (n=513) showed that 97% of the participants reported any of the sleep disturbance
symptoms (i.e., can’t fall asleep, keep waking up at night, wake up early but can’t get back to
sleep, sleep for too long) (Paterson et al., 2009).

In summary, the high percentages of poor sleep health reported among individuals with
depression supported the overlapping symptoms between these two health issues.

The shared pathophysiological mechanisms in the relationship between sleep and prenatal

depression similarly apply during pregnancy

The pathophysiological pathways for poor sleep health during pregnancy aligned with the

potential biological pathways mentioned above. Specifically, pregnant people are already at a
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higher inflammatory state (i.e, C-reactive protein and interleukin-6) than non-pregnant people
(Carroll et al., 2019). Poor sleep during pregnancy is associated with increased inflammatory
responses that result in inflated cytokine production (Carroll et al., 2019). Such an effect was more
often seen in African American women compared to whites (Christian et al., 2018), There was a
weak association between inflammatory markers and prenatal depression (Blackmore et al., 2011).
Specifically, a study with 187 African American women found IL-6 significantly associated with
depressive symptoms. However, the association was no longer significant among
overweight/obese women (Cassidy-Bushrow et al., 2012). The biological mechanisms are similar
to nonpregnant adults, except pregnant people already at a higher inflammatory state, which may
increase the vulnerability to poor sleep and mental health.

Previous studies have focused on how sleep influences prenatal depression during pregnancy, but

little is known about the impacts of prenatal depression on poor sleep health

There have been some studies focusing on how poor sleep health affects prenatal
depression (Swanson et al., 2011; Field et al., 2007; Tomfohr et al., 2015). A study sample of
mental health treatment-seeking women found insomnia symptoms affect their levels of depressive
symptoms during pregnancy, specifically in the difficulties falling asleep (Swanson et al., 2011)
Another longitudinal study supports a similar conclusion during mid to late pregnancy. Depressed
women have a deteriorating sleep during the second and the third trimesters. They were also
experiencing increased depressive symptoms during this time of pregnancy (Field et al., 2007). In
summary, pregnant people experiencing a significant decline in sleep are more likely to see greater
depression symptoms during pregnancy (Tomfohr et al., 2015). Under a study of 1825 Chinese
pregnant people, the results indicated that sleep disturbances (difficulties in initiating and

maintaining sleep) and poor sleep quality were associated with higher depression than people with
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good sleep quality (Zhang et al., 2021). Recent sleep research has targeted non-pregnant
population and examined the association between depression and sleep with the implementation
of multidimensional sleep health as an outcome. A recent study examined the longitudinal
association between depressive symptoms and multidimensional sleep health among middle-aged
women. The results indicated the association between higher depressive symptoms and poorer
multidimensional sleep health, lower alertness, and satisfaction (Bowman et al., 2021).

Few studies are assessing how depression during pregnancy affect prenatal sleep health. A
longitudinal study defined prenatal depression using the Structured Clinical Interview for DSM-
IV diagnosis of major depressive disorder. The results found that depressed pregnant people were
more likely to experience fragmented sleep. This association was more pronounced during the first
and the second trimesters (Okun et al., 2011). Another study found more frequent nocturnal
awakenings and difficulties in falling asleep in the third trimester among women with reported
depressive symptoms (Ruiz-Robledillo et al., 2015). While poor sleep health is highly prevalent
among pregnant populations, understanding whether prenatal depression is a risk factor for poor
sleep health during pregnancy is necessary for targeting the high-risk subgroup to poor sleep
health. Also, more sleep parameters require a more comprehensive assessment to understand the
causality between mental health and sleep during pregnancy.

In studies assessing the relationship between sleep and prenatal depression, none have assessed

sleep timing and regularity or composite scoring to quantify multidimensional sleep health

Table 2 listed articles that were assessing the relationship between sleep and prenatal
depression. The Edinburgh Postnatal Depression Scale (EPDS) is a common scale in assessing
prenatal depressive symptoms (Gao et al., 2019; Jomeen et al., 2007; Polo-Kantola et al., 2017,

Tomfohr et al., 2015). To assess sleep health during pregnancy, 70% of the studies assessed sleep
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with sleep satisfaction or quality, followed by 30% measured sleep duration. Over half of the
studies that assessed sleep quality applied PSQI for the measurement (Gao et al., 2019; Jomeen et
al., 2007; Skouteris et al., 2008; Tomfohr et al., 2015). None of the studies assessing sleep and

prenatal depression included sleep timing and regularity.
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Table 2. Sleep Parameters Assessed Among Studies Assessing the Relationship Between Prenatal Depression and Sleep During Pregnancy

Studies Study design Study N Assessment Mental Duration  Efficiency Timing Regularity  Alertness  Satisfaction Results
population Timing health
assessment
Fieldetal.,  Prospective Low-income 253 Second and SCID Y Depressed women had more
2007 pregnant third sleep disturbances in the
women trimesters second (p=0.03) trimester
Gao etal., Longitudinal Singleton 1152 Second PPS (>0); Y Poor sleep quality in the
2019 (postpartum) pregnant trimester EPDS (>9) second trimester is associated
women with stress and depression
among women over 30 years
old (OR=4.12. 95%Cl: 2.18-
7.78).
Jomeen & Cross- Pregnant 148 14 weeks of ~ EPDS (>9) Y Y Y Depressed women had
Martin, sectional women without gestation significantly higher PSQI score
2007 preexisting than non-depressed women
complications (6.21£2.8 vs. 3.23+2.08,
p<0.001).
Okun et Longitudinal Pregnant 240 20, 30, 36 SCID; Y Y The strongest difference was
al., 2011 women without weeks of HDRS observed at week 20. Non-
preexisting gestation (>18) depressed women had higher
depression sleep efficiency (89.1%)
compared to depressed women
(78.2%) (p<.0001)
Polo- Prospective Pregnant 78 12-25, 31-39 EPDS Y Y Y Women with poor sleep
Kantola et women without weeks of quality had higher depression
al., 2016 preexisting gestation score (8.9+4.5) than women
complications with normal sleep (4.1+3.3)
(p<.001)
Ruiz- Cross- Pregnant 143 Third EPDS Y Y Depressed women experienced
Robledillo sectional women from trimester more frequent awakenings
2015 outpatient (1.23+1.23 vs.
prenatal clinics 0.81+0.89/times) and took
longer time to fall asleep
(1.97+1.69 vs. 1.33+1.54/hour)
Skouteris Longitudinal ~ Nulliparousand 273  15-23, 23-31, BDI (>3) Y There was a strong correlation
etal., 2008 multiparous 31-39 weeks between sleep quality in early
pregnant of gestation pregnancy and depressive
women symptoms
at later stage in pregnancy
(p<0.001)
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Table 2. Sleep Parameters Assessed Among Studies Assessing the Relationship Between Prenatal Depression and Sleep During Pregnancy

pregnancy (cont.)

Studies Study design Study N Assessment Mental Duration  Efficiency Timing Regularity  Alertness  Satisfaction Results
population Timing health
assessment
Swanson Cross- Pregnant 257 Across all EPDS Women with clinically
etal., 2011 sectional women from an trimesters significant insomnia scores had
outpatient higher odds of reported
psychiatric depression (OR=7.7, 95%CI:
clinic 3.76-15.78).
Tomfohret  Longitudinal Pregnant 293 <22,32 EPDS (>12) Y Women reported decline in
al., 2015 women without weeks of sleep health reported a larger
preexisting gestation proportion of EPDS >12 (31%)
complications than women with consistently
good sleep (3.4%)
Yu, 2017 Longitudinal Pregnant 1653  8-13, 26-30, Self-rating Y Y There were significant
women without 34-38 weeks  depression associations between sleep
preexisting of gestation scale (>53) quality and depression during
complications pregnancy in both cross-
sectional (p<.0001) and
longitudinal analyses
(p<.0001)
Coverage 30% 10% 0% 0% 10% 70%

*Structured clinical interview for depression diagnosis (SCID); Pregnancy Pressure Scale (PPS); Edinburgh Postnatal Depression Scale (EPDS); Hamilton

Depression Rating Scale (HDRS); Beck Depression Inventory (BDI)
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While public health research has been focusing on racial disparities in health outcomes,
including sleep and mental health, experiences of racial discrimination are important underlying
factors that influence one’s sleep health and mental health. In the next section, we will briefly
discuss what racial discrimination is and the role of racial discrimination in the association between

depression and sleep health during pregnancy.

1.4 Racism and Racial Discrimination

Racism is a system that is structured to assign value and opportunity based on race. This
can manifest as certain racial groups being seen as superior (e.g.., white supremacy) or inferior. It
leads to negative beliefs (i.e., prejudice) and differential treatment (i.e., discrimination) towards
groups by other individuals and social institutions (Bonilla-Silva, 1996; Grosfoguel, 2011;
Grosfoguel, 2016; Williams, 1997). In the next sections, we will discuss the definition of racism
and racial discrimination, measurement tools of racial discrimination, and previous findings on

racial disparities in mental health and sleep health in pregnancy.

1.4.1 The Introduction of Racism and Racial Discrimination

Racism creates a global hierarchy of supremacy and inferiority based on race markers that develops

prejudice and discrimination toward race

Racism is a system that is structured to assign value and opportunity based on race. This

can manifest as certain racial groups being seen as superior (e.g.., white supremacy) or inferior
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(Jones, 2000) (Bonilla-Silva, 1996; Grosfoguel, 2011; Grosfoguel, 2016; Jones, 2000; Williams,
1997).

Jones presented a theoretic framework that explain racism in three levels: Institutional
racism, personally mediated racism, and internalized racism (Jones, 2000). Institutional racism
exists through law legislation, policies, and residential segregation. Some examples of institutional
racism include differential access to education and housing (Mendez et al., 2011; Mendez et al.,
2013; Riley, 2018). Personally mediated racism indicates the prejudice and discrimination in the
interpersonal life experiences based on one’s race-ethnicity. The examples of personally mediated
racism include lack of respect, suspicion towards criminal acts, and devaluation of individuals
(McLemore et al., 2018). Internalized racism refers to the acceptance of the forms of
discrimination by the individuals who are stigmatized and/or hold negative messages toward
themselves (i.e., self-devaluation). The examples of internalized racism include self-devaluation

and elevating “whiteness” as the norm (Jones, 2000). (Figure 3)
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Internalized Racism
Self stigmatization

Personally-mediated Racism
Differential treatments and prejudice from
other individuals

Institutional Racism
Disadvantaging individuals based on race
ethnicity through legal system and policies

Figure 3. Levels of Racism (Adapted from Jones, 2000)

In this dissertation, we will focus on a combination of institutional and personally-mediated
racism through the assessment of one’s experiences of racial discrimination with interactions with
other individuals and the systems (i.e., police, banking etc.). Racial discrimination refers to unfair,
differential treatment based on race, ethnicity, and inadequately justified factors other than race
that disadvantages a racial group (National Research Council, 2004) Racial discrimination is a
product of the concept of racism and can refers to one's interpersonal experiences of differential
treatment based on race (Williams, 1997; Ahmed et al., 2007; Bailey et al., 2017; McLemore et
al., 2018). It can be considered chronic (e.g., daily life events) or acute (e.g., occur only under
specific circumstances) including but not limited to receiving poor services and lack of respect,
suspicions as a criminal, and devaluating one’s achievement (Jones, 2000).

Experiences of racial discrimination is common in the US, specifically among Black people and

African Americans
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Racial discrimination is a relatively common occurrence in the United States, specifically
among the Black population (William & William-Morris, 2000). For example, a cross-sectional
sample of 3,716 Americans has found that around 75% of Black respondents reported experiences
of racial discrimination (Lee et al., 2019). When looking at different domains of racial
discrimination, over half of Black people reported experiencing discrimination in employment
(57%), police interaction (60%), racial microaggressions (52%) (Bleich et al., 2019). Studies have
also assessed the prevalence of racial discrimination among pregnant populations. A cross-
sectional study of two study cohorts (i.e., the Asthma Coalition on Community, Environment, and
Social Stress project (ACCESS) and Project Viva) has found the prevalence of experiencing racial
discrimination was 44 and 78%, respectively, among Black and African American pregnant people

(Ertel et al., 2012).

1.4.2 Measurement of Racial Discrimination

We included some scales from the studies that have been included in systematic review of
racial discrimination and adverse birth outcomes (Alhusen et al., 2016; Giurgescu et al., 2011). In
this section, we will introduce some measurement scales that are commonly applied in pregnancy
studies and has been validated by previous literatures. We will not include the measurement scales
that are open-ended questions, self-developed questionnaires, or scales that include more than the
concept of racial discrimination (i.e., gender discrimination).

Everyday Discrimination Scale

The Everyday Discrimination Scale (EDS) is a nine-item scale that measures experiences
of discrimination under the circumstances of being mistreated. The situations include being treated
with less courtesy and respect, receiving poor service, other people’s perspectives of thinking you
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not smart, being dishonest, people are afraid of you, being called insulted, and being threatened or
harassed (Williams et al., 1997). The EDS is a 6-point scale that measures the frequency from
never to almost everyday experiences of each item, with the overall scores ranging from 0 to 54,
with the higher scores indicating more frequent experience under these nine settings (Williams et
al., 1997). The scale also asks about individual’s perspective on the reasons for experiencing
discrimination in specific domains. The scale has an acceptable internal consistency, with a
Cronbach’s alpha of 0.88 in adults (Williams et al., 1997).

Experience of Discrimination Scale

The Experiences of Discrimination (EOD) Scale is a nine-item scale that assesses the
experience and frequency of discrimination based on race ethnicity under various settings,
including education, employment, housing, healthcare, and police settings (Kreiger et al., 2005).
The EOD scores the occurrence with a range from 0 to 9. For the frequency of each domain, it is
a 4-point scale categorized as never, once, 2 to 3 times, and 4 times or more, with a score ranges
from 0 to 45. The higher scores indicate higher experiences of racial discrimination (Kreiger et al.,
2005). The EOD scale is a valid and reliable assessment tool for one’s experiences of racial
discrimination. The Cronbach’s alpha was 0.79 in adults aged 25-64 and 0.74 among pregnant
people (Kreiger et al., 2005; Mendez et al., 2014).

Perceived Racism Scale

The Perceived Racism Scale (PRS) is a 51-item, self-reported questionnaire that measures
one’s exposure to racism under multiple dimensions including individual, institutional, overt,
covert, attitudinal, behavioral, and cultural domains. These domains were assessed through
education, employment, and public settings (McNeilly et al., 1996). The scale further asks about

individual’s coping and emotional responses while experiencing racism in these domains. It is a
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7-point scale for the measurement of frequency (i.e., 0: almost never, 7: several times a day) and
5-point scale on emotional and coping responses (i.e., 1: not at all, 5: extremely) (McNeilly et al.,
1996). The scale has adequate internal consistency, with a Cronbach’s alpha of 0.96 for assessing
frequency of experiencing racism across all domains among Black sample and 0.93 in a Latino
sample (McNeilly et al., 1996; Collado-Proctor, 1999).

Racism and Lifetime Experience Scale

The Racism and Lifetime Experience Scale (RaLES) is a series of self-reported scale that
assess experiences of racism and individual’s reactions and coping responses to the events. The
RaLES includes 5 primary racism scales and 6 supplemental scales (Harrel et al., 1997). The
primary racism scales measure the influences of race on one’s life experiences and stress and the
supplemental scales assess one’s attitudes and responses to racism. The overall scale had
acceptable internal consistency in both primary (Cronbach’s alpha: 0.72 to 0.94). and supplemental
scales (Cronbach’s alpha: 0.49 to 0.85) among Black adult samples (Harrel et al., 1997).

In summary, the assessment of racial discrimination helps us understand the common
situations and frequencies in which that individual may experience racial discrimination. The
information is beneficial for raising the awareness of racial discrimination in particular situations
and to reduce the incidents. One major disadvantage of the measurement tools for racism/racial
discrimination is that the scales are subjective, and the individuals may have different definitions
of feeling racially discriminated under the same settings. However, it is important to understand
the perspectives of feeling racially discriminated as these may be the underlying stressors and

therefore, are crucial to one’s health.”
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1.4.3 Racial Discrimination and Sleep health During Pregnancy

Since racial differences exist in health outcomes, it is important to also examine racial
discrimination in healthcare settings where people may be racially discriminated by receiving
differential treatment, more likely being viewed as poorer health, or self-reported as poorer health
based on race ethnicity. While pregnant people require more health monitoring and care during
this time, it is important to identify racial discrimination in healthcare, which may contribute to
racial differences in health outcomes. A US nationally representative sample of non-Hispanic
white and Black samples reported 32% of Black participants experienced discrimination in clinical
settings. Furthermore, 22% avoided healthcare due to anticipated discrimination (Bleich et al.,
2019). Furthermore, racial discrimination in healthcare settings exist among Black and Hispanic
people even for those who had similar income and socioeconomic levels as white people. Non-
Hispanic Black and Hispanic people experienced more discrimination than white people who are
at the similar income and socioeconomic levels. Specifically, Black people reported higher
exposure to unfair treatment in clinical settings than whites and results in poorer perspective
toward self-rated health than other racial groups (Colen et al., 2018). Therefore, experiences of
racial discrimination are crucial for examining racial disparities in mental health and sleep health.
Figure 4 shows the overall conceptual model of the association between racial discrimination and
sleep health during pregnancy. The graph is revised based on the conceptual framework by
Williams & Mohammed, (Williams & Mohammed, 2013). The authors discussed basic causes
including biological, societal aspects and racism that differentiate social levels and link to health
through multiple pathways: cultural (i.e., prejudice and discrimination), stress (i.e., racial
discrimination), opportunities (education, employment, income), and resources (i.e., healthcare,

housing, neighborhood) (Abdullah & Williams, 1997; Brown, 2011; Jackson, 2017). In the
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following sections, we will discuss some previous studies on experiences of racial discrimination

(i.e., personally-mediated racism) and racial disparities in sleep health.

Pathways

Culture Stress

Stigma Experiences of racial
Existing prejudice and discrimination, stressors,

Basic causes Social levels discrimination threats - Sleep health during
Biological, societal, SES, race, pregnancy
racism demographics Resources Opportunity
Healthcare, housing, Employment status, income,
neighborhood educational level

Figure 4. The Conceptual Framework of Racial Discrimination on Mental Health and Sleep Health During

Pregnancy (Adapted from Williams & Mohammed, 2013)

Racial discrimination is associated with poor sleep outcomes

Studies have shown racial differences in sleep health, though the association is attenuated
after adjusted for experiences of racial discrimination (Christian et al., 2019; Kalmbach et al.,
2019). For example, a cross-sectional survey sample based in the Midwestern US has found racial
differences were no longer significant after the adjustment for racism-related vigilance (i.e.,
preparation and anticipation of discrimination) in all three racial groups (Black, White, and
Hispanic people). Furthermore, Black people reported a higher level of vigilance than whites
(Hicken et al., 2013). These study results suggest an association between racial discrimination as
an important determinant of one’s sleep health (Clark et al., 2006; Hicken et al., 2013; William &
Mohammed, 2009). However, the findings on racial discrimination as a potential risk factor for
poor sleep health during pregnancy are limited. A study with both cross-sectional (n=640) and
longitudinal data (n=133) on perinatal women’s experiences of discrimination (i.e., Experiences

of Discrimination Scale) and sleep quality (i.e., PSQI) found a cross-sectional association between
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everyday discrimination and sleep quality (B=0.078, 95%CI: 0.026, 0.129). Everyday
discrimination was associated with daytime alertness (=0.009, 95%CI: 0.002-0.019) among
Black women (Francis et al., 2017). A previous systematic review has collected 17 studies on
assessing the relationship between racial discrimination and sleep (Slopen et al., 2016). The
majority of the studies measured interpersonal racism within work and healthcare settings. One
study assessed institutional racism in the concept of pay cut among nurses and one evaluated
racism-related vigilance as the exposure to sleep health (Greenberg, 2006; Hicken et al., 2013).
The systematic review indicated that the measures of everyday experiences of racial discrimination
and racism-related vigilance are positively associated with poor sleep quality or identified sleep
difficulties (Slopen et al., 2016). Furthermore, these studies were focusing on non-pregnant
populations, which highlights the need to further investigate the association between racial
discrimination and sleep health among pregnant populations. Racial disparities in sleep health are
more than just self-identified race ethnicity, the experiences of racial discrimination are social
factors may be the underlying factors influencing one’s health outcomes, including sleep health.
Furthermore, sleep health was often measured through sleep quality. Franciset al.’s study on sleep
health in pregnancy further included daytime sleepiness as one of the sleep outcomes in pregnancy
(Francis et al., 2017). However, sleep health has been defined under a multidimensional concept
(Buysse, 2014). It is crucial to know what risk factors are attributing to the changes of specific
sleep dimensions and whether it affects the overall multidimensional sleep health in order to better
target the social factors for sleep health improvement in pregnancy.

In summary, the experiences of racial discrimination are potential factors for poor sleep
health. While pregnant people are experiencing substantial physical and hormonal changes, it is

necessary to know whether the experiences of racial discrimination increase the risks for poor
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sleep health in pregnancy and consider the social factor for poor sleep health in pregnancy during
the development of intervention for sleep health improvement in pregnancy, which further results

in the prevention of adverse obstetric outcomes attributed by poor sleep health during pregnancy.

1.5 Research Gaps

Previous studies indicated that poor sleep health is highly prevalent among pregnant
people. Also, poor sleep health in pregnancy is associated with a series of adverse pregnancy (i.e.,
gestational hypertension and diabetes) and birth outcomes (i.e., longer labor). Therefore,
understanding sleep patterns during pregnancy is necessary. Emerging studies have supported that
sleep health is a multidimensional concept, which can be characterized by sleep regularity,

satisfaction, alertness, timing, efficiency, and duration. While prior studies quantifying sleep

patterns during pregnancy commonly used sleep efficiency, duration, and quality to describe sleep

health, sleep timing and reqularity were not well characterized among pregnant people.

Furthermore, there are no studies describing sleep health during pregnancy using the composite

scoring that includes multiple sleep dimensions to characterize pregnant people’s sleep health.

Prenatal depression is depressive episodes that specifically occur in prenatal period that are
largely due to the substantial body and hormonal changes during pregnancy. Previous studies have
assessed the patterns and prevalence of prenatal depression and suggested that mental health and
sleep are more than a causal-effect relationship based on the shared pathophysiological
mechanisms. The shared biological pathways mentioned in previous sections indicate a
complicated relationship between mental health and sleep health, and this association also applies

in pregnant populations. Current research has been focusing on how poor sleep during pregnancy
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may influence prenatal depression. The findings on whether individuals with prenatal depression

are at higher risk for poor sleep health during pregnancy are limited, which becomes a barrier for

us to identify the management of prenatal mental health as a possible intervention factor for sleep

health improvement in pregnancy. Furthermore, sleep quality and duration were the most

commonly assessed parameters to represent sleep health in related studies. Sleep timing and

reqularity were not considered in related studies for quantifying sleep health during pregnancy.

Racial discrimination is the experiences of differential treatments and prejudice based on
one’s racial group and skin color that individuals have in interpersonal interaction on daily life
basis. Previous studies have seen racial disparities in multiple health outcomes including sleep
health. It has also been identified as a social factor that is urgent to solve that will result in reducing

such disparities in health outcomes. However, there are limited findings on identifying the effect

of racial discrimination in sleep health during pregnancy when pregnant people are likely to

experience decline sleep health during this time and may further impact maternal and infant health.

We don’t know what sleep dimensions may be affected by the exposure to racial discrimination,

nor do we know if the experience of racial discrimination affects the overall multidimensional

sleep health in pregnancy. ldentifying the association between racial discrimination and sleep

health during pregnancy will be beneficial for identifying social factor that should be aware of in

the developing interventions to improve sleep health during pregnancy, which may also further

improve general maternal and infant health outcomes.

In summary, sleep health is fundamental to one’s health and well-being. Studies targeting
pregnant people have found declined sleep health due to the substantial physical and hormonal
changes in pregnancy. Furthermore, the declined sleep health in pregnancy is associated with poor

pregnancy and labor outcomes. Therefore, the main goal of this dissertation was to improve sleep
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health in pregnancy to reduce adverse maternal health outcomes attributed to poor sleep health.
While previous studies have predominantly assessed sleep health by its quality and duration, the
first goal is to understand sleep in pregnancy more comprehensively through the multidimensional
concept of sleep health. Then the next step is to identify associated risk factors that should be
considered in developing strategies to improve sleep health during pregnancy. The conceptual
model revealed the associations that have been found to be associated with sleep health during
pregnancy. Due to the close relationship between depression and sleep by shared biological
pathways and symptoms, it is necessary to consider prenatal depression as a potential factor for
poor sleep health during pregnancy. Additionally, the experiences of racial discrimination are
chronic stressors that negatively affect health and well-being and may introduce racial differences
in health. The findings on the effects of racial discrimination experiences on sleep health during
pregnancy were limited. Therefore, we are identifying prenatal mental health and the experiences
of racial discrimination as potential risk factors for poor sleep health during pregnancy. The
successful completion of the dissertation will indicate the importance of improving mental health
and racial discrimination as potential strategies to improve sleep health in pregnancy and hopefully
world further reduce negative maternal health outcomes attributed to poor sleep health during

pregnancy. (Figure 5, 6)
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2.0 Proposed Research Aims

To fulfill the identified research gaps, we propose the following research questions and
hypotheses for this dissertation:

Aim 1: To describe multidimensional sleep health and identify sleep patterns for each
dimension from during pregnancy.

Sleep is a critical factor for an individual’s health and well-being. Due to the significant
physical and hormonal changes, poor sleep health is highly prevalent in pregnancy and is
associated with adverse pregnancy and birth outcomes. Therefore, understanding sleep health
during pregnancy is important. Prior studies have been assessing sleep patterns during pregnancy
mainly through sleep duration and efficiency. However, emerging studies indicate that sleep health
is a multidimensional concept. Understanding how different sleep dimensions change throughout
pregnancy is necessary to better characterize sleep patterns during pregnancy. Furthermore, sleep
dimensions such as sleep timing and regularity has not been characterized in pregnancy. Therefore,
the first aim of this dissertation is to identify and describe the patterns of multidimensional sleep
health in pregnancy with a sample of nulliparous women. We will describe changes in overall
composite sleep health score as well as each dimension, specifically on timing and regularity, from
early to mid-pregnancy.

Aim 2: To determine the association between early prenatal depression and sleep
health during pregnancy.

Prenatal depression is not uncommon due to the substantial physical and social role
changes in pregnancy. Depression and sleep health share similar pathophysiological mechanisms
and therefore, the relationship between mental health and sleep is complicated. Prior studies have
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assessed how sleep impacts the risks for depression during pregnancy, but there are limited
findings on how prenatal depression may increase the risks for poor sleep health.

The second aim of this dissertation is to examine the cross-sectional and longitudinal
associations between early prenatal depression and multidimensional sleep health in pregnancy.
We will fulfill the research gap of whether women with prenatal depressive symptoms during early

pregnancy are at higher risks for poor sleep health during pregnancy. We hypothesize that women

with self-reported prenatal depressive symptoms are more likely to have poor sleep health during
early and mid-pregnancy.

Aim 3: To examine the association between lifetime experiences of racial
discrimination and sleep health during pregnancy.

Based on the previous findings, racial differences exist in sleep health, and the effects of
race ethnicity attenuate after the adjustment of racism. Therefore, racism may be an underlying
risk factor for poor sleep health. However, studies exploring the relationship between racism and
sleep health during pregnancy are limited. While poor sleep health in pregnancy may result in poor
health and well-being of pregnant people and offspring, it is necessary to consider the social factors
related to poor sleep health among pregnant people and raise the awareness of eliminating racism
as a potential strategy to improve pregnant people’s sleep health and well-being.

The third aim of this dissertation is to examine whether the self-reported experiences of
racism is associated with sleep health during pregnancy. The completion of this research aim will
fulfill the gap of identifying social factors contributing to racial disparities in sleep health in
pregnancy and consider the experiences of racism in the interventions of sleep health improvement

during pregnancy. We hypothesize that women with the experiences of racism are at higher risks

for poor sleep health during pregnancy than women with no experience of racism.
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3.0 Methods

3.1 Overview of the Project

Figure 7 shows the proposed aims in this dissertation. First, we will describe multiple sleep
dimensions in pregnancy and characterize multidimensional sleep health using composite scoring.
We will also describe sleep health by age and race. Then, we will identify whether women with
self-reported prenatal depression during early pregnancy are at higher risks for poor or declined
multidimensional sleep health during pregnancy. Lastly, we want to know whether experiences of

racial discrimination are associated with multidimensional sleep health during pregnancy.

Multidimensional sleep health

Prenatal mental health ’

. > Efficiency
Prenatal depression J

Duration
Quality
Satisfaction
Alertness
Timing
Regularity

[ Racial discrimination } >

Aim 3a. To examine the association between lifetime experiences of racial
discrimination and sleep health (individual dimensions and overall Aim 1a. To describe pregnant women's
multidimensional sleep health) during rearly and mid-pregnancy multidimensional sleep health using

composite Z scoring
Aim 1b. To describe changes in each sleep

dimension during pregnancy

Figure 7. Proposed Research Aims
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3.2 Study Population

The details of the study population were described in the protocol paper from the parent
study (Haas et al., 2015). Nulliparous Pregnancy Outcome Study: Monitoring Mothers-to-Be
(nuMom2b) is a multi-site prospective cohort study conducted through 2010 to 2013. The main
goal of the nuMom2b study was to determine maternal genetic and physiologic characteristics
related to adverse pregnancy and birth outcomes. Nulliparous women in the first trimester of
pregnancy were enrolled from hospitals affiliated with eight research sites: Case Western
University; Columbia University; Indiana University; University of Pittsburgh; Northwestern
University; the University of California at Irvine; University of Pennsylvania; and the University
of Utah. Pregnant people who plan to deliver their baby at the hospitals affiliated with the study
sites were screened for eligibility. The eligibility criteria are (1) viable singleton pregnancy
between 6 weeks+0 days and 13 weeks+6 days of gestation based on the ultrasound assessment
(2) No previous pregnancy that lasted > 20weeks through self-reported data and further verified
through medical records, if available. Women with age under 13 or with a previous history of > 3
spontaneous abortions and known fetal complications were excluded. The study has been approved
by the institutional review boards with the protection of human subjects.

Figure 8 shows the participant flowchart from original cohort to the number of participants
with complete self-reported sleep data. A total of 10,037 women were recruited for the parent
study. A total of 8,799 (87.7% of total cohort) participants had self-reported sleep data from the
first (n=6,875) or the third visit (n=6,914). 5,717 participants had complete self-reported sleep data
of all six sleep dimensions from both visit 1 and 3. After excluding the samples with listed criteria,

sleep survey data is available in 7,104 pregnant people and will be included in our analyses.
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Original nuMom2b cohort
(n=10,037)
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All samples with at least some

All samples with at least some
self-reported sleep data self-reported sleep data at both visits self-reported sleep data at both visits
(n=8,799) (n=8,799) (n=8,799)

¢ I . ‘_% i_l—'

‘ All samples with at least some ’

Samples with complete visit Samples with complete visit With complete sleep With complete with complete With complete sleep
1 self-reported sleep data 2 self-reported sleep data data at visit 1 sleep data at visit 3 sleep data at visit 1 data at visit 3
(n=6,875) (n=6,914) (n=6,875) (n=6,914) (n=6,875) (n=6,914)

l J
!
Samples with extreme values

removed for z score calculation
(n=5,257)

[

With complete racial discrimination
data at visit 2, and sleep data at visit
1 and 3(n=5,190)

Y

With complete EPDS and sleep data
at both visits (n=5,165)

Figure 8. Participant Flowchart

3.3 Data Collection

There were three visits throughout the prenatal period. Participants signed the informed

consent before study visits. Visit 1 was completed between 6 weeks+0 days and 13 weeks+6 days
of gestation. Visit 2 was completed between 16 weeks+0 days and 21 weeks+6 days of gestation.
Visit 3 occurred between 22 weeks+0 days and 29 weeks+6 days of gestation. The follow-up visits
(visit 2 and 3) occurred at least 4 weeks after the latest visit (visit 1 and visit 2). The timings of
data collection correspond to the regular prenatal care visits and before most preterm births.

Research data were not available to the clinical caregivers (Haas et al., 2015).

Table 3 shows the time of data collection for the variables of interest in our study.

Sociodemographic characteristics and prepregnancy health conditions were collected at the first

study visit through detailed interviews. Further follow-up on the changes was recorded across all
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visits. Data on self-reported sleep questionnaires were collected in the first and third visits. Data
collected for prenatal depression were available in visits 1 and 3 and individual’s experiences of

racial discrimination was collected at the second study visit.

Table 3. Data Availability for Completion of Study Aims

Variables Visitl Visit2 Visit 3
Sociodemographic characteristics V V \Y
Prepregnancy-related variables (i.e., prepregnancy BMI, gravidity, gestational age at enroliment) V
Sleep survey questionnaire \ \Y
Edinburgh Postnatal Depression Scale \ \Y
Experiences of discrimination scale (EOD). V
Multidimensional Scale of Perceived Social Support V V \

3.4 Measures of Interest

Multidimensional sleep health

We will use the data on self-reported sleep questionnaires from visit 1 and visit 3 to assess
women's multidimensional sleep health. Multidimensional sleep health can be measured through
both subjective and objective assessment (Buysse, 2014). A substudy of objective sleep assessment
was conducted during the second visit. However, we will only use the self-reported sleep data for
the following reasons: (1) The nature of subjective and objective sleep measurement differs. The
differences in sleep during pregnancy is more apparent in self-reported data than through objective
sleep measures (Zhang & Zhao, 2007). (2) The substudy's objective sleep measures were only
available among participants > 18 years of age and with no pre-existing hypertension and diabetes.

The populations were different between the subjective and objective sleep measures in this study.
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We will use the empirical thresholds for each sleep dimension from previous findings to
report the percentage of good sleep health in each sleep dimension and to calculate composite sleep
health score centering from these thresholds. To assess sleep regularity, we will calculate weekend-
weekday differences in waketime, bedtime, and midpoint sleep. And to further define regular
sleep, pregnant people with weekend-weekday differences in waketime, bedtime, and midpoint
sleep less than 2 hours will be considered as regular sleep (Beauvalet et al., 2017). Satisfied sleep
is self-rated “very good” or “good” sleep based on a question from the questionnaire asking:
“Overall, was your typical night's sleep during the last 4 weeks: very good, good, fair, poor, very
poor”. Sleepiness is one of the parameters assessed for alertness. We will use ESS score to assess
individuals’ sleepiness in early and mis-pregnancy. Low sleepiness is assessed through an ESS
score of 10 or less (Johns, 2000). We will assess sleep timing through the calculation of midpoint
sleep between bedtime and waketime: bedtime + (wake time - bedtime). Appropriate sleep timing
are individuals who had a midpoint sleep between 2 to 4 am (Dong et al., 2019) We will measure
sleep continuity as one of the sleep parameters for efficiency. Continued sleep are individuals with
wake after sleep onset for less than 40 minutes (Ohayon et al., 2017). Finally, we assessed sleep
duration in a week by considering weekday and weekend sleep duration: ([weekday/workday
duration x 5] + [weekend duration x 2]) / 7. Sufficient sleep duration is defined with two thresholds
based on individual’s age: 8 to 10 hours for individuals aged 13-17 and 7 to 9 hours for individuals
aged 18 and over (Hirshkowitz et al., 2015). Table 4 shows the definition of each sleep dimension
is described as followed. We will incorporate the definition of each sleep facet from previous
studies that applied the concept of multidimensional sleep health in other populations and prior
research under the same parent study (Facco et al., 2018; Dong et al., 2019). To calculate

composite sleep health score, we will calculate the z scores for each dimension centering from the
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empirical threshold. Individuals with extreme performance (i.e., lower than Q1-3%IQR or higher
than Q3+3%IQR) in each sleep dimension with extreme values were removed from the calculation
of z scores. Then we will recode each dimension to the same direction that the higher score
indicates better sleep health. Finally, we rescale the z score to a range of 0-1 for each dimension
and sum up the scores from all dimensions. The composite sleep health score will range from 0-7

with the higher score indicates better sleep health.

Table 4. Definitions of Each Component of Multidimensional Sleep Health

Sleep dimension Operationalization Definition of good sleep health

Regularity Weekend-weekday differences in waketime and bedtime < 2 hours (Beauvalet et al., 2017)

(Roepke & Duffy, 2010)

Satisfaction From a self-reported question: "Overall, was your typical Rated "good" or "very good"

night's sleep during the last 4 weeks: very good, good, fair,
poor, very poor".

Sleepiness The Epworth Sleepiness Scale (ESS), 8-item, four-point scale ESS score < 10 (Johns, 2000)

with a score range from 0-24 (Johns, 1991)

Timing Midpoint sleep: bedtime + (wake time - bedtime) (Faccoetal., 2to 4 am (Dong et al., 2019)
2017)

Efficiency-Continuity Wake time after sleep onset (WASQ) = sum of time spent < 40 minutes (Ohayon et al., 2017)
awake between first fall asleep and fully awake through
nighttime sleep (Ohayon et al., 2017)

Duration Sleep duration: ([weekday/workday duration x 5] + [weekend Age 18+: 7 to 9 hours

duration x 2]) / 7 (Facco et al., 2018) Age 13-17: 8 to 10 hours
(Hirshkowitz et al., 2015)

Prenatal depression

To understand how mental health in early pregnancy affects sleep health, we will utilize
the data of prenatal depression from early (i.e., visit 1) and mid-pregnancy (i.e., visit 3) and
examine whether early prenatal depression increases the risks for poor sleep health in pregnancy.

We will use the Edinburgh Postnatal Depression Scale (EPDS) data during the first and the
third visits to assess prenatal depression. The EPDS is a 10-item self-reported scale for postnatal

depression screening. A higher EPDS score indicates a greater level of depressive symptoms. The
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EPDS is a valid tool to measure depressive symptoms with 86% sensitivity and 78% specificity
(Cox et al., 1987). It has also been widely used among pregnant people for screening prenatal
depression and across different populations (Bergink et al., 2011; Rubertsson et al., 2011; Su et
al., 2007). To be consistent with the definition from prior research under the same parent study, an
optimal cutoff at the sum of EPDS score > 10 out of 30 will be defined as probable prenatal
depression (Grobman et al., 2016).

Experiences of racial discrimination

In the nuMom2b study, the experiences of racial discrimination were assessed using the
experiences of discrimination scale (EOD) (Krieger et al., 2005). The data were collected at the second
study visit during the prenatal period asking about lifetime experiences of racial discrimination. The EOD
Scale has acceptable internal consistency (Cronbach's alpha=0.74) in assessing one's experiences of racial
discrimination under the study sample of Black people, Hispanics, and whites (Krieger et al., 2005).

In the nuMom2Db study, the questionnaire asked individuals their all-time experiences on
whether they encounter racial discrimination under nine situations, including at school, getting
hired, at work, housing, medical care, getting service in a store or restaurant, getting credit, under
public settings and from the police (Krieger et al., 2005) In the original scale, the questions include
a binary yes/no response and frequency for each condition (i.e., Once, two or three times, Four
times or more). In the nuMoM2b study, there were only binary responses to each question
(Yes/No). We will add up the binary response (Yes=1/No=0) for each condition. The score will
range from 0 to 9, with the higher score indicating a higher level of experiences in racial
discrimination. We categorize individuals into with 3 or more situations of racial discrimination
experiences or no experience of racial discrimination (Grobman et al., 2016).

Potential confounders
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The covariates that we considered in the study were based on previous studies related to
pregnancy, sleep health, and prenatal depression, as well as the prior studies that used the same
parent study data (Grobman et al., 2016; Facco et al., 2018). Demographic characteristics include
maternal age, race, ethnicity, educational level, family income, and insurance type will be
considered as covariates in both second and third aims. To examine the association between early
prenatal depression and sleep health during pregnancy, we will further control prenatal physical
activity level and self-reported social support. Social support was assessed through the
Multidimensional Scale of Perceived Social Support (MSPSS). The MSPSS is a self-reported, 12-
item, 7-point scale that assesses individual’s social support level through family, friends and
significant other. The score ranges from 12 to 84 with the higher score indicates better social
support (Ziment et al., 1990). The MSPSS is a valid instrument to assess individual’s social support
level in pregnancy with a reported Cronbach’s alpha of 0.9> in a pregnant sample from Pakistan
(n=1,154) (Mirabzadeh et al., 2013). Physical activity was assessed through a self-reported
question: “During the past 4 weeks, did you participate in any physical activities or exercises like
running, aerobics, gardening, ball games, or walking for exercise? - Yes, No”.

We applied directed acyclic graphs (DAG) to identify the confounding effects of covariates
and make decision on what confounders to be included in the adjusted model. DAGs allow
researchers to identify causal relationships between variables through background knowledge,
empirical literature findings, theories, and assumptions (Greenland et al., 1999; Tennant et al.,
2021). The conventional approaches that rely on statistical criteria to identify model adjustment
are unable to consider the assumptions of how each variable related and were unclear on why the
variables were chosen in the model. Without this information, the interpretation of the results may

be challenging and lacking theoretical assumptions (Arnold et al., 2020; Blakely et al., 2020). The
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statistical approach of deciding controlled factors in the model may introduce bias of mistakenly
adding in risk factors to the model that are unable to interpret for meaningful causal relationship

(Westreich & Greenland, 2013).

After identifying the minimum sufficient set of confounders for the adjusted model, we
applied Spearman correlation to observe the correlation across the exposure variable and
covariates. If some correlations were over 0.5, we further calculated the variance inflation factor
(VIF) to identify potential multicollinearity issues. A VIF of 2.5 or higher indicates a potential

multicollinearity issue.

3.5 Statistical Analysis Plan

Multidimensional sleep health during pregnancy

We will describe each sleep dimension at both time points after dichotomizing them into
“good” and “poor” dimensions with the empirical thresholds mentioned in previous sections. To
assess multidimensional sleep health and describe the percentage of women characterized as
“good” sleep health in each sleep dimension. We will also describe the distribution of the total
counts of “good” dimension of the sample. To calculate composite sleep health score, we will
calculate the z scores for each dimension centering from the empirical threshold. Then we will
recode each dimension to the same direction that the higher score indicates better sleep health.
Finally, we rescale the z score to a range of 0-1 for each dimension and sum up the scores from all
dimensions. The composite sleep health score will range from 0-7 with the higher score indicates
better sleep health. We will also identify whether there are changes in sleep dimensions and

composite sleep health score. We will use chi-square tests for categorical variables, paired t-tests
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for normally distributed continuous variables, and Wilcoxon sign-ranked tests for non-normally
distributed variables.

Lastly, we will perform the descriptive statistics for each sleep dimension and composite
sleep health score by different age groups and race-ethnicity groups. We decided the cutoffs for
age groups based on the age groups defined in the guidelines for sleep health: teenagers (13 to 17
years), young adults (18 to 24 years), and adults (25 years and over) (Ohayon et al., 2017). We
stratified the race-ethnicity groups into non-Hispanic white, non-Hispanic Black, Hispanic, Asian,
and others (i.e., American Indian, Native Hawaiian, and multi-race).

Early prenatal depression and multidimensional sleep health during pregnancy

We will examine the associations between early prenatal depression and each sleep
dimension and composite sleep health score from early to mid-pregnancy. We will first present
the descriptive statistics by the presence of prenatal depressive symptoms through the cutoffs of
the EPDS (i.e., > 10 out of 30). Next, we will conduct the bivariable analyses to test the differences
in sleep health at the first visit and covariates between each sleep dimension and composite sleep
health scores using chi-square tests for the categorical variables and student’s t-tests (parametric)
or Mann-Whitney tests (non-parametric) for the continuous variables.

There will be three associations that we will examine: 1. Cross-sectional association
between EPDS in early pregnancy and sleep health in early pregnancy, 2. Cross-sectional
association between EPDS in mid-pregnancy and sleep health in mid-pregnancy, and 3.
Longitudinal association between EPDS in early pregnancy and sleep health in mid-pregnancy.
Finally, we will apply adjusted regression analyses (confounders identified through a DAG) to
examine these three proposed associations between prenatal depression and each sleep dimension:

linear regression for the continuous sleep variables and composite sleep health score and logistic

61



regression for the dichotomized sleep dimensions. To help interpret the differences between
exposure groups for ESS and composite sleep health scores, we standardized the scores centering
from mean. This allows us to interpret how many standard deviations higher or lower the ESS and
composite sleep health score is among exposed versus non-exposed groups.

The association between lifetime experiences of racial discrimination and multidimensional sleep

health in pregnancy

First, we will describe the demographic characteristics, covariates, sleep health and
percentages of women with or without the experiences of racial discrimination in the overall
sample. We will conduct bivariable analysis on the association between the experiences of racial
discrimination and sleep health in early and mid-pregnancy. We will apply student’s t-tests for the
normally distributed continuous variables, Mann-Whitney tests for non-normally distributed
continuous variables and chi-square tests for the categorical variables. There are two associations
that we will examine: 1. Experiences of racial discrimination and early pregnancy sleep health,
and 2. Experiences of racial discrimination and mid-pregnancy sleep health. Finally, we will apply
the adjusted (confounders identifies through a DAG) linear regression analyses to examine these
three proposed associations between prenatal depression and each sleep dimension (before
dichotomized into “good” and “poor” dimensions). Logistic regression analyses will be applied to
assess these associations between racial discrimination experiences and each sleep dimension after
dichotomized into “good” and “poor” dimensions. To help interpret the differences in scores
including ESS and composite sleep health score between exposure groups, we standardized the
scores centering from mean to interpret as how many standard deviations higher or lower in ESS

and composite sleep health score among exposed versus non-exposed group.

62



4.0 Potential Limitations

There are some limitations in the study. First, we only have self-reported sleep data from
the first and the third trimester of pregnancy. We are unable to assess pregnant people's sleep
patterns fully. However, we still have a longitudinal assessment of sleep to indicate the changes
from early to mid-pregnancy and understand how each sleep dimension is affected across
trimesters. Second, we acknowledge the limited generalizability of our study sample with only
nulliparous women. We are unable to assess or control the effect of parity on sleep health during
pregnancy from our study sample. Since our samples were recruited through prenatal care
facilities, we cannot observe sleep health among underserved women. Finally, since this is a
secondary analysis from a observational study, we recognize that there are potential confounders
that were not collected and thus, we are unable to control these factors in our study, such as

environmental and neighborhood factors.
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5.0 Public Health Implications and Innovation

Over two-thirds of pregnant people reported poor sleep health during pregnancy. Poor sleep
health in pregnancy is a significant public health concern since pregnant people's health will further
affect pregnancy outcomes and birth outcomes. The field of sleep research has been dominated by
epidemiologic studies that measure sleep health during pregnancy with sleep efficiency and sleep
duration in isolation. Other sleep parameters, such as sleep timing or regularity are not well
characterized among pregnant people yet. Furthermore, studies on characterizing pregnant

people’s multidimensional sleep health are limited. Our approach is innovative because it will

measure sleep in dimensions such as sleep timing and reqularity, as well as sleep health under a

multidimensional concept. We will extend the measurement of sleep health through the roles of

daytime alertness, the regularity of sleep time, and sleep timing in pregnancy.

Since poor sleep health is an important health concerns among pregnant populations,
researchers have been examining associated risk factors for poor sleep health and consider as
intervening factors for improving sleep health during pregnancy. Therefore, our next two aims are
to examine individual and social level factors that may potentially affect sleep health in pregnancy.
Studies have found that depression and sleep health highly share the biological pathways, we do
not know much about how depression may impact one’s sleep health. Furthermore, research has
found racial disparities in sleep health where Black people tend to report poorer sleep health than
whites. However, such racial differences in sleep health no longer seen after controlling for racism-
related variables. This suggests that racism and racial discrimination may be the potential factors
for poor sleep health. Our results on identifying depression and racial discrimination will add to
the body of research for considering the management of mental health and social factors to improve
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sleep health during pregnancy. Our findings will be innovative because we further access sleep
health with multiple dimensions, which may indicate different level of impact of mental health and

social factors on sleep health in pregnancy. (Figure 9)

Dissertation aims Future research directions

. . Examine potential factors for the solution Intervention design
Discover the issue

- Promote premental mental health to
. improve sleep health in pregnancy
Describe sleep health in pregnancy

Raise awareness on individual's raical
discirmination experiences for pregnancy health,
include sleep health

Figure 9. Dissertation Aims and Future Directions

The successful completion of our project will provide information on multidimensional
sleep health during pregnancy and further identify the subgroup with higher risks for poor sleep
health. This dissertation will contribute the knowledge on sleep health during pregnancy under a
multidimensional concept and further support for better target on promoting mental health and
eliminating racial discrimination as potential factors for sleep health improvement during
pregnancy. The improvement of sleep health in pregnancy may further promote maternal health

and well-being, and reduce adverse obstetric outcomes.
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6.0 Aim 1. Multidimensional Sleep Health during Nulliparous Pregnancy: A Prospective

Cohort Study

6.1 Abstract

Background

Poor sleep health (i.e., short sleep duration, low sleep efficiency) are common in pregnancy
and are related to the increased risks for adverse obstetric outcomes. Sleep health has been defined
under a multidimensional concept. In pregnancy, most studies characterized sleep by its efficiency
and duration. While recent studies have found the association between late sleep timing and
gestational diabetes, the characterization of multidimensional sleep health in pregnancy is limited.
Methods

We used self-reported sleep data from the Nulliparous Pregnancy Outcome Study:
Monitoring Mothers-to-Be (nuMoMz2b) in early and mid-pregnancy (n=5,717). We measured
satisfaction (self-rated sleep), daytime sleepiness (Epworth Sleepiness Scale score >10), timing
(i.e., based on midpoint sleep), continuity (wake-after-sleep-onset, WASO), duration
(hours/night), and bedtime, waketime regularity (weekend-weekday difference). We further
created a composite sleep health score by summing the z scores centering from the dichotomizing
cutoffs for each sleep dimension. The score ranges from 0 to 7 with the higher score indicates
better sleep health. Finally, we described sleep health stratified by age and race-ethnicity groups.
Results

We found decreasing duration (0.2+1.1 hours) and increasing WASO (4.6£27.7) from early

to mid-pregnancy (p<.0001). The percentage of women reported satisfied sleep also decreased by
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5.2% (p<.0001). There was no difference in sleep timing (p=0.3917). We saw increased prevalence
of regular bedtime and waketime from early to mid-pregnancy (5.3% and 3.9%, respectively,
p<.0001). The composite sleep health score from the overall cohort decreased from 5.31+0.56 to
5.28+0.58. Teenagers had better satisfaction, duration, less awakening, but more sleepiness, later
sleep timing than other age groups. The sleep health pattern was similar across racial groups.
Conclusion

While the composite sleep health scores were consistent from early to mid-pregnancy, there
are changes in specific sleep dimensions. Sleep satisfaction, duration, and continuity declined

while sleep timing was consistent and regularity improved from early to mid-pregnancy.

6.2 Background

Sleep health in pregnancy is important for promoting short and long-term maternal and
fetal health. For example, short sleep duration, low sleep efficiency and poor sleep satisfaction,
are related to the increased risks for pregnancy complications (i.e., gestational diabetes and
hypertension) and labor outcomes (cesarean delivery, prolonged labor) (Cai et al., 2017;
Champagne et al., 2009; Facco et al., 2010; Facco et al., 2017; Okun et al., 2007; Reutrakul et al.,
2011; Roca et al., 2020; Xu et al., 2018). Sleep is crucial for body restoration that renormalize
molecular, cellular, and cognitive functions (Vyazovskiy, 2015). Based on previous findings, poor
sleep quality, short sleep duration and low sleep efficiency are highly prevalent among pregnant
people. For example, a Canadian cohort of low-risk pregnant people (n=260) found that the
prevalence of poor sleep quality (i.e., Pittsburgh Sleep Quality Index, PSQI>5) increased from

36% in the first trimester to 56% in the third trimester (p=0.01) (Naud et al., 2010). A cross-
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sectional study of 2,427 women found that the average nighttime sleep duration was 7.01
hours/night among those within the first two months pregnancy and 6.75 hours/night among those
over 8 months pregnancy (p<0.001) (Mindell et al., 2015) A prospective study of 123 women
reported a decreasing trend in sleep efficiency (i.e., percentage of time spent asleep in bed) from
early (77.0£11.8%) to late pregnancy (74.1+13.1%, p=0.007) (lzci-Balserak et al., 2018).

Sleep health has been defined as "a multidimensional pattern of sleep-wakefulness, adapted
to individual, social and environmental demands, that promotes physical and mental well-being."
(Buysse, 2014). We can characterize the multidimensional nature of sleep by its regularity (e.g.,
consistency of sleep timing), self-reported satisfaction/quality, daytime alertness (e.g., daytime
effects of sleep), timing (i.e., when sleep occurs), efficiency (i.e., time asleep while in bed), and
duration (Buysse, 2014). Prior studies among in non-pregnant populations provide evidence that
multidimensional sleep health is more strongly associated with health outcomes (i.e., mental
health, cognitive outcomes, mortality) than individual sleep dimensions (Dong et al., 2019;
Wallace et al., 2019). However, in pregnancy, there is limited data on multidimensional sleep
health. For example, a scoping review of studies of sleep during pregnancy by Ladyman & Signal
indicated that the sleep during pregnancy is most often characterized by its duration, efficiency,
and quality, with limited data on alertness, regularity, or timing. Of the 24 studies reviewed,
approximately 90% assessed sleep efficiency and sleep duration in pregnancy, and only 25%
assessed alertness and 17% measured sleep timing, none of the study included in the review has
assessed sleep regularity during pregnancy (Ladyman & Signal, 2018). The patterns on other sleep
dimensions (i.e.,sleep timing and regularity) are limited while there is an association between those
sleep dimensions (i.e., later sleep timing) and pregnancy complications (i.e., gestational diabetes)

(Facco et al., 2017). Thus, no study has used a sleep health lens that considers all of these domains
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simultaneously in pregnant people. Given the multi-dimensional nature of sleep, which
independently and likely interactively impact health outcomes, it is important to define and
describe multidimensional sleep health to consider the intertwined contribution of multiple sleep
dimensions and describe domains of sleep health and a combination of multiple sleep
characteristics in pregnancy.

To fill this research gap, the objective of this study is to characterize multidimensional
sleep health in early and mid-pregnancy in a community-based sample of nulliparous women.
First, we provided estimates of sleep in individuals dimensions and the prevalence of “good” sleep
health each dimensions. Next, we described overall multidimensional sleep health as a composite
of good sleep health in all dimensions assessed. Lastly, we characterized sleep by age and race
because sleep recommendations in some dimensions change by age (Ohayon et al., 2017). and

prior studies have noted racial disparities in sleep (Williams et al., 2015; Feinstein et al., 2020).

6.3 Methods

Study design and settings

This study is a secondary analysis from the Nulliparous Pregnancy Outcome Study:
Monitoring Mothers-to-Be (nuMoM2b). The primary aim of the nuMom2b study was to determine
maternal characteristics (i.e., genetic and physiologic response to pregnancy and environmental
factors) that predicts adverse pregnancy outcomes. nuMoM2b is a multi-site cohort study
conducted from 2010 through 2013 with eight study sites: Case Western University; Columbia
University; Indiana University; University of Pittsburgh; Northwestern University; the University

of California at Irvine; University of Pennsylvania; and the University of Utah. There were three
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study visits during pregnancy. Visit 1 was between 6 weeks+0 days and 13 weeks+6 days of
gestation, followed by visit 2 completed between 16 weeks+0 days and 21 weeks+6 days of
gestation. Visit 3 was between 22 weeks+0 days and 29 weeks+6 days of gestation. The follow-
up visits (visit 2 and 3) occurred at least 4 weeks after the latest visit (visit 1 and visit 2). The
timings of data collection correspond to the regular prenatal care visits and before most preterm
births. The study collected self-reported sleep data in the first and the third study visits. Participants
signed the informed consent before the first study visits. We refer readers to Haas et al.'s protocol
paper for additional details on study procedures (Haas et al., 2015).
Study sample

In the first trimester of pregnancy, nulliparous women who planned to deliver their baby
at one of the affiliated hospital study sites were screened for eligibility. The eligibility criteria were
(1) viable singleton pregnancy between 6 weeks+0 days and 13 weeks+6 days of gestation based
on the ultrasound assessment (2) No previous self-reported pregnancy > 20weeks gestational
determined, which was further verified through medical records, if available. Exclusion criteria
included 1) age under 13, 2) a previous history of > 3 spontaneous abortions, and 3) known fetal
complications. In this secondary analysis, we further excluded participants without complete self-
reported sleep data on all six sleep dimensions (future described below) at both visits. The
complete case sample size for our analysis was 5,717 nulliparous women. For the calculation of
composite sleep health z score, individuals with extreme values were removed, a total of 5,257
nulliparous women were included for the composite sleep health scoring. (Figure 10).

Definition of sleep dimensions and multidimensional sleep health

We used self-reported sleep using validated questionnaires at visit 1 and visit 3. To assess

multidimensional sleep health in pregnancy, we further dichotomized sleep health with the
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empirical thresholds that were based on the recommendations by the National Sleep Foundations
or developed in prior studies. We calculated three indicators of weekly sleep regularity- bedtime,
waketime and midpoint sleep regularity. All three indicators were calculated through the weekend-
weekday differences in bedtime, waketime and midpoint sleep (Roepke & Duffy, 2010). We
defined regular sleep with the weekend-weekday differences in bedtime and waketime less than 2
hours (Beauvalet et al., 2017). Sleep satisfaction was assessed through a self-reported question in
the sleep health questionnaire: “Overall, was your typical night’s sleep during the last 4 weeks:
very good, good, fair, poor, very poor”. We defined satisfied sleep with individuals rated their
overall sleep in the last month as “good” or “very good”. We used the Epworth Sleepiness Scale
(ESS) to assess daytime sleepiness, a measure of alertness. The ESS is an 8-item scale with each
item scores from 0 to 3 and an overall ESS score ranging from 0 to 24. The higher ESS score
indicates a higher level of daytime sleepiness (i.e., poorer alertness) (Johns, 1991). Individuals
with ESS score over 10 are considered to have excessive daytime sleepiness, and an ESS score of
16 or more suggests a high level of excessive daytime sleepiness (Johns & Hoking, 1997; Johns,
1991). The ESS has acceptable internal consistency (Cronbach’s alpha=0.77) for pregnant people
and is a validated tool to assess daytime sleepiness (93.5% sensitivity and 100% specificity)
(Johns, 2000; Johns, 1992; Tsai et al., 2016). Low sleepiness was individuals who had a ESS score
of 10 or less (Johns, 2000). Sleep timing was defined through midpoint sleep between bedtime and
waketime, which was calculated through: bedtime + (wake time - bedtime) (Facco et al., 2017).
Appropriate sleep timing were individuals with a calculated sleep timing between 2 to 4 am (Dong
et al., 2019) Wake after sleep onset (WASO), is a measure of sleep continuity, a similar construct
as sleep efficiency. WASO was estimated by the sum of time spent awake between first fall asleep

and fully awake through nighttime sleep (Ohayon et al., 2017). We defined continued sleep as
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individuals with less than 40 minutes awaking through nighttime sleep (Ohyaon et al., 2017). Sleep
duration was assessed through a weekly average sleep duration weighted by workdays and
weekends: ([weekday/workday duration x 5] + [weekend duration x 2]) / 7 (Facco et al., 2018).
Good sleep duration was individuals with a weighted average sleep duration of 8 to 10 hours
among participants aged between 13 to 17 and 7 to 9 hours for participants over 18 years of age
(Hirshkowitz et al., 2015). (Table 4) We further counted the numbers of “good” sleep dimensions
and describe the changes of the counts from early to mid-pregnancy. We will describe the
calculation of the composite sleep health score in the later section.

Demographic characteristics

Demographic and pregnancy-related variables were collected through detailed interviews
at the first visit (Haas et al., 2015) We described the following variables: gestational age (weeks)
and maternal age at enrollment (years), race-ethnicity (i.e., non-Hispanic white, non-Hispanic
Black, Hispanics, Asians, American Indian, Native Hawaiian, Multiracial), educational level (i.e.,
less than high school degree, high school graduated or GED, some college, college graduated,
beyond college degree), insurance type (i.e., governmental, military, personal income, other),
poverty level (i.e., income as a percentage of 2013 federal poverty level), prepregnancy BMI
(kg/m?), and gravidity (i.e., 1, 2, 3 or more). Prepregnancy BMI was calculated by dividing self-
reported pre-pregnancy weight in kg by self-reported height in meters squared.

Statistical analysis

First, to understand our sample, we described the demographic characteristics of our
analytical sample. The categorical variables were presented as counts and percentages, and
continuous variables were presented as mean + standard deviation (SD). If the variables were not

normally distributed, we presented the median and interquartile range of the variables.
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Next, we described and compared each sleep dimension between early to mid-pregnancy
using chi-square tests for categorical variables, paired t-tests for normally distributed continuous
variables, and Wilcoxon sign-ranked tests for non-normally distributed variables. Then we
describe sleep dimensions dichotomously in "good"” and "poor" dimensions based on the empirical
thresholds. We reported the percentage of participants with “"good"” sleep health in each sleep
dimension. Chi-square tests were applied to compare the differences between the two visits. To
assess the composite sleep health score, we calculated the z scores for each sleep dimension
centering from the empirical thresholds. For sleep regularity, we included bedtime and waketime
regularity for the composite scoring. Individuals with extreme values (i.e., lower than Q1-3xXIQR
or higher than Q3+3xIQR) in each sleep dimension with extreme values were removed from the
calculation of z scores. After removing the samples with extreme values, we had 5,257 participants
for calculating the composite sleep health score. We scaled the scoring for each dimension from 0
to 1 based on the calculated z score. The overall composite sleep health score ranged from 0 to 7
with the higher score indicates better sleep health (i.e., closer to our empirical thresholds) . (Table
4) Finally, we performed the descriptive statistics for each sleep dimension and composite sleep
health score by different age groups and race-ethnicity groups. We decided the cutoffs for age
groups based on the age groups defined in the guidelines for sleep health: teenagers (13 to 17
years), young adults (18 to 24 years), and adults (25 years and over) (Ohayon et al., 2017). We
stratified self-reported race-ethnicity groups into non-Hispanic white, non-Hispanic Black,
Hispanics, Asian, and others (i.e., American Indian, Native Hawaiian, and multi-race).

Since we applied complete case analysis in our study, we described the missingness of
demographic characteristics and each sleep dimension. We also compared demographic and sleep

characteristics of participants with and without complete sleep data at each visit.
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We accepted a type 1 error (0=0.05) for determining the significance level of the statistical
testing. We also added the effect sizes of each sleep dimension change for the overall study sample.
We presented the effect sizes with Cohen’s d for the continuous variables and Phi coefficient for
the categorical variables. For non-normally distributed, continuous variable, we used z score from
the Wilcoxon’s signed rank test divided by the square root of n for the calculation of the effect

sizes. We used SAS version 9.4 for data management and analyses (SAS Institute, Cary, NC).

6.4 Results

Demographic characteristics

Among all samples with complete sleep data during early and mid-pregnancy (n=5,717),
the average maternal age was 28.1+5.3 years and the average gestational age was 11.6+1.5 weeks.
The majority of participants were non-Hispanic whites (70.9%), followed by Hispanic people
(13.3%) and non-Hispanic Black people (6.9%). Over half of the participants had a normal
prepregnancy BMI (54.8%). 62.9% of the samples were college or higher degree. Around 76.4%
of our samples were pregnant for the first time. Most of the participants had commercial health
insurance (79.4%) and with an income over 200% of federal poverty level (78.5%). (Table 5)

Sleep health in early and mid-pregnancy

There were changes in specific sleep dimensions between early and mid-pregnancy. Sleep
health declined from early to mid-pregnancy in satisfaction, duration and continuity. The
percentage of good sleep satisfaction decreased 5.2% (p<.0001), the average sleep duration
decreased 0.17£1.13 hours (p<.0001), and the average WASO increased 4.63£27.73 minutes

(p<.0001) from early to mid-pregnancy. The percentages of good sleep satisfaction from early to
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mid-pregnancy had a large effect size ($=0.55) while the average sleep duration and WASO had
small effect sizes in the observed changes (Cohen’s d=0.15 and -0.17, respectively).

Sleep timing was similar at early and mid-pregnancy (p=0.39). There were improvements
in sleepiness and regularity. The average ESS score decreased by 1.20+£3.68 (p<.0001) with a
medium effect size (Cohen’s d=0.32). The differences in bedtime, waketime, and midpoint sleep
between weekday and weekend were shortened by 0.12 to 0.16 hours from early to mid-pregnancy
(p<.0001). However, the effect sizes were small in the changes of regularity dimensions.

When describing the percentages of good sleep health in each sleep dimension, there were
1.5% decrease in good sleep duration (p<.0001) and 5.1% decrease in good WASO (p<.0001).
Around 71% of the participants reported good sleep timing at both early and mid-pregnancy
(p<.0001). There were 8.9% increase in percentage of participants with no excessive daytime
sleepiness (p<.0001), and an increase of 2.0 to 5.3% in good sleep regularity from early to mid-
pregnancy (p<.0001). All changes in the percentages of good sleep dimensions had medium to
large effect sizes (¢ above 0.3 as medium effect and above 0.5 as large effect) . (Table 6)

Multidimensional sleep health

For the multidimensional sleep health, the distribution of numbers of good dimensions
were similar between early and mid-pregnancy. Out of 7 sleep dimensions, 28.2% of the
participants reported good sleep health in 5 dimensions followed by 23.9% reported 6 good
dimensions in early pregnancy. In mid-pregnancy, 29.2% reported good sleep health in 5
dimensions followed by 23.5% reported 6 good dimensions. The average composite sleep health
scores were similar between early and mid-pregnancy. The average score in early pregnancy was

5.31+0.56 and 5.28+0.58 in mid-pregnancy (p<.0001). (Table7)
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Then we categorized participants based on the early-mid pregnancy difference in
composite sleep health. 1484 (28.2%) had over 0.25-point improvement in composite sleep health
z score from early to mid-pregnancy, 1708 (32.5%) had over 0.25-point decline in composite sleep
health z score from early to mid-pregnancy.

Sleep health by age groups

Age group 13-17 showed improvement in satisfaction, duration, and WASO from early to
mid-pregnancy while these dimensions declined in the other age groups, specifically in age group
25 or more. The percentage of good sleep satisfaction from early to mid-pregnancy increased in
age group 13-17 (5.9%, p=0.0046) but decreased in age group 25 or more (7.2%, p<.0001). The
average sleep duration decreased the most in age group 25 or more (0.79+0.97 hour, p<.0001).
Similarly, the proportion of good duration decreased the most in age group 25 or more (1.9%,
p<.0001). The average WASO decreased from early to mid-pregnancy in age group 13-17
(4.79+24.96 minutes), though the decrease is not statistically significant (p=0.1180). The largest
increase in WASO was age group 25 or more (5.29+26.63 minutes, p<.0001). The proportion of
good WASO increased by 8.8% in age group 13-17 (p=0.0088), but decreased in age group 18-24
(3.6%, p<.0001) and 25 or more (5.8%, p<.0001). Age group 13-17 had a delay in sleep timing
(Median (IQR): Early: 3:21 (1:45), Mid: 3:37 (1:46), p=0.0088) and a 7.4% decline in the
proportion of good sleep timing from early to mid-pregnancy (p=0.0534). The average differences
in waketime between weekdays and weekends were over 2 hours in age group 13-17 in early
pregnancy (2.34+£1.97). There was an improvement in waketime regularity in mid-pregnancy
(1.87£1.78), but the difference was not significant (p=0.0988) Both age groups 18-24 and 25 or

more had improvement in the proportion of regular bedtime (18-24: 1.6%, 25 or more: 2.4%),
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waketime (18-24: 4.0%, 25 or more: 5.7%), and midpoint sleep (18-24: 2.3%, 25 or more: 4.5%)
from early to mid-pregnancy. (Table8) (Figure 11)

For the multidimensional sleep health, the largest proportion in the counts of good sleep
dimensions in early pregnancy were 5 good dimensions in all three age groups (13-17: 32.4%, 18-
24: 26.4%, 25 or more: 28.7%) However, age group 13-17 had the largest proportion of
participants with 4 good dimensions in mid-pregnancy (36.8%) while the other two age groups
still had the largest proportion in 5 good dimensions (18-24: 29.1%, 25 or more: 29.2%). When
we look at the composite sleep health scores considering the variability to the dichotomizing
thresholds, age group 25 or more had the highest score at both early and mid-pregnancy (Early:
5.34+0.54, Mid: 5.29+0.57) the decline was significant (p<.0001), The composite sleep health
score improved by 0.20+0.73 from early to mid-pregnancy in age group 13-17 (Early: 5.12+0.63,
Mid: 5.32+0.56, p=0.0385). There was no difference in composite sleep health score in age group
18-24 from early to mid-pregnancy (Early: 5.23+0.59, Mid: 5.24+0.60, p=0.3391). (Table7)

Sleep health by race-ethnicity

Most racial groups showed decreasing proportion of good sleep satisfaction from early to
mid-pregnancy except non-Hispanic Black people. While there were 1.27% increase in good
satisfaction among non-Hispanic Black sample (p<.0001), non-Hispanic white sample had the
largest decline in the proportion of good satisfaction from early to mid-pregnancy (6.4%, p<.0001).
Sleep duration decreased and WASO increased from early to mid-pregnancy across all racial
groups. Hispanics had the largest decline in sleep duration (0.21+1.31 hour, p<.001) and non-
Hispanic whites had the largest decline in the proportion of good sleep duration (4.79%, p<.0001).
Non-Hispanic whites had the largest increase in WASO (5.25+27.55 minutes, p<.0001) and the

largest decrease in good WASO (5.85%, p<.0001) Midpoint sleep was similar between early and
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mid-pregnancy for all racial groups. All racial groups showed improvement in regular bedtime,
waketime, and midpoint sleep. Asians had the largest improvement in the all three regularity
measures and the largest improvement in good bedtime (5.72%, p=0.0001) and midpoint regularity
(4.58%, p<.0001). Non-Hispanic whites had the largest improvement from early to mid-pregnancy
in the proportion of good waketime regularity (6.33%, p<.0001). (Table9) (Figure 12)

Each racial group had similar pattern of the counts of good sleep dimensions at early and
mid-pregnancy. Most of the racial groups had the highest percentages in 5 good dimensions while
Asians had the highest percentages in 6 good dimensions (Early: 28.7%, Mid: 35.2%). Similar
results were found in composite sleep health scores, which were similar at early and mid-
pregnancy in each racial group. Asians had the highest average score at both early (5.48+0.51) and
mid-pregnancy (5.46+0.51). Non-Hispanic Black women had the lowest average composite sleep
health score at both early (5.17+£0.58) and mid-pregnancy (5.1920.60). (Table7) (Figure 12)

Comparison of samples with some self-reported data versus complete-case samples

There were 10,037 participants in the original nuMom2b cohort, (Haas et al., 2015) of
which, 8,799 participants had self-reported sleep data in at least one dimension in early or mid-
pregnancy. Of participants with some sleep data, 6,875 had data in early pregnancy and 5,717
additionally had complete follow-up sleep data in mid-pregnancy. There were no differences in
demographic characteristics between participants in the entire study cohort or participants with
some sleep data, except for race ethnicity, educational level, poverty level. Specifically,
participants in the final analytic sample had a lower percentage of African Americans, higher
education, higher income. (Appendix Table 1)

We’ve also compared the differences in sleep health between participants with some sleep

data and our final analytic sample. There was no difference in each sleep dimension between
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participants with some sleep data and our final analytic sample in both early and mid-pregnancy.

(Appendix Table 2)

6.5 Discussion

In this community-based cohort study of nulliparous pregnant people, we characterized
multi-dimensional sleep in early and mid-pregnancy. Though we did not see differences in
composite sleep health scores from early to mid-pregnancy, the observed changes in specific sleep
dimensions indicated that sleep health differs throughout pregnancy. Specifically, participants
reported sleep decline in satisfaction and duration, increased WASO, and improvement in sleep
regularity and sleepiness from early to mid-pregnancy. Participants did not report any differences
in sleep timing. When we stratified sleep health at early and mid-pregnancy by age, the youngest
age group (i.e., age 13-17) had improved satisfaction, decreased WASO and increased sleep
duration but later sleep timing, and more irregular sleep compared to the other age groups. When
we stratified sleep health by race ethnicity, non-Hispanic whites had the largest decline in the
proportion of good sleep satisfaction, good sleep duration and the largest increase in WASO.
Understanding the pattern of each sleep dimension is beneficial for targeting specific sleep
dimensions on sleep improvement at different timepoints of pregnancy.

Our findings on changes in sleep satisfaction, WASO, and sleepiness aligned with previous
studies that described sleep pattern in pregnancy. A cross-sectional study collected sleep data from
2,427 women across all gestational ages through an online survey showed similar trend in sleep
duration, WASO, and sleepiness from early to mid-pregnancy. Specifically, the average sleep

duration decreased by 0.7 hours from 2 months to 8 months pregnancy, the ESS score was the
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highest at 3 months pregnancy (10.17+4.74) and the lowest at 6 months pregnancy (9.32+4.85),
the duration of waking increased by 19.7 minutes from 2 months to 8 months pregnancy (Mindell
et al., 2015). Similarly, a longitudinal study of 325 women completed sleep questionnaires from
early to late pregnancy found decreased sleep satisfaction and duration in early pregnancy and then
decline in the second trimester. The average sleep duration decreased significantly from 8.7 hours
in the first trimester to 8.4 hours in the second trimester. Sleep satisfaction was assessed through
the proportion of women reported restless sleep. The proportion of women reported restless sleep
increased from 15.4% in the first trimester to 20.3% in the second trimester (Hedman et al., 2002).
Though we found similar trend in sleep satisfaction, duration, WASO and sleepiness comparing
our study to prior findings, our sample showed better sleep health compared to other study samples.
It is likely due to the differences in sample characteristics. While prior research found that
multiparous women experienced poorer sleep health than nulliparous women, our nulliparous
sample may be characterized with better sleep health than prior studies that included multiparous
women in the sample (Christian et al., 2019)

Previous findings on sleep timing, regularity in pregnancy were limited. Our study showed
that around 70% of women had good sleep timing at both study visits. There were some
improvements on sleep regularity when defined as a function of bedtime, but not waketime. While
almost 90% of women were able to maintain regular bedtime during pregnancy, only around 60%
could maintain regular waketime in pregnancy. Waketimes on weekends were later than on
weekdays at early and mid-pregnancy. The observed difference is likely due to the awakenings at
night that delay waketime to reach sufficient sleep, specifically on non-work days when
individuals had time to reach sufficient sleep before waking up (i.e., social jetlag) (Wittmann et

al., 2006). Furthermore, late sleep timing may be a potential risk factor for gestational diabetes
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(Facco et al., 2015). Therefore, future studies should describe changes in sleep timing and
regularity throughout pregnancy and include these dimensions when examining sleep-related risk
factors for adverse obstetric outcomes.

Another novel aspect of our study was describing multidimensional sleep health in
pregnancy using the composite scoring. The description of multidimensional sleep health gives us
the opportunity to measure sleep dimensions altogether and to consider all dimensions on the same
scale to better define sleep health. We assessed composite sleep health score through the distance
to the dichotomizing cutoff of each sleep dimension. Our results showed similar composite scores
from early to mid-pregnancy while there were changes in specific sleep dimensions. The findings
aligned with prior research that sleep health deteriorates starting from early pregnancy, with the
dynamic changes in each sleep dimension. For example, Lee’s review on the alteration of sleep in
pregnancy indicated poor sleepiness in early pregnancy was likely due to morning sickness and
hormonal changes. Enlarged uterus in later pregnancy limited sleep position and led to frequent
urination that caused increases in awakenings and shorter sleep duration in late pregnancy (Lee,
1998).

The results of sleep health stratified by maternal age were consistent with prior studies.
The youngest age group (i.e., age 13 to 17) showed better sleep satisfaction and longer sleep
duration than other age groups. Furthermore, the youngest age had increased percentage of good
sleep satisfaction, increased sleep duration from early to mid-pregnancy while the age group 25
and over showed declines in these sleep dimensions. Advanced maternal age is a risk factor for
poor sleep health during pregnancy. For example, a cross-sectional study from China indicated
that increased maternal age contributes to poor sleep quality during pregnancy (Yang et al., 2018).

Sedov et al.'s meta-analysis on sleep quality during pregnancy reported that older samples had a
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higher prevalence of poor sleep quality (Sedov et al., 2018) A meta-analysis of 24 articles by Sedov
et al. reported higher prevalence of poor sleep quality (i.e., PSQI>5) among samples with older
maternal age (Sedov et al., 2018). Likewise, a longitudinal study from Finland collected self-
reported sleep data from 325 pregnant people has found that women over 30 years of age were
more likely to report decreased sleep duration throughout pregnancy (Hedman et al., 2002). In our
study, we found that age group 13-17 had more sleepiness, later sleep timing and more irregular
sleep than other age groups. Though previous studies describing sleep timing and regularity in
pregnancy by different maternal age is scarce, these results aligned with prior studies explaining
the mechanisms of more sleepiness and irregular sleep time in younger populations. Longer screen
time before sleep among adolescents and hormonal differences between adolescents and adults are
potential reasons for more sleepiness and irregular sleep among adolescents (Carskadon et al.,
1997; Carskadon et al., 1999). However, these results were based on non-pregnant adolescents.
Future studies on sleep health among pregnant adolescents are necessary to better describe sleep
health among pregnant people at younger age.

Based on our findings, non-Hispanic whites had the largest decline in the proportion of
good sleep satisfaction, and the largest increase in WASO among all racial groups from early to
mid-pregnancy. Our results contrast with previous finding on racial disparities in sleep health.
Generally, previous studies showed poorer sleep quality and sleep duration in pregnancy among
non-Hispanic Black women compared to non-Hispanic whites. For example, a longitudinal study
with a biracial sample of 133 pregnant people has found poorer sleep quality (i.e., PSQI score)
among Black women compared to white women (Christian et al., 2019). Another nationally
representative sample in the U.S. with 2,349 pregnant people has found higher prevalence of self-

reported short sleep duration among non-Hispanic Black participants than whites (Feinstein et al.,
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2020). The differences between our results and previous finding may be associated with deviation
in sample characteristics and measurements. Our assessment of sleep satisfaction was not the same
as sleep quality assessed through PSQI. Furthermore, our sample was limited to nulliparous
women with better education and income levels. While racial disparities in sleep health exist, some
studies noted that the effects were attenuated after controlling for demographic factors (i.e.,
education, income) and racism-related variables (i.e., racism-related vigilance) (Hicken et al.,
2013). Racial disparities in sleep health are not merely racial differences. Specifically, racial
discrimination may be an underlying factor for poor sleep health (Hicken et al., 2013; William &
Mohammed, 2009). Future studies should not only describe sleep health in pregnancy through self-
identified race ethnicity, but also through the experiences related to better understand racial
differences in sleep health during pregnancy.

There are some strengths of our study. This is the first study to our knowledge that uses a
multi-dimensional sleep framework to describe sleep during pregnancy. Furthermore, we
described sleep timing and regularity in pregnancy, which have not been widely assessed when
describing sleep patterns in pregnancy.

There are also some limitations to our study. First, as a secondary analysis, we only have
self-reported sleep data available in the first and the third study visits, covering the first and the
second trimesters. We are unable to characterize multidimensional sleep health in prepregnancy
or late pregnancy states. Therefore, while previous studies indicated sleep deteriorates in late
pregnancy with significant body discomfort, we cannot capture sleep health in later pregnancy
(Hedman et al., 2002; Hutchison et al., 2012). However, we still have a longitudinal assessment of
sleep to indicate the changes from early to mid-pregnancy and understand how each sleep

dimension differs between the first and second trimesters. Second, the empirical cutoffs we used
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for dichotomizing sleep dimensions were based on general populations but not specifically on
pregnant populations. More studies on exploring thresholds for each sleep dimension is necessary
to establish thresholds for good sleep health in pregnant populations. Third, our data was limited
to self-reported sleep data. While nuMom2b study had a substudy that collected actigraphy data
on sleep health in pregnancy, the substudy has different subsample and it did not overlap the self-
reported assessment. Furthermore, self-reported data offers better assessment on sleep satisfaction
and sleepiness (Zhang & Zhao, 2007). Future studies may include both subjective and objective
assessment in describing multidimensional sleep health during pregnancy. Fourth, we described
sleep health in pregnancy among nulliparous women. The results are not representative of
multiparous populations. Furthermore, we are unable to assess the effects of parity, which has been
identified as an important factor for poor sleep health in pregnancy (Christian et al., 2019; Lee et
al., 2000). Future studies on assessing multidimensional sleep health in pregnancy should include
multiparous women to describe sleep health in pregnancy by parity. Lastly, our statistically
significant results do not necessarily reflect clinical meaningfulness on the changes of sleep health
during pregnancy. While the clinically significant level of sleep health is not yet clear, we should
interpret our results with cautions. More studies are needed to better establish the clinically

meaningful changes in sleep health during pregnancy.

6.6 Conclusion

The majority of our study sample were characterized in 4 to 5 good sleep health dimensions
out of all 7 sleep dimensions. Furthermore, the composite sleep health scores were consistent from

early to mid-pregnancy. However, there are changes in specific sleep dimensions. Sleep
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satisfaction, duration, and continuity declined while sleep timing was consistent and regularity

improved from early to mid-pregnancy. Future studies should identify the risk factors for poor

sleep health in pregnancy under a multidimensional concept to seek solution for improving sleep

health in pregnancy and further reduce the risks for poor obstetric outcomes.

6.7 Aim 1 Tables and Figures

All samples with at least some
- self-reported sleep data
(n=8,799)

Original nuMomzb
cohort (n=10,037)

With complete sleep data at
the first study visit
(n=6,875)

With complete sleep data
at both visits (n=5,717)

Figure 10. Aim 1 Participant Flowchart
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Table 5. Aim 1 Demographic Characteristics of the Study Sample

Complete case (n=5,717)

Variables Mean + SD
Gestational age at enrollment (weeks) 11.59+1.49
Maternal age at enrollment (years) 28.08+5.23
Variables N (%)
Race ethnicity
Non-Hispanic White 4054 (70.91)
Non-Hispanic Black 394 (6.89)
Hispanic 760 (13.29)
Asian 262 (4.58)
Other? 247 (4.32)
Prepregnancy BMI categories
<18.5 kg/m? (Underweight) 114 (2.02)
18.5-<25 kg/m? (Normal weight) 3096 (54.77)
25-<30 kg/m? (Overweight) 1419 (25.10)
30-<35 kg/m? (Obese) 593 (10.49)
35+ kg/m? (Morbidly obese) 431 (7.62)
Educational level
Less than high school degree 218 (3.81)
High school graduated or GED 440 (7.70)
Some college 922 (16.13)
Assoc/Tech college 541 (9.46)
Completed college 1946 (34.04)
Beyond college degree 1649 (28.85)
Gravidity
1 4368 (76.40)
2 1043 (18.24)
3+ 306 (5.35)
Insurance type (May be more than one type)®
Governmental 1004 (17.64)
Military 43 (0.76)
Commercial 4519 (79.39)
Personal income 1165 (20.47)
Other 64 (1.12)

4 Other racial ethnicity groups include: American Indian, Native Hawaiian, Multiracial, and other

® Participants may select more than one insurance type, the sum of the overall number of all insurance types
may exceed the sample size

*p<0.05; **p<0.01
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Table 5. Aim 1 Demographic Characteristics of the Study Sample (cont.)

Complete case (n=5,717)

Variables N (%)
Income in percentage of federal poverty level (%)
>200% 3933 (78.53)
100-200% 613 (12.24)
<100% 462 (9.23)

2 Other racial ethnicity groups include: American Indian, Native Hawaiian, Multiracial, and other

® Participants may select more than one insurance type, the sum of the overall number of all insurance types
may exceed the sample size

*p<0.05; **p<0.01
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Table 6. Aim 1 Description and Changes of Sleep Dimensions from Early to Mid-pregnancy

Early pregnancy  Mid-pregnancy  Difference ?

Sleep dimensions Mean = SD Mean = SD Mean+SD  Effectsize  t statistic p-values

Duration (hr) 7.96+1.19 7.79£1.22 0.17+£1.13 0.15 11.43 <.0001**
Epworth Sleepiness Scale (ESS) Score 7.68+3.98 6.49+3.95 1.20+3.68 0.32 2457 <.0001**
Wake after sleep onset (WASO, min) 22.71+26.12 27.34+28.43 -4.63+27.73 -0.17 -12.63 <.0001**
Midpoint sleep (a.m.) 3:10 (1:16) 3:09 (1:19) 0:00 (0:35) 0.01¢ 0.82°¢ 0.3917°¢
Weekend-weekday difference in bedtime (hr) 0.97+1.29 0.86+1.21 0.12+1.13 0.10 7.80 <.0001**
Weekend-weekday difference in waketime (hr) 1.73+1.38 1.59+1.33 0.15+1.24 0.12 8.86 <.0001**
Weekend-weekday difference in midpoint sleep (hr) 1.39+1.64 1.22+1.40 0.16+1.49 0.13 10.01 <.0001**
Percentage of good sleep health n (%) n (%) % Effect size X2 statistic p-values

Good sleep satisfaction 2376 (41.56) 2078 (36.35) 5.21 0.55 1739.72 <.0001**
Sufficient duration 3904 (68.29) 3816 (66.75) 1.54 0.32 588.54 <.0001**
Low sleepiness 3986 (69.72) 4496 (78.64) -8.92 0.38 826.46 <.0001**
Continued sleep 4785 (83.70) 4493 (78.59) 511 0.39 857.38 <.0001**
Appropriate sleep timing 4056 (70.95) 4034 (70.56) 0.39 0.56 1763.53 <.0001**
Regular bedtime 5045 (88.25) 5163 (90.31) -2.06 0.37 777,57 <.0001**
Regular waketime 3215 (56.24) 3519 (61.55) -5.31 0.45 1136.13 <.0001**
Regular midpoint 4572 (79.97) 4794 (83.86) -3.89 0.43 1072.93 <.0001**

a Differences were calculated by early minus mid-pregnancy; the differences in percentages were the percentage of good sleep health in early pregnancy

minus mid-pregnancy

b Timings (i.e., midpoint sleeps) were presented in medians of time and interquartile ranges in hours, the difference between two timepoints were the

median and IQR in hours

¢ The test statistics of midpoint sleep in a.m. was presented based on the Wilcoxon signed-rank test and the effect size was calculated through z score

divided by the square root of n
*p<0.05; **p<0.01
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Table 7. Aim 1 Composite Sleep Health score of the Overall Sample, by Age and Race Ethnicity

Early (Mean + SD) Mid (Mean + SD)  Difference (Mean £ SD)?  Effect size t statistic p-value
Overall sample (n=5,257) 5.31+0.56 5.28+0.58 0.03+0.54 0.06 4.00 <.0001**
Age Early (Mean + SD) Mid (Mean + SD) Difference (Mean + SD)?  Effect size t statistic p-value
13-17 (n=60) 5.12+0.63 5.32+0.56 -0.20+0.73 0.09 5.75 0.0385
18-24 (n=1,252) 5.23+0.59 5.24+0.60 -0.02+0.59 -0.03 -0.92 0.3391
25+ (n=3,945) 5.34+0.54 5.29+0.57 0.05+0.52 -0.27 -2.11 <.0001**
Race ethnicity Early (Mean + SD) Mid (Mean + SD) Difference (Mean £ SD)?#  Effect size t statistic p-value
Non-Hispanic White (n=3,754) 5.32+0.55 5.28+0.58 0.04+0.53 0.08 4.81 <.0001**
Non-Hispanic Black (n=331) 5.1740.58 5.19+0.60 -0.02+0.63 -0.03 -0.49 0.6253
Hispanics (n=699) 5.26+0.59 5.27+0.60 -0.01£0.57 -0.01 -0.23 0.8164
Asians (n=245) 5.48+0.51 5.46+0.51 0.02+0.54 0.04 0.58 0.5604
Others (n=228) 5.31+0.57 5.29+0.55 0.02+0.56 0.04 0.66 0.5073

2 Differences were calculated by early minus mid-pregnancy
*p<0.05; **p<0.01
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Table 8. Aim 1 Changes of Sleep Dimensions Between Study Visit 1 and 3 by Age

13-17 (n=68) Early Mid

Sleep dimensions Mean + SD Mean + SD t statistics p-values
Duration (hr) 8.37+£1.42 8.57+£1.37 -1.03 0.3074
Epworth Sleepiness Scale (ESS) Score 8.67+4.09 7.34+4.46 2.60 0.0115*
Wake after sleep onset (WASO, min) 21.22+25.61 16.43+£20.96 1.58 0.118
Midpoint sleep (a.m.) @ 3:21 (1:45) 3:37 (1:46) -363.5 0.0163*
Weekend-weekday difference in bedtime (hr) 0.89+0.73 1.02+1.44 -0.60 0.5486
Weekend-weekday difference in waketime (hr) 2.34+1.97 1.87+1.78 1.67 0.0988
Weekend-weekday difference in midpoint sleep (hr) 1.57+1.21 1.35+1.20 1.21 0.2289

Percentage of good sleep health n (%) n (%) X2 statistics p-values

Good sleep satisfaction 27 (39.71) 31 (45.59) 8.02 0.0046**
Sufficient duration 32 (47.06) 32 (47.06) 0.89 0.3447
Low sleepiness 39 (57.35) 45 (66.18) 7.24 0.0071**
Continued sleep 58 (85.29) 64 (94.12) 12.32 0.0088**
Appropriate sleep timing 44 (64.71) 39 (57.35) 3.73 0.0534
Regular bedtime 60 (88.24) 56 (82.35) 2.46 0.1414
Regular waketime 29 (42.65) 34 (50.00) 2.95 0.0861
Regular midpoint 42 (61.76) 43 (63.24) 3.17 0.0749

18-24 (n=1,411) Early Mid

Sleep dimensions Mean + SD Mean + SD t statistics  p-values
Duration (hr) 8.27+1.50 8.14+1.57 3.29 0.0010**
Epworth Sleepiness Scale (ESS) Score 8.10+4.18 6.75+4.24 12.11 <.0001**
Wake after sleep onset (WASO, min) 24.09+29.81 27.21+31.08 -3.79 0.0002**
Midpoint sleep (a.m.) 2 3:44 (1:43) 3:41 (1:38) 25159.50  0.0910
Weekend-weekday difference in bedtime (hr) 1.01+1.40 0.90+1.16 2.83 0.0048**
Weekend-weekday difference in waketime (hr) 1.59+1.53 1.47+1.42 2.86 0.0044**
Weekend-weekday difference in midpoint sleep (hr) 1.34+1.91 1.18+1.52 3.38 0.0020**

Percentage of good sleep health n (%) n (%) X2 statistics  p-values

Good sleep satisfaction 529 (37.49) 531 (37.63) 207.56 <.0001**
Sufficient duration 783 (55.49) 775 (54.93) 104.46 <.0001**
Low sleepiness 920 (65.20) 1063 (75.34) 145.10 <.0001**
Continued sleep 1160 (82.21) 1109 (78.60) 224.50 <.0001**
Appropriate sleep timing 763 (54.08) 773 (54.78) 360.93 <.0001**
Regular bedtime 1183 (83.84) 1205 (85.40) 112.20 <.0001**
Regular waketime 857 (60.74) 914 (64.78) 196.62 <.0001**
Regular midpoint 1116 (79.09) 1148 (81.36) 174.70 <.0001**

aTimings (i.e., midpoint sleeps) were presented in medians of time and interquartile ranges in hours, the difference
between two timepoints were the median and IQR in hours. The test statistics of midpoint sleep in a.m. was presented

based on the Wilcoxon signed-rank test

® Other racial ethnicity groups include: American Indian, Native Hawaiian, Multiracial, and other

*p<0.05; **p<0.01; Bolded p-values were results from Fisher's exact tests
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Table 8. Aim 1 Changes of Sleep Dimensions Between Study Visit 1 and 3 by Age (cont.)

25+ (n=4,238) Early Mid
Sleep dimensions Mean + SD Mean + SD t statistics  p-values
Duration (hr) 7.85+1.04 7.66+1.04 12.73 <.0001**
Epworth Sleepiness Scale (ESS) Score 7.53+£3.90 6.39+3.83 21.35 <.0001**
Wake after sleep onset (WASO, min) 22.27+24.77 27.56+27.57 -12.94 <.0001**
Midpoint sleep (a.m.) 2 3:01 (1:06) 3:17 (1:08) 20281.5 0.7891
Weekend-weekday difference in bedtime (hr) 0.96+1.26 0.84+1.23 7.99 <.0001**
Weekend-weekday difference in waketime (hr) 1.77+£1.31 1.62+1.29 8.95 <.0001**
Weekend-weekday difference in midpoint sleep (hr) 1.40+1.55 1.23+1.36 10.07 <.0001**
Percentage of good sleep health n (%) n (%) X? statistics  p-values
Good sleep satisfaction 1820 (42.94) 1516 (35.77) 605.11 <.0001**
Sufficient duration 3089 (72.89) 3009 (71.00) 431.56 <.0001**
Low sleepiness 3027 (71.43) 3388 (79.94) 680.09 <.0001**
Continued sleep 3567 (84.17) 3320 (78.34) 624.57 <.0001**
Appropriate sleep timing 3249 (76.66) 3222 (76.03) 1306.45 <.0001**
Regular bedtime 3802 (89.71) 3902 (92.07) 720.53 <.0001**
Regular waketime 2329 (54.96) 2571 (60.67) 940.02 <.0001**
Regular midpoint 3414 (80.56) 3603 (85.02) 923.68 <.0001**

aTimings (i.e., midpoint sleeps) were presented in medians of time and interquartile ranges in hours, the difference
between two timepoints were the median and IQR in hours. The test statistics of midpoint sleep in a.m. was presented

based on the Wilcoxon signed-rank test

® Other racial ethnicity groups include: American Indian, Native Hawaiian, Multiracial, and other

*p<0.05; **p<0.01; Bolded p-values were results from Fisher's exact tests
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Table 9. Aim 1 Changes of Sleep Dimensions Between Study Visit 1 and 3 by Race Ethnicity

Non-Hispanic Whites (n=4,054) Early Mid
Sleep dimensions Mean + SD Mean + SD t statistics p-values
Duration (hr) 7.92+1.05 7.75£1.07 11.11 <.0001**
Epworth Sleepiness Scale (ESS) Score 7.66+3.89 6.41+3.83 22.83 <.0001**
Wake after sleep onset (WASO, min) 23.45+25.84 28.69+28.34 -12.12 <.0001**
Midpoint sleep (a.m.) # 3:02 (1:08) 3:00 (1:09) 128160.5 0.0730
Weekend-weekday difference in bedtime (hr) 0.97+1.27 0.85+1.22 7.30 <.0001**
Weekend-weekday difference in waketime (hr) 1.75+1.33 1.59+1.29 8.73 <.0001**
Weekend-weekday difference in midpoint sleep (hr) 1.38+1.49 1.23+1.36 9.15 <.0001**
Percentage of good sleep health n (%) n (%) X2 statistics p-values
Good sleep satisfaction 1679 (41.42) 1418 (34.98) 559.30 <.0001**
Sufficient duration 2927 (72.20) 2826 (69.71) 407.55 <.0001**
Low sleepiness 2848 (70.25) 3242 (79.97) 600.39 <.0001**
Continued sleep 3357 (82.81) 3120 (76.96) 598.18 <.0001**
Appropriate sleep timing 3073 (75.80) 3048 (75.19) 1256.77 <.0001**
Regular bedtime 3638 (89.74) 3726 (91.91) 679.50 <.0001**
Regular waketime 2251 (55.53) 2508 (61.86) 929.01 <.0001**
Regular midpoint 221 (84.35) 3449 (85.08) 889.64 <.0001**
Non-Hispanic Black (n=394) Early Mid
Sleep dimensions Mean + SD Mean + SD t statistics p-values
Duration (hr) 7.98+1.78 7.89+£1.91 111 0.2688
Epworth Sleepiness Scale (ESS) Score 8.62+4.38 7.61+4.35 4.59 <.0001**
Wake after sleep onset (WASQO, min) 23.60+30.90 26.74+32.20 -2.10 0.0366*
Midpoint sleep (a.m.) ® 3:39 (1:42) 3:44 (1:42) -621.00 0.7775
Weekend-weekday difference in bedtime (hr) 1.12+1.40 1.06+1.47 0.80 0.4267
Weekend-weekday difference in waketime (hr) 1.68+1.70 1.54+1.67 1.46 0.1499
Weekend-weekday difference in midpoint sleep (hr) 1.45+1.96 1.34+2.05 1.81 0.0704
Percentage of good sleep health n (%) n (%) X2 statistics p-values
Good sleep satisfaction 153 (38.83) 158 (40.10) 63.04 <.0001**
Sufficient duration 208 (52.79) 208 (52.79) 34.82 <.0001**
Low sleepiness 235 (59.64) 260 (65.99) 71.18 <.0001**
Continued sleep 331 (84.01) 312 (79.19) 71.01 <.0001**
Appropriate sleep timing 211 (53.55) 210 (53.30) 74.18 <.0001**
Regular bedtime 305 (77.41) 312 (79.19) 36.93 <.0001**
Regular waketime 233 (59.14) 243 (61.68) 33.11 <.0001**
Regular midpoint 294 (74.62) 297 (75.38) 44.13 <.0001**

aTimings (i.e., midpoint sleeps) were presented in medians of time and interquartile ranges in hours, the difference between two timepoints
were the median and IQR in hours. The test statistics of midpoint sleep in a.m. was presented based on the Wilcoxon signed-rank test
® Other racial ethnicity groups include American Indian, Native Hawaiian, Multiracial, and other

*p<0.05; **p<0.01; Bolded p-values
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Table 9. Aim 1 Changes of Sleep Dimensions Between Study Visit 1 and 3 by Race Ethnicity (cont.)

Hispanics (n=760) Early Mid
Sleep dimensions Mean + SD Mean + SD t statistics p-values
Duration (hr) 8.25+1.43 8.04+1.40 4.47 <.0001**
Epworth Sleepiness Scale (ESS) Score 7.50+4.29 6.43+4.37 6.98 <.0001**
Wake after sleep onset (WASO, min) 20.52+25.67 23.50+27.94 -2.95 0.0032**
Midpoint sleep (a.m.) ® 3:34 (1:37) 3:33 (1:37) -7291.00 0.2047
Weekend-weekday difference in bedtime (hr) 0.97+1.29 0.85+1.06 2.75 0.0062**
Weekend-weekday difference in waketime (hr) 1.70+1.46 1.62+1.42 1.67 0.0954
Weekend-weekday difference in midpoint sleep (hr) 1.40+£1.91 1.22+1.41 2.80 0.0053**
Percentage of good sleep health n (%) n (%) X2 statistics p-values
Good sleep satisfaction 302 (39.74) 287 (37.76) 114.41 <.0001**
Sufficient duration 443 (58.29) 447 (58.82) 73.73 <.0001**
Low sleepiness 538 (70.79) 582 (76.58) 99.68 <.0001**
Continued sleep 654 (86.05) 631 (83.03) 89.97 <.0001**
Appropriate sleep timing 449 (59.08) 447 (58.82) 247.33 <.0001**
Regular bedtime 653 (85.92) 662 (87.11) 56.73 <.0001**
Regular waketime 434 (57.11) 438 (57.63) 104.37 <.0001**
Regular midpoint 590 (77.63) 608 (80.00) 105.95 <.0001**
Asians (n=262) Early Mid
Sleep dimensions Mean + SD Mean £+ SD t statistics p-values
Duration (hr) 7.81+1.66 7.67+1.11 2.29 0.0229*
Epworth Sleepiness Scale (ESS) Score 7.58+3.83 6.18+3.88 5.68 <.0001**
Wake after sleep onset (WASO, min) 15.97+19.81 20.51+23.57 -3.31 0.0011
Midpoint sleep (a.m.) ® 3:24 (1:20) 3:33(1:11) -678.00 0.5523
Weekend-weekday difference in bedtime (hr) 0.93£1.55 0.74+1.18 2.52 0.0122*
Weekend-weekday difference in waketime (hr) 1.67+1.43 1.47+1.31 2.78 0.0058**
Weekend-weekday difference in midpoint sleep (hr) 1.30+1.48 1.06+1.14 3.40 0.0008
Percentage of good sleep health n (%) n (%) X2 statistics p-values
Good sleep satisfaction 141 (53.82) 119 (45.42) 29.87 <.0001**
Sufficient duration 177 (67.56) 182 (69.47) 18.59 <.0001**
Low sleepiness 184 (70.23) 218 (83.21) 18.50 <.0001**
Continued sleep 240 (91.60) 228 (87.02) 45.22 <.0001**
Appropriate sleep timing 172 (65.65) 172 (65.65) 72.52 <.0001**
Regular bedtime 231 (88.17) 246 (93.89) 23.80 0.0001**
Regular waketime 157 (59.92) 178 (67.94) 46.84 <.0001**
Regular midpoint 221 (84.35) 233 (88.93) 61.44 <.0001**

aTimings (i.e., midpoint sleeps) were presented in medians of time and interquartile ranges in hours, the difference between two
timepoints were the median and IQR in hours. The test statistics of midpoint sleep in a.m. was presented based on the Wilcoxon
signed-rank test

b Other racial ethnicity groups include American Indian, Native Hawaiian, Multiracial, and other

*p<0.05; **p<0.01; Bolded p-values were results from Fisher's exact tests
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Table 9. Aim 1 Changes of Sleep Dimensions Between Study Visit 1 and 3 by Race Ethnicity (cont.)

Others (n=247) ® Early Mid
Sleep dimensions Mean + SD Mean + SD t statistics p-values
Duration (hr) 7.90£1.27 7.76+£1.43 1.55 0.1220
Epworth Sleepiness Scale (ESS) Score 7.324£3.72 6.45+3.63 3.66 0.0003
Wake after sleep onset (WASO, min) 23.02+28.37 28.20+27.57 -1.07 0.2854
Midpoint sleep (a.m.) # 3:20 (1:40) 3:19 (1:30) 658.00 0.5397
Weekend-weekday difference in bedtime (hr) 0.89+1.19 0.83+0.99 0.59 0.5543
Weekend-weekday difference in waketime (hr) 1.62+1.28 1.53+1.17 1.10 0.2713
Weekend-weekday difference in midpoint sleep (hr) 1.45+2.49 1.13+0.91 0.97 0.3306
Percentage of good sleep health n (%) n (%) X2 statistics p-values
Good sleep satisfaction 101 (40.89) 96 (38.87) 46.73 <.0001**
Sufficient duration 149 (60.32) 153 (61.94) 17.70 <.0001**
Low sleepiness 181 (73.28) 194 (78.54) 27.01 <.0001**
Continued sleep 203 (82.19) 202 (81.78) 47.42 <.0001**
Appropriate sleep timing 151(61.13) 157 (63.56) 53.71 <.0001**
Regular bedtime 218 (88.26) 217 (87.85) 15.36 0.0007
Regular waketime 140 (56.68) 152 (61.54) 43.01 <.0001**
Regular midpoint 202 (81.78) 207 (83.81) 9.63 0.0019**

aTimings (i.e., midpoint sleeps) were presented in medians of time and interquartile ranges in hours, the difference between two
timepoints were the median and IQR in hours. The test statistics of midpoint sleep in a.m. was presented based on the Wilcoxon
signed-rank test

b Other racial ethnicity groups include American Indian, Native Hawaiian, Multiracial, and other

*p<0.05; **p<0.01; Bolded p-values were results from Fisher's exact tests
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7.0 Aim 2. The Association Between Prenatal Depression and Sleep Health in Nulliparous

Pregnancy

7.1 Abstract

Background

Poor sleep health in pregnancy is crucial to maternal and infant health. It increases the
inflammatory responses, affects metabolism, and is associated with various adverse pregnancy
outcomes While research has been identifying risk factors for poor sleep health in pregnancy, the
close relationship between depression and sleep suggests that prenatal depression may potentially
impact sleep health in pregnancy. However, the findings on prenatal depression as a risk factor for
poor sleep health in pregnancy are limited.

Methods

We used self-reported Edinburgh Postnatal Depression Scale (EPDS) and sleep data from
the Nulliparous Pregnancy Outcome Study: Monitoring Mothers-to-Be (huMoM2b) in early and
mid-pregnancy. 5,165 participants had complete EPDS and sleep data from both timepoints. We
identified total EPDS score of 10 or higher as probable prenatal depression. We measured
satisfaction, daytime sleepiness, timing, continuity, duration, and bedtime, waketime regularity,
and used composite sleep health score to measure multidimensional sleep health. We assessed the
cross-sectional association between prenatal depression and sleep health in early and mid-
pregnancy and longitudinal association between prenatal depression in early pregnancy and sleep
health in mid-pregnancy.

Results
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There are cross-sectional and longitudinal associations between prenatal depression and
lower odds of characterized as “good” sleep health in satisfaction, duration, daytime sleepiness,
good sleep continuity, and good sleep timing in both early and mid-pregnancy. Pregnant people
with probable prenatal depression also had lower composite sleep health score in early and mid-
pregnancy than people without (Early: f=-0.19, p<.0001; Mid: p=-0.27, p<.0001; Longitudinal:
B=-0.14, p<.0001).

Conclusion

Prenatal depression may be a potential factor that affects sleep health in pregnancy. More
findings on the relationships between prenatal depression and multidimensional sleep health are
warranted to better understand how mental health management can improve individual sleep
dimensions and overall multidimensional sleep health during pregnancy, which can further reduce

adverse maternal health outcomes attributed to poor sleep health.

7.2 Background

Sleep is a recurring, dynamic state that reduces body consciousness and interaction with
the environment while maintaining body restoration towards muscular, immune, and nervous
systems (National Institute of Neurological Disorders and Stroke, 2019) The renormalization of
molecular, cellular, and cognitive functions occurs during sleep (Vyazovskiy, 2015). Therefore,
sleep is fundamental to one's health and well-being. Specifically, it is important to examine sleep
health in pregnancy due to substantial physical and hormonal changes. Prior studies have examined
factors associated with poor sleep health in pregnancy, including overweight and obese, poor sleep

hygiene (i.e., high arousal behaviors, disturbed sleep environment), Black race, low socioeconomic
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levels, and disadvantaged neighborhood (Gay et al., 2017; Tsai et al., 2016; Feinstein et al., 2020;
Kalmbach et al., 2019; Johnson et al., 2009).

Poor sleep health in pregnancy is crucial to maternal and infant health. It increases the
inflammatory responses, affects metabolism, and is associated with various adverse pregnancy
outcomes (Okun et al., 2009). Poor sleep quality and short sleep duration affect glucose
metabolism and lead to a higher risk of insulin resistance and gestational diabetes. An Asian cohort
of 686 pregnant people reported 1.75 times higher odds of gestational diabetes among pregnant
people with poor sleep quality (95%CI: 1.11-2.76) and 1.96 times higher odds of gestational
diabetes among pregnant people with short sleep duration (95%CI: 1.05-3.66) (Cai et al., 2017).
Another study also found 96.4% reported poor sleep quality among high-risk pregnant people (i.e.,
gestational hypertension and gestational diabetes) (Saadati et al., 2018). Poor sleep health in
pregnancy is also related to higher risks of prolonged labor and cesarean delivery. A prospective
study of a US sample included 131 women in their last month of pregnancy indicated that short
sleep duration (<6 hours) is related to 4.5 times higher odds in cesarean delivery (OR=4.54,
95%CI: 1.36-15.21) and significantly longer labor (29.0+12.5 hours) than women with over 7
hours of nighttime sleep (17.7£15.6, p=0. 025) (Lee & Gay, 2004).

Sleep health has been defined as a multidimensional behavior that can be assessed through:
sleep quality, duration, efficiency, sleepiness, timing, and regularity (Buysse, 2014). Sleep
dimensions other than sleep quality and duration may also impact maternal health. For example,
while examining the risks for poor pregnancy outcomes, later sleep timing (l.e., midpoint sleep
later than 5 am) has 2.4 times higher odds of gestational diabetes (Facco et al., 2017). However,
the findings on sleep dimensions other than sleep quality and duration were limited. While there

are potential effects of multiple sleep dimensions on maternal health, understanding

100



multidimensional sleep health during pregnancy and identifying associated risk factors are
essential for developing interventions on promoting sleep health in pregnancy. Understanding how
intervening factors may improve specific or multidimensional sleep health during pregnancy is
critical to further lowering the risks for adverse pregnancy outcomes associated with poor sleep
health.

Prenatal depression is the depression episode that occurs specifically during pregnancy
(American Psychiatric Association, 2013) With substantial physical and hormonal changes in
pregnancy, the prevalence of prenatal depression ranges from 7 to 13%, where the lowest
prevalence was seen in the first trimester (7.4%) (Bennett et al., 2004). There are also systematic
reviews targeting pregnant people at prenatal clinics or from developed countries and reported 6.6
to 26.7% of prevalence in prenatal depression (Gavin et al., 2005; Okagbue et al., 2019). Prior
studies have identified a close relationship between depression and sleep health, specifically on
explaining its highly overlapping biological mechanisms (Fang et al., 2019). While sleep
deficiency activates the inflammation response and increases cellular inflammation, studies have
also seen such increased cellular inflammation among patients with depression and more obvious
in females (Gimeno et al., 2009; Miller et al., 2009). Recent sleep research has targeted non-
pregnant population and examined the association between depression and sleep with the
implementation of multidimensional sleep health as an outcome. A recent study examined the
longitudinal association between depressive symptoms and multidimensional sleep health among
middle-aged women. The results indicated the association between higher depressive symptoms
and poorer multidimensional sleep health, lower alertness, and satisfaction (Bowman et al., 2021).
However, the findings examining prenatal depression as a potential risk factor for poor sleep health

in pregnancy were limited. Furthermore, sleep outcomes were not considered under a
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multidimensional concept while we seek improvement in multidimensional sleep health during
pregnancy. With the goal of identifying risk factors to improve prenatal sleep health, it is crucial
to consider prenatal depression as a potential factor that we can include for sleep improvement in
pregnancy.

Hence, this study is to identify whether prenatal depression is a risk factor for poor sleep
health under the multidimensional concept in pregnancy. We first examined the cross-sectional
association between prenatal depression and multidimensional sleep health in early and mid-
pregnancy. Then, we assessed the longitudinal association between prenatal depression in early
pregnancy and sleep health in mid-pregnancy. We hypothesized that pregnant people with self-
rated prenatal depression are at higher risks for poor sleep health throughout pregnancy. We also
hypothesized that pregnant people with self-rated prenatal depression in early pregnancy may also
be at higher risk of poor sleep health in mid-pregnancy. The findings from this study will be
beneficial for sleep interventions targeting the pregnant population to consider improving mental
health as one of the possible strategies for sleep health improvement during pregnancy. The study
will also suggest that the management of mental health could improve specific sleep dimensions
and multidimensional sleep health during pregnancy. The successful implementation of mental
health factor management will be beneficial for reducing adverse pregnancy outcomes attributed

to poor sleep health in pregnancy
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7.3 Methods

Study design and settings

We used the data from the Nulliparous Pregnancy Outcome Study: Monitoring Mothers-
to-Be (nuMom2b). The nuMom2b study is a multi-site prospective cohort study conducted from
2010 to 2013 to assess the relationship between maternal characteristics (genetic and physiologic
factors) and adverse obstetric outcomes. There were 8 research sites, including Case Western
University, Columbia University; Indiana University, University of Pittsburgh; Northwestern
University; the University of California at Irvine; University of Pennsylvania; and the University
of Utah. There were 3 time points of data collection during pregnancy. The first visit was
completed between 6 weeks+0 days and 13 weeks+6 days of gestation, the second visit was
conducted between 16 weeks+0 days and 21 weeks+6 days of gestation, and the third study visit
was between 22 weeks+0 days and 29 weeks+6 days of gestation. The second and the third visits
occurred at least 4 weeks apart from the last study visit. Participants signed the informed consent
before the first study visits. The study has been approved by the Institutional Review Boards with
the Protection of Human Subjects of all study sites. Haas et al.'s protocol paper described additional
details on study procedures (Haas et al., 2015).

Study sample

Pregnant people who planned to deliver at the hospitals affiliated with the study sites were
screened for eligibility. The inclusion criteria are: (1) a viable, singleton pregnancy between 6
weeks+0 days to 13 weeks+6 days of gestation based on the ultrasound assessment, (2) no previous
pregnancy that lasted 20 weeks based on self-reported data and verified through medical records,
if available. Exclusion criteria included pregnant people under age 13, or with a previous history

of 3 or more spontaneous abortions and known fetal complications were excluded. Further details
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about the inclusion and exclusion criteria were listed in the Haas et al. protocol paper (Haas et al.,
2015). There are 10,037 participants in the overall nuMom2b cohort. In our study, we further
excluded women with no baseline sleep or EPDS data. 8,317 participants have some sleep and
Edinburgh Postnatal Depression Scale (EPDS) data, 5,229 have complete sleep data, and 5,165
have a complete sleep and EPDS data. (Figure 13)

Exposure- Prenatal depression

We used the Edinburgh Postnatal Depression Scale (EPDS) data that was collected during
the first and the third visits to identify whether individuals are experiencing probable prenatal
depression. The EPDS is a 10-item, 4-point self-reported scale for postnatal depression screening.
The score ranges from 0 to 30 with a higher EPDS score indicates a greater level of probable
prenatal depression. The EPDS is a valid tool to measure postpartum depression with 86%
sensitivity and 78% specificity (Cox et al., 1987). It has also been widely used among pregnant
people for screening prenatal depression and across different populations (Bergink et al., 2011;
Rubertsson et al., 2011; Su et al., 2007).

While sleep health is the primary outcome of interest in the study, one of the questions in
the EPDS was related to sleep: "I have been so unhappy that | have had difficulty sleep." To better
distinguish our exposure and outcome of interest, we excluded this question when summing the
EPDS score (Dgrheim et al., 2009). We defined probable prenatal depression for individuals who
had a sum of EPDS score > 10. This cutoff has been applied in studies using same parent study
and related to sleep and depression in pregnancy (Dgrheim et al., 2009; Grobman et al., 2016).
Though dichotomizing individuals into with or without probable prenatal depression may sacrifice

the continuum nature of mental health, the application of EPDS cutoff provides us information for
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identifying high-risk groups with poor mental health and helps improve sleep health during
pregnancy.

Outcome- Sleep health in pregnancy

We used self-reported sleep questionnaires collected at the first (early pregnancy) and the
third (mid-pregnancy) study visits. We assessed sleep through the following dimensions:
regularity, satisfaction, sleepiness, timing, wake after sleep onset (WASO), and duration. We also
described the percentages of pregnant people characterized as “good” sleep health in each
dichotomized dimension. We assessed sleep regularity through bedtime, waketime, and midpoint
sleep differences between weekdays and weekends (Roepke & Duffy, 2010). A weekend-weekday
difference less than 2 hours were defined as good bedtime, waketime, and midpoint sleep
regularity (Beauvalet et al., 2017). Sleep satisfaction was assessed through a self-rated question:
"Overall, was your typical night's sleep during the last 4 weeks: very good, good, fair, poor, very
poor". Participants who rated "very good" or "good" were considered having satisfied sleep. We
used the Epworth Sleepiness Scale (ESS) to assess daytime sleepiness, a measure of alertness. The
ESS is an 8-item scale with each item scores from 0 to 3 and an overall ESS score ranging from 0
to 24. The higher ESS score indicates a higher level of daytime sleepiness (i.e., poorer alertness)
(Johns, 1991). The ESS has acceptable internal consistency (Cronbach's alpha=0.77) for pregnant
people and is a validated tool to assess daytime sleepiness (93.5% sensitivity and 100% specificity)
(Johns, 2000; Johns, 1992; Tsai et al., 2016). We define good sleep health in this domain as a ESS
score of 10 or lower (i.e., no excessive daytime sleepiness). For simplicity we will refer to good
sleep health in this domain as low sleepiness (Johns et al., 1991). Sleep timing was defined through
midpoint sleep. Midpoint sleep is the halfway point between sleep onset and the final time waking

up to start the day. It was calculated through: bedtime + (wake time - bedtime) (Facco et al., 2017).
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Midpoint sleep between 2 to 4 am was considered as good sleep timing (Dong et al., 2019). Wake
after sleep onset (WASO), is a measure of sleep continuity, a similar construct as sleep efficiency.
WASO was estimated by the sum of time spent awake between first fall asleep and fully awake
through nighttime sleep (Ohayon et al., 2017). For simplicity, we define good sleep continuity as
a WASO less than 40 minutes WASO (Ohayon et al., 2017). Sleep duration was estimated by
taking a weighted average of workday/weekday and non-workday/weekend sleep duration:
([weekday/workday duration x 5] + [weekend duration x 2]) / 7 (Facco et al., 2018). Since the
recommendation of sufficient sleep duration differs between adolescents and adults, we applied
different cutoffs to define good sleep duration based on participants' age. For participants aged
between 13 to 17 years, a weighted sleep duration between 8 to 10 hours was considered good
sleep duration. For participants aged 18 or higher, a weighted sleep duration between 7 to 9 hours
was considered good sleep duration (Hirshkowitz et al., 2015). (Table 4)

After describing each sleep dimension, we created a composite sleep health score by
summing the calculated z scores of each dimension centering from our identified empirical cutoffs
(Brindle et al., 2019). Next, we recoded the z score of each dimension to reflect the higher score
indicates better sleep health. Then, we scaled each recoded z score into a range of 0 to 1, with 1
indicating better sleep health in the respective sleep dimensions. Finally, we summed the scaled
sleep health score and created a composite sleep health score for each individual. We included
bedtime and waketime regularity to calculate the composite sleep health score. There are a total of
7 dimensions and score ranges from 0 to 7 with the higher score indicates better sleep health.
Covariates

We identified covariates through previous literatures including studies using data from the

same parent study (Grobman et al., 2016; Facco et al., 2018). Demographic characteristics that
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were considered as covariates include: maternal age, race and ethnicity, educational level,
insurance type and income level. Demographic characteristics were collected through self-reported
questionnaires at the baseline visit. We described maternal age in the following categories: 13-17,
18-34, 35-39 and 40+ years. Five categories for race ethnicity: non-Hispanic white, non-Hispanic
Black, Hispanic, Asian, and Other race ethnicity including American Indian, Native Hawaiian, and
multiracial individuals. Educational level includes less than high school graduate, high school
graduated/GED, associate or tech degree, some college, college graduated, and degree beyond
college. There are some pregnancy-related and health behavioral variables included as covariates
as well: gestational age at enrollment, prepregnancy BMI, gravidity, tobacco use and exercise.
Gestational age was identified through ultrasound assessment, prepregnancy BMI was self-
reported and gravidity was self-reported and further verified through medical records, if available.
Subjects were overweight if prepregnancy BMI was between 18.5-25 kg/m? and obese if
prepregnancy BMI was between 30-35 kg/m?. Individuals with prepregnancy BMI of 35 kg/m? or
higher were considered morbidly obese. We applied prepregnancy BMI in the adjusted model
under the continuous form (kg/m2) instead of the overweight/obese categories. There are age and
racial differences in body fat composition (Jackson et al., 2002; Wang et al., 1994) Therefore, BMI
cutoffs for defining overweight and obese categories should be specific for the target population
(Deurenberg et al., 1998; Hubers et al., 2017; Prentice & Jebb, 2001). Applying the same cutoffs
for all pregnant people with different ages (adolescents and adults) and racial groups in our sample
would bias the results. Tobacco use was measured in two domains, ever used tobacco and 3 months
prior to pregnancy. Physical activity was assessed through a self-reported question: "During the
past 4 weeks, did you participate in any physical activities or exercises like running, aerobics,

gardening, ball games, or walking for exercise? - Yes, No". We also included social support a
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psychosocial covariate. Social support was assessed through the Multidimensional Scale of
Perceived Social Support (MSPSS). The MSPSS is a self-reported, 12-item, 7-point scale that
assesses individual's social support level through family, friends and significant other. The score
ranges from 12 to 84 with the higher score indicates better social support (Ziment et al., 1990) The
MSPSS is a valid instrument to assess individual's social support level in pregnancy with a reported
Cronbach’s alpha of 0.93 in a pregnant sample from Pakistan (n=1,154) (Mirabzadeh et al., 2013).

We applied directed acyclic graphs (DAG) to identify the confounding effects of covariates
and make decision on what confounders to be included in the adjusted model. DAGs allow
researchers to identify causal relationships between variables through background knowledge,
empirical literature findings, theories, and assumptions (Greenland et al., 1999; Tennant et al.,
2021). Based on the findings from previous literature, sleep health during pregnancy is associated
with advanced maternal age, larger gestational age, pre-pregnancy weight, sleep hygiene, physical
activity, and tobacco use. Social and demographic factors for sleep health include educational
level, income level, and lacking social support. There are also racial/ethnic differences in sleep
health during pregnancy. Residing in disadvantaged neighborhoods is an environmental factor that
associates with poor sleep health but not considered as confounder with limited evidence on its
association to prenatal depression. Prenatal depression is associated with young or advanced
maternal age, race/ethnicity, prepregnancy obesity, and prior history of mental illness. Behavioral
factors such as exercise and tobacco use could also impact prenatal depression. Some social and
demographic factors for sleep health include educational level, income level, and lacking social
support. The identified minimal sufficient adjustment sets from the DAG includes: maternal age,
race ethnicity, educational level, poverty level, social support, smoking, and physical activity. We

included the variables in the multivariate analysis for adjustment. (Figure 14) While DAGs were
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generated based on conceptual theories, there may be additional covariates that could potentially
be added to the DAG such as marriage status and experiences of domestic violence. These are the
underlying factors that may contribute to both occurrence of prenatal depression and poor sleep
health during pregnancy. The DAGs that we applied in the dissertation were based on empirical
literature and context expertise of the mentoring team.”

To identify multicollinearity issues, we applied Spearman correlation to identify the
correlation across variables. Maternal age, educational level, and poverty level had correlation
over 0.5. (Appendix c¢) We further explored the variance inflation factor (VIF) and all variables
had VIF less than 2.5. (Appendix Table 4) The multicollinearity issue was minor and all
confounders in the minimum sufficient set were included for model adjustment. DAG represents
the assumed causal relationship between the exposure, outcomes, and covariates. The DAG is
created based on empirical literature and context expertise of the mentoring team. There may be
various assumption within the assumed causal relationship. For example, the causal relationship
between prepregnancy BMI and prenatal depression may go in both directions. Therefore, we
further conducted sensitivity analysis to assess the adjusted estimates for the association between
prenatal depression and sleep health with the removal of prepregnancy BMI in the adjusted model.
(Appendix Table 5)

Statistical analysis

We first presented the demographic characteristics and the descriptive statistics of each
sleep dimension and composite sleep health score of the overall sample and by the probable
prenatal depression status (i.e., EPDS > 10 out of 30). We also presented the demographic
characteristics under the sample with some missing data to identify the differences in samples

resulted from different level of data completeness. Next, we conducted bivariable analyses to
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examine the association between EPDS score, covariates and sleep health at early and mid-
pregnancy with student's t-tests for the normally distributed continuous variables, Mann-Whitney
tests for non-normally distributed continuous variables and chi-square tests for the categorical
variables. We examined three associations: 1. Cross-sectional association between EPDS and sleep
health in early pregnancy, 2. Cross-sectional association between EPDS and sleep health in mid-
pregnancy, and 3. Longitudinal association between EPDS in early pregnancy and sleep health in
mid-pregnancy. Finally, we applied the adjusted (confounders identifies through a DAG) linear
regression analyses to examine these three proposed associations between prenatal depression and
each sleep dimension (before dichotomized into "good™ and "poor" dimensions). To help interpret
the difference between exposure groups for ESS and composite sleep health scores, we
standardized the scores. This allows us to interpret as how many standard deviations higher or
lower in ESS and composite sleep health score among pregnant people with probable prenatal
depression compared to pregnant people without probable prenatal depression. Logistic regression
analyses were applied to assess these associations between prenatal depression and each sleep
dimension after dichotomized into "good" and "poor" dimensions. Finally, we conducted and
presented both crude and adjusted linear regression models for prenatal depression and composite
sleep health score. We reported the odds ratios and 95% confidence intervals for each modeling
analysis to present the estimated risks for poor sleep health among women with probable prenatal
depression.

With the understanding that the sample with incomplete sleep data may show different
characteristics than the complete case sample. We presented the appendix tables to describe and
observe the differences in demographic characteristics and sleep health for each dimension within

the sample with some but not complete sleep data.
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We accepted a type 1 error (0=0.05) for determining the significance level of the statistical

testing. We used SAS version 9.4 for data management and analyses (SAS Institute, Cary, NC).

7.4 Results

Participant characteristics

Among the study sample with complete EPDS and sleep data, the average maternal age
was 28.16 years with the baseline gestational age of 11.60 weeks. 71.48% of our sample were self-
reported non-Hispanic whites, followed by 13.18% Hispanic, and 6.33% non-Hispanic Black.
55.60% had normal weight (i.e., Prepregnancy BMI between 18.5 and 25 kg/m?). Around 64.21%
had a degree of college or higher. Over 80% had commercial insurance and 79% were over 200%
of federal poverty level.

In early pregnancy, 531 (10.28%) participants had EPDS score 10 or higher and 4634
(89.72%) had EPDS lower than 10. There were significant differences in maternal age, race
ethnicity, educational level, smoking status, social support score, exercise, insurance type, and
poverty level. Pregnant people with EPDS >10 in early pregnancy were younger (26.08+5.54 vs.
28.40+5.09 years, p<.0001), had a lower average percentage of poverty level (353.48+283.28 vs.
507.52+299.26%, p<.0001), a lower percentage of non-Hispanic whites (63.09 vs. 72.44%,
p<.0001), a higher percentage had prepregnancy overweight and obesity (39.58 vs. 34.42%,
p=0.0144), a lower percentage of reported college degree and beyond (40.87 vs. 66.89%, p<.0001),
a lower average social support score (69.7+£14.3 vs. 75.5+13.6, p<.0001), and a lower percentage
of having commercial insurance (68.26 vs. 81.39%, p<.0001) than individuals with EPDS <10. As

for the health behaviors, pregnant people with EPDS >10 were at higher percentage of using
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tobaccos, both lifetime tobacco use (51.22 vs. 40.50%, p<.0001) and within 3 months prior to
pregnancy (27.12 vs. 12.43%, p<.0001) and a lower percentage of reported exercise (66.10%) than
individuals with EPDS <10 (76.31%, p<.0001). (Table 10)

We compared the demographic characteristics between the sample with some but not
complete sleep data (n=3,105) and the complete case sample. The differences of each demographic
characteristic factor were similar between two samples, except race ethnicity, insurance type, and
income level. The sample with some but not complete sleep data had lower percentages of non-
Hispanic whites, but higher percentages of non-Hispanic Black, Hispanic, and Asian. We observed
a difference in insurance status, where the sample with some data observed lower percentages of
commercial insurance than the complete case sample. The percentage of income over 200% of
federal poverty level was also lower among sample with some but not complete data versus the
complete case sample. (Appendix Table 6)

Prenatal depression in early and mid-pregnancy

Among the sample with complete data on sleep and prenatal depression status in early and
mid-pregnancy, the average EPDS score decreased from 4.90+3.51 in early pregnancy to
4.71+3.47 in mid-pregnancy. The count and percentage of EPDS >10 decreased from 531
(10.28%) participants in early pregnancy to 463 (8.96%) participants in mid-pregnancy. The EPDS
score ranged from 0 to 23 in early pregnancy and 0 to 25 in mid pregnancy. 4.96% of pregnant
people went from EPDS<10 in early pregnancy to probable prenatal depression (EPDS>10) in
mid-pregnancy and 6.27% of pregnant people went from probable prenatal depression in early
pregnancy to EPDS<10 in mid-pregnancy. (Table 11)

When we looked at the sample with some but not complete EPDS and sleep data, the score

reduced from 5.95+£3.99 in early pregnancy to 5.69+4.00 in mid-pregnancy. The percentage of
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participant with probable prenatal depression was 555 (17.87%) participants in early pregnancy
and 533 (17.28%) participants in mid-pregnancy. The sample with complete EPDS and sleep data
had lower EPDS score and lower percentages of EPDS >10 than the sample with some but not
complete data at both early and mid-pregnancy. (Appendix Table 7)

Sleep health in early and mid- pregnancy

Among the sample with complete EPDS and sleep data, the average sleep duration was
8.03£1.05 hours in early pregnancy and 7.88+1.08 hours in mid-pregnancy. The average ESS score
decreased from 7.62+3.93 in early pregnancy to 6.41+3.88 in mid-pregnancy. The average WASO
increased from 19.39+18.91 minutes in early pregnancy to 23.56+20.17 minutes in mid-
pregnancy. The midpoint sleep was similar between early and mid-pregnancy (3:08 in early
pregnancy and 3:07 in mid-pregnancy). The weekend-weekday differences in bedtime, waketime,
and midpoint sleep were all slightly less in mid-pregnancy compared to early pregnancy. The
weekend-weekday difference in bedtime was 0.82+0.65 hours in early pregnancy and 0.73+0.65
hours in mid-pregnancy. We observed the largest weekend-weekday difference in waketime. The
weekend-weekday difference in waketime was 1.63+1.14 hours in early pregnancy and 1.50+1.08
in mid-pregnancy. The weekend-weekday difference in midpoint sleep was 1.20+0.76 hours in
early pregnancy and 1.08+0.73 hours in mid-pregnancy. When we looked at the sleep dimensions
categorized by the specified cutoffs, the percentages of satisfied sleep decreased from 43.19% in
early pregnancy to 37.89% in mid-pregnancy. The percentage of sufficient sleep duration was
70.53% in early pregnancy and 68.94% in mid-pregnancy. Similar to the decrease in ESS score,
the percentage of no excessive daytime sleepiness increased from 70.32% in early pregnancy to
79.36% in mid-pregnancy. Similar to the results of increased average WASO, there was also an

increase in the percentage of good sleep continuity from early to mid-pregnancy. The percentage
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of participants characterized as good sleep continuity decreased by 5.06% from early to mid-
pregnancy. The percentages of sleep timing were similar with a 0.33% decrease from early to mid-
pregnancy. Similar to the results of decreased weekend-weekday differences in bedtime, waketime
and midpoint sleep, the percentages of regular bedtime, waketime, and midpoint sleep all increased
from early to mid-pregnancy. (Table 12)

The sample with some but incomplete EPDS and sleep data had shorter duration, higher
sleepiness score, later midpoint sleep, and larger weekend-weekday differences in bedtime,
waketime, and midpoint sleep than the sample with complete EPDS and sleep data. The change of
each sleep dimension from early to mid-pregnancy was similar to the complete case sample. There
were declines in sleep satisfaction, duration, and sleep continuity. There was improvement in
excessive daytime sleepiness and sleep regularity from early to mid-pregnancy. (Appendix Table
8)

Cross-sectional association between prenatal depression and sleep health in pregnancy

For the crude cross-sectional association between prenatal depression and sleep health in
early pregnancy, individuals with EPDS >10 had higher ESS score (8.92 £4.30 vs. 7.63 +4.01,
p<.0001), longer WASO (26.84 £34.49 vs. 19.93 +24.81 minutes, p<.0001), and later midpoint
(3:37 vs. 3:11 a.m., p<.0001) than individuals with EPDS <10. Pregnant people with EPDS >10
had lower weekend-weekday differences in waketime (1.58+1.42 vs. 1.75+1.42 hours, p=0.0011)
and midpoint sleep (1.21£1.10 vs. 1.35%1.24 hours, p=0.0010) than pregnant people with EPDS
<10. After dichotomizing sleep dimensions by specified cutoffs, we found pregnant people had
lower percentages in satisfied sleep (21.34% vs. 42.68%, p<.0001), sufficient duration (54.39%
vs. 65.89%, p<.0001), no excessive daytime sleepiness (58.18% vs. 69.91%, p<.0001), good sleep

continuity (79.10% vs. 86.19%, p<.0001), good sleep timing (55.97% vs. 68.39%, p<.0001), and
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regular bedtime (84.28% vs. 87.56%, p=0.0101) than individuals reported EPDS <10. The
composite score was also lower among pregnant people with EPDS >10 (5.08+0.56 vs. 5.34+0.55,
p<.0001). (Table 13)

We found similar results for the cross-sectional association in mid-pregnancy. While we
did not see a difference in the average sleep duration in early pregnancy, pregnant people with
prenatal depression in mid-pregnancy had shorter sleep duration (7.66+1.73 vs. 7.90£1.22 hours,
p<.0001), higher ESS score (8.12 +4.44 vs. 6.39+£3.97, p<.0001), longer WASO (31.73 £37.36 vs.
25.41 +28.71 minutes, p<.0001), and later midpoint (3:39 vs. 3:12 a.m., p<.0001) than individuals
with EPDS <10. There was no significant difference in weekend-weekday differences in bedtime,
waketime, and midpoint sleep by EPDS score in mid-pregnancy. After dichotomizing sleep
dimensions by specified cutoffs, we found pregnant people had lower percentages in satisfied sleep
(17.39% vs. 38.25%, p<.0001), sufficient duration (50.58% vs. 64.48%, p<.0001), no excessive
daytime sleepiness (64.13% vs. 79.34%, p<.0001), good sleep continuity (73.49% vs. 80.77%,
p<.0001), good sleep timing (54.26% vs. 67.09%, p<.0001), and regular bedtime (85.87% vs.
89.63%, p=0.0020), and regular midpoint sleep (80.28% vs. 83.81%, p=0.0155) than individuals
reported EPDS <10. The composite score was also lower among pregnant people with EPDS >10
(5.00+0.64 vs. 5.31+0.56, p<.0001). (Table 13)

We also described the sleep health by EPDS status among samples with some but not
complete EPDS and sleep data for each sleep dimension. We found that the sample with some but
not complete sleep data had lower percentage of satisfied sleep, higher average ESS score, later
sleep timing than the sample with complete EPDS and sleep data. The pregnant people with some
data and EPDS >10 had late midpoint sleep in mid-pregnancy (Median=4:10; Inter quartile range,

IQR=2:10), which was later than our defined good sleep timing (i.e., 2 to 4 a.m.). We also found
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larger weekend-weekday differences in bedtime, waketime, and midpoint sleep among pregnant
people with some data and EPDS <10. (Appendix Table 9)

After the adjustment of potential confounders, prenatal depression was associated with ESS
score, WASO, midpoint sleep, weekend-weekday differences in waketime and midpoint in early
pregnancy. Pregnant people with EPDS >10 had 0.31 standard deviations higher in ESS score
(p<.0001), 8.37 minutes more in WASO (p<.0001), 12.57 minutes later in midpoint sleep
(p=0.0112) in early pregnancy than pregnant people with EPDS <10. Pregnant people with EPDS
>10 had 0.16 hours less in weekend-weekday difference in waketime (p=0.0089) and 0.14 hours
less in weekend-weekday difference in midpoint sleep (p=0.0098) during early pregnancy than
pregnant people with EPDS <10. Pregnant people with EPDS>10 had 0.34 standard deviation
lower composite sleep health score than pregnant people reported EPDS<10 in in early pregnancy
(p<.0001). . (Table5) After categorized the sleep dimensions by specified cutoffs, there were
associations between prenatal depression and sleep satisfaction, duration, excessive daytime
sleepiness, sleep continuity, and sleep timing. Pregnant people with EPDS >10 had 47% lower
odds of reporting satisfied sleep (OR=0.53, 95%CI: 0.46-0.62), 20% lower odds of having
sufficient sleep duration (OR=0.80, 95%CI: 0.67-0.95), 40% lower odds of having no excessive
daytime sleepiness (OR=0.60, 95%CI: 0.51-0.70), 41% lower odds of having good sleep
continuity (OR=0.59, 95%CI: 0.48-0.71), and 19% lower odds of having good sleep timing
(OR=0.81, 95%CI: 0.68-0.97). We did not observe significant association between prenatal
depression and any sleep regularity dimensions in the adjusted models. (Table14)

In mid-pregnancy, we observed significant association between prenatal depression and
sleep duration, ESS score, WASO, and midpoint sleep. Pregnant people with EPDS >10 had 0.29

hour less in sleep duration (p<.0001), 0.38 standard deviations higher in ESS score (p<.0001), 6.44
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minutes more in WASO (p<.0001), 18.93 minutes later in midpoint sleep (p=0.0002) during mid-
pregnancy than pregnant people with EPDS <10. Pregnant people with EPDS>10 had 0.47
standard deviation lower composite sleep health score than pregnant people reported EPDS<10 in
in mid-pregnancy (p<.0001). (Table5) After categorized the sleep dimensions by specified cutoffs,
there were associations between prenatal depression and sleep satisfaction, duration, excessive
daytime sleepiness, sleep continuity, and sleep timing in mid-pregnancy. Pregnant people with
EPDS >10 57% lower odds of reporting satisfied sleep (OR=0.43, 95%CI: 0.36-0.52), 34% lower
odds of having sufficient sleep duration (OR=0.66, 95%CI: 0.55-0.79), 50% lower odds of having
no excessive daytime sleepiness (OR=0.50, 95%CI: 0.41-0.59), 39% lower odds of having good
sleep continuity (OR=0.61, 95%ClI: 0.51-0.73), and 21% lower odds of having good sleep timing
(OR=0.79, 95%CI: 0.66-0.95) in mid-pregnancy than pregnant people with EPDS <10. (Table 15)

Longitudinal association between prenatal depression in early pregnancy and sleep health in mid-

pregnancy

In the crude longitudinal association between prenatal depression in early pregnancy and
sleep health in mid-pregnancy, we found significant differences in sleep duration, ESS score,
WASO, midpoint sleep, and weekend-weekday difference in waketime between pregnant people
with EPDS >10 and EPDS <10. Pregnant people reported with EPDS >10 tended to have shorter
sleep duration (7.77£1.70 vs. 7.894+1.32 hours, p=0.0455), higher ESS score (7.82+4.44 vs.
6.39£3.97, p<.0001), longer WASO (31.37+36.70 vs. 25.28+28.27 minutes, p<.0001), and later
midpoint sleep (3:38 vs. 3:12 a.m., p<.0001). Pregnant people with EPDS >10 had smaller
weekend-weekday difference in waketime compared to people with EPDS <10 (1.48+1.47 hours
vs. 1.60+1.38 hours, p=0.0229). When we looked at the sleep dimensions after categorized by

specified cutoffs, there are differences in sleep satisfaction, duration, daytime sleepiness, sleep
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continuity and sleep timing. Pregnant people with EPDS >10 had lower percentages of satisfied
sleep reported (24.03% vs. 37.70%, p<.0001), sufficient sleep duration (51.30% vs. 64.66%,
p<.0001), no excessive daytime sleepiness (65.66% vs. 79.48%, p<.0001), good sleep continuity
(73.94% vs. 80.85%, p<.0001), and good sleep timing (53.69% vs. 67.48%, p<.0001) in mid
pregnancy than pregnant people with EPDS <10. Pregnant people with EPDS >10 also had
significantly lower composite sleep health score in mid-pregnancy than those who rated EPDS <10
(5.11 +0.59 vs. 5.30 +0.57, p<.0001). (Table16)

We also described the difference in the longitudinal associations between prenatal
depression in early pregnancy and sleep health in mid-pregnancy among participants with some
but not complete sleep data and complete case sample. We observed less differences in sleep health
by EPDS status between two samples compared to the cross-sectional findings. The sample with
some but not complete sleep data still showed later sleep timing and larger weekend-weekday
differences in bedtime, waketime, and midpoint sleep. Subjects who had some but not complete
sleep data and a EPDS >10 in early pregnancy had the latest sleep timing in mid-pregnancy.
Subjects with some but not complete sleep data and a EPDS <10 in early pregnancy had the largest
average weekend-weekday differences in bedtime, waketime, and midpoint sleep in mid-
pregnancy. (Appendix Table 10)

After we adjusted for the confounders, there were longitudinal associations between
prenatal depression in early pregnancy and duration, ESS score, WASO, and midpoint sleep in
mid-pregnancy. Pregnant people with EPDS >10 in early pregnancy had 0.18 hour less of sleep
duration (p=0.0005), 0.36 standard deviations higher in ESS score (p<.0001), 6.29 minutes longer
in WASO (p<.0001), and 10.45 minutes later in midpoint sleep in mid-pregnancy than those who

have EPDS <10 in early pregnancy (p=0.0306). Pregnant people with EPDS>10 in early
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pregnancy had 0.24 standard deviations lower in composite sleep health score in mid-pregnancy
than pregnant people with EPDS<10 (p<.0001). . (Tablel7) After dichotomizing the sleep
dimensions by specified cutoffs, pregnant people with EPDS >10 had 34% lower odds of reporting
satisfied sleep (OR=0.66, 95%CI: 0.58-0.76), 37% lower odds of having sufficient sleep duration
(OR=0.73, 95%CI: 0.61-0.87), 54% lower odds of having no excessive daytime sleepiness
(OR=0.46, 95%CI: 0.38-0.55), 34% lower odds of having good sleep continuity (OR=0.66,
95%CI: 0.55-0.79), and 26% lower odds of having good sleep timing (OR=0.74, 95%CI: 0.62-

0.88). (Table18)

7.5 Discussion

Based on our findings, prenatal depression is associated with some but not all sleep
dimensions. Pregnant people with probable prenatal depression had less satisfying sleep, more
daytime sleepiness, less sleep continuity, and later sleep timing in all three associations (cross-
sectional association in early and mid-pregnancy, longitudinal association). There were cross-
sectional association in mid-pregnancy and longitudinal associations between prenatal depression
and sleep duration. There were only cross-sectional associations between prenatal depression and
weekend-weekday differences in waketime and midpoint sleep in early pregnancy.

Previous findings suggested that there are associations between depression and sleep health
in general populations (Field et al., 2007; Swanson et al., 2011; Yu et al., 2017). A prospective
populational study with 24,715 adults has seen a nearly 7-fold increase of risks in developing
insomnia (measured as the inability to get back to sleep after nighttime awakenings) among

depressed individuals (OR=6.7, 95%CI; 5.46-8.26) (Sivertsen et al., 2012). Another Chinese
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sample of 10704 adults aged 45 and older has found that depressed individuals are more likely to
experience short sleep duration than non-depressed individuals (RR=1.20, 95%Cl: 1.02-1.43) (Sun
et al., 2018). While most of the studies were targeting non-pregnant populations, our results under
a pregnant population reflected similarly to previous findings among non-pregnant populations.
We found individuals with probable prenatal depression were less likely to have satisfying sleep,
sufficient sleep duration, and continued sleep. The associations exist cross-sectionally and
longitudinally in early and mid-pregnancy. There were some observed differences in weekend-
weekday differences in waketime and midpoint sleep by EPDS status during early pregnancy.
However, we did not see the differences after categorizing weekend-weekday differences in
bedtime, waketime, and midpoint sleep by specified cutoffs, either cross-sectionally or
longitudinally. The discrepancies in results before and after categorizing by specified cutoffs
suggest the need of considering the most appropriate assessment of sleep regularity in pregnancy.

One novel approach in this study was to include the concept of multidimensional sleep
health as the sleep outcome. While previous studies have introduced the multidimensional concept
into the definition of sleep health, studies have been using multidimensional sleep health as a sleep
outcome under adolescent and elder populations (Buysse, 201; Dong et al., 2019; Ladyman &
Signal, 2019; Wallace et al., 2019). There were limited findings on assessing sleep dimensions
such as timing and regularity as well as the overall multidimensional sleep health as sleep
outcomes during pregnancy. We observed later sleep timing among individuals with probable
prenatal depression than those without throughout pregnancy. However, we did not see much
difference in bedtime or waketime regularity between depressed and non-depressed pregnant
people. There were cross-sectional and longitudinal associations between prenatal depression and

composite sleep health score. However, we are unable to specify whether the differences were
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clinically meaningful. Future studies should consider the most appropriate assessment of sleep
regularity and observe the clinical meaningfulness of changes in individual sleep dimensions and
multidimensional sleep health during pregnancy (Fischer et al., 2021).

In our study sample, the average EPDS score was low compared to other pregnant samples.
We’ve seen higher average within a French sample of high-risk pregnant people reported an
average EPDS score of 9.3 (Adouard et al., 2005). We’ve also seen similar average to our study
sample among Swedish pregnant people reported an average EPDS of 5.75 (Rubertsson et al.,
2011). There are few reasons related to differences in average EPDS score across study samples.
Our average score may be low with a removal of one question in EPDS that is related to sleep.
Other potential reasons for lower EPDS score may be the differences in sample characteristics.
Our study sample had high percentage of higher educational degree (college degree and beyond),
higher income level (income over 200% of poverty line), and healthy pregnancy (no known fetal
complications). While the observed results may be attenuated, the selection of this population still
provided crucial information on prenatal depression and sleep health among nulliparous pregnant
people, who had first-time experience in pregnancy.

While our study goal was to examine the association between prenatal depression and sleep
health during pregnancy, it is worth noting that depression and sleep highly shared the biological
pathways and symptoms (Brown et al., 2012; Fang et al., 2019; Perlis et al., 1997). Some research
has suggested the bidirectional nature of depression and sleep (Gimeno et al., 2009; Hamilton,
1989; Irwin et al., 2018; Miller et al., 2009; Raison et al., 2013; Yates et al., 2007). Future studies
should consider the bidirectional relationship between prenatal depression and sleep health in

pregnancy to better examine the effects of mental health on sleep health among pregnant people.
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There are a few strengths to our study. First, to our knowledge, this is the first study that
assesses the impact of prenatal depression on sleep health in pregnancy, specifically through the
multidimensional sleep health concept that incorporates multiple sleep dimensions as the outcomes
of interest. Second, we assessed the association in both cross-sectional and longitudinal
relationships. The assessments are beneficial for understanding the different effects of prenatal
depression on sleep health at different time points of pregnancy. Third, we included multiple sleep
dimensions and the multidimensional concept in sleep outcomes. This provides us the information
on how prenatal depression may be associated with some individual sleep dimensions or the
multidimensional sleep health during pregnancy.

There are also a few limitations to our study. First, this is a secondary analysis of an
observational study. There are residual confounders that we are unable to capture, including
personal and family history of depression. Second, our sleep health assessment is based on self-
reported questionnaire data. While the nuMom2b study had a substudy that collected actigraphy
data on sleep health during pregnancy, the substudy has different inclusion and exclusion criteria
on sample selection. Furthermore, self-reported data offer a better assessment of sleep satisfaction
and sleepiness. Future studies may include subjective and objective assessments in assessing

multidimensional sleep health during pregnancy.

7.6 Conclusion

In conclusion, there are cross-sectional and longitudinal associations between prenatal
depression and sleep satisfaction, duration, sleepiness, continuity, sleep timing, and overall

multidimensional sleep health. There was no association found between prenatal depression and
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sleep regularity. Prenatal depression may be a potential factor that affects sleep health in pregnancy
under some sleep dimensions. Our results provide evidence on considering mental health
management for managing sleep health in pregnancy. Future studies should investigate the
appropriate measurement of sleep regularity during pregnancy. More findings on the relationships
between prenatal depression and multidimensional sleep health are warranted to better understand
how mental health management can improve individual sleep dimensions and overall
multidimensional sleep health during pregnancy, which can further reduce adverse maternal health

outcomes attributed to poor sleep health.

7.7 Aim 2 Tables and Figures

Original nuMom2b cohort (n=10,037) J
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All samples with at least some All samples with at least some
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(n=8,904) (n=8,799)
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[ With complete EPDS and sleep data at both visits (n=5,165) J

Figure 13. Aim 2 Participant Flowchart
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Educational level

Figure 14. DAG for Prenatal Depression, Sleep Health, and Covariates
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Table 10. Aim 2 Demographic Characteristics of the Study Sample- Overall and by Baseline EPDS Status

Overall Baseline EPDS >10 Baseline EPDS
(n=5,165) (n=531) <10 (n=4634)
Variables Mean £ SD Mean £ SD Mean £ SD p-value
Gestational age at screening (weeks) 11.60+1.48 11.59+1.48 11.60+1.48 0.8436
Maternal age at screening (years) 28.16+5.19 26.08+5.54 28.40+5.09 <.0001**
Prepregnancy BMI (kg/m?) 25.59+5.62 25.95+5.68 25.55+5.61 0.1204
493.05+301.

Percentage of federal poverty level (%) 14 353.48+283.28 507.52+299.26 <.0001**
Social support score 75.50+13.56 69.72+14.26 76.16+13.32 <.0001**
Variables n (%) n (%) n (%) p-value
Maternal age at screening (years) 0.0014**

13-17 59 (1.14) 13 (2.45) 46 (0.99)

18-34 4562 (88.33) 480 (90.40) 4082 (88.09)

35-39 470 (9.10) 33 (6.21) 437 (9.47)

40 or higher 74 (1.43) 5(0.94) 69 (1.49)
Race ethnicity <.0001**

Non-Hispanic white 3692 (71.48) 335 (63.09) 3357 (72.44)

Non-Hispanic black 327 (6.33) 52 (9.79) 275 (5.93)

Hispanic 681 (13.18) 98 (18.46) 583 (12.58)

Asian 242 (4.69) 29 (5.46) 213 (4.60)

Other @ 223 (4.32) 17 (3.20) 206 (4.45)
Prepregnancy BMI (kg/m2) 0.0144*

<18.5 (Underweight) 105 (2.06) 17 (3.22) 88 (1.92)

18.5-<25 (Normal weight) 2839 (55.60) 260 (49.24) 2579 (56.33)

25-<30 (Overweight) 1262 (24.72) 144 (27.27) 1118 (24.42)

30-<35 (Obese) 523 (10.24) 65 (12.31) 458 (10.00)

35 or higher (Morbidly obese) 377 (7.38) 42 (7.95) 335 (7.32)
Educational level <.0001**

Less than high school graduate 181 (3.51) 41 (7.72) 140 (3.02)

High school graduated or GED 377 (7.30) 65 (12.24) 312 (6.73)

Associate/Tech degree 470 (9.10) 59 (11.11) 411 (8.87)

Some college 820 (15.88) 149 (28.06) 671 (14.48)

College degree 1773 (34.33) 120 (22.60) 1653 (35.68)

Degree beyond college 1543 (29.88) 97 (18.27) 1446 (31.21)

2 Qther racial ethnicity groups include: American Indian, Native Hawaiian, Multiracial, and other
® Participants may select more than one insurance type, the sum of the overall number of all insurance types may

exceed the sample size
*p<0.05; **p<0.01



Table 10. Aim 2 demographic characteristics of the study sample- Overall and by baseline EPDS status

(cont.)
Overall Baseline EPDS >10  Baseline EPDS <10
(n=5,165) (n=531) (n=4634)
Variables n (%) n (%) n (%) p-value
Gravidity 0.4626
1 3969 (76.84) 415 (78.15) 3554 (76.69)
2 931 (18.03) 86 (16.20) 845 (18.23)
3 or more 265 (5.13) 30 (5.65) 235 (5.07)
Ever used tobacco <.0001**
Yes 2149 (41.61) 272 (51.22) 1877 (40.50)
No 3016 (58.39) 259 (48.78) 2757 (59.50)
tSOn;)orI;S?] atrc:(l:)scco within 3 months prior < 0001%*
Yes 720 (13.94) 144 (27.12) 576 (12.43)
No 4444 (86.06) 387 (72.88) 4057 (87.57)
Exercise within the last 4 weeks
Yes 3887 (75.26) 351 (66.10) 3536 (76.31) <.0001**
No 1278 (24.74) 180 (33.90) 1098 (23.69)
Insurance type ®
Governmental 869 (16.94) 144 (27.53) 725 (15.70) <.0001**
Military 41 (0.80) 3(0.57) 38 (0.82) 0.5433
Commerical 4115 (80.06) 357 (68.26) 3758 (81.39) <.0001**
Personal 1079 (20.99) 91 (17.40) 988 (21.40) 0.0333*
Other 58 (1.13) 16 (3.06) 42 (0.91) <.0001**
Percentage of federal poverty level (%) <.0001**
<100 397 (8.73) 83 (19.44) 314 (7.63)
100-200 556 (12.23) 88 (20.61) 4685 (11.36)
>200 3592 (79.03) 256 (59.95) 3336 (81.01)

aOther racial ethnicity groups include: American Indian, Native Hawaiian, Multiracial, and other
b Participants may select more than one insurance type, the sum of the overall number of all insurance types may exceed

the sample size
*p<0.05; **p<0.01
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Table 11. Aim 2 Prenatal Depression Status in Early and Mid-pregnancy

Continuous scoring

Categorized EPDS status

n mean SD EPDS >=10 EPDS<10
Early pregnancy 5165 4,90 3.51 531 (10.28) 4634 (89.72)
Mid-pregnancy 5165 471 3.47 463 (8.96) 4702 (91.04)

Table 12. Aim 2 Sleep Health in Early and Mid-pregnancy

Sleep dimensions Early pregnancy  Mid-pregnancy
Uncategorized sleep dimensions Mean £+ SD Mean + SD
Duration (hr) 8.03+1.05 7.88+1.08
Epworth Sleepiness Scale (ESS) Score 7.62+3.93 6.41+3.88
Wake after sleep onset (WASO, min) 19.39£18.91 23.56+20.17
Midpoint sleep (a.m.) @ 3:08 (1:13) 3:07 (1:14)
Weekend-weekday difference in bedtime (hr) 0.82+0.65 0.73+0.65
Weekend-weekday difference in waketime (hr) 1.63+1.14 1.50+1.08
Weekend-weekday difference in midpoint sleep (hr) 1.20+0.76 1.08+0.73
Categorized by specified cutoffs ? n (%) n (%)
Good sleep satisfaction, n (%) 2231 (43.19) 1957 (37.89)
Sufficient duration, n (%) 3643 (70.53) 3561 (68.94)
No excessive daytime sleepiness, n (%) 3632 (70.32) 4099 (79.36)
Good sleep continuity, n (%) 4484 (86.82) 4223 (81.76)
Appropriate sleep timing , n (%) 3770 (72.99) 3753 (72.66)
Regular bedtime, n (%) 4680 (90.61) 4765 (92.26)
Regular waketime, n (%) 2969 (57.48) 3219 (62.32)
Regular midpoint, n (%) 4243 (82.15) 4428 (85.73)
Composite sleep health score, Mean + SD 5.31+0.56 5.28+0.58

aMidpoint is presented in median with interquartile range. We performed Wilcoxon sign-ranked tests to

compare midpoint sleep between individuals with and without prenatal depression

b Satisfied sleep was defined as individuals rated "good" or "very good" sleep within the last 4 weeks;
good sleep duration was weekly sleep duration 7-9 hours for adults aged 18 or more and 8-10 hours for
adolescents; no excessive daytime sleepiness was ESS score <10; Good sleep continuity was WASO less
than 40 minutes; Good sleep timing was midpoint sleep between 2-4 a.m.; Regular bedtime, waketime,
and midpoint sleep were weekend-weekday differences less than 2 hours in bedtime, waketime, and

midpoint sleep
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Table 13. Bivariable Estimates of the Cross-sctional Associations Between Prenatal Depression and Multidimensional Sleep Health

Cross-sectional- Early pregnancy Cross-sectional- Mid-pregnancy

Sleep dimensions EPDS >10? EPDS <10* EPDS >10? EPDS <102

Uncategorized sleep dimensions n Mean + SD n Mean = SD  p-value n Mean+SD n Mean = SD  p-value
Duration (hr) 888  7.96+1.60 6435 8.03+1.28 0.2653 868 7.66+x1.73 6697 7.90+1.32 <.0001**
Epworth Sleepiness Scale (ESS) Score 966  8.92+430 6631 7.63+4.01 <.0001** 959 8.12+4.44 7032 6.39+3.97 <.0001**
Wake after sleep onset (WASO, min) 1086 26.84+34.49 7184 19.93+24.81 <.0001** 996 31.73+£37.36 7254 25.41+28.71 <.0001**
Midpoint sleep (a.m.) ® 888  3:37(1:54) 6435 3:11(1:22) <.0001** 868 3:39(1:55) 6697 3:12(1:26) <.0001**
Weekend-weekday difference in bedtime (hr) 776  0.95+1.24 5918 1.01+1.36 0.2651 729 0.99+1.57 6074 0.88+1.27 0.0753
Weekend-weekday difference in waketime (hr) 774  158+1.42 5923 175142 0.0011** 730 1.60+1.67 6073 1.58+1.35 0.8451
Weekend-weekday difference in midpointsleep (hr) 771 1.21+1.10 5905 1.35+1.24  0.0010** 725 1.24+1.45 6054 1.20+1.47 0.4132

Categorized by specified cutoffs n n (%) n n (%) p-value n n (%) n n (%) p-value
Good sleep satisfaction, n (%) 970 207 (21.34) 6673 2848 (42.68) <.0001** 966 168 (17.39) 7035 2691 (38.25) <.0001**
Sufficient duration, n (%) 888 483 (54.39) 6435 4240 (65.89) <.0001** 868 439 (50.58) 6697 4318 (64.48) <.0001**
No excessive daytime sleepiness, n (%) 966 562 (58.18) 6631 4636 (69.91) <.0001** 959 615 (64.13) 7032 5579 (79.34) <.0001**
Good sleep continuity, n (%) 1086 859 (79.10) 7184 6192 (86.19) <.0001** 996 732 (73.49) 7254 5859 (80.77) <.0001**
Good sleep timing , n (%) 888 497 (55.97) 6435 4401 (68.39) <.0001** 868 471 (54.26) 6697 4493 (67.09) <.0001**
Regular bedtime, n (%) 776 654 (84.28) 5918 5182 (87.56) 0.0101* 729 626 (85.87) 6074 5444 (89.63) 0.0020**
Regular waketime, n (%) 774 461 (59.56) 5923 3316(55.99) 0.0592 730 436(59.73) 6073 3754 (61.81) 0.2730
Regular midpoint, n (%) 771 611(79.25) 5905 4699 (79.58) 0.8314 725 582(80.28) 6054 5074 (83.81) 0.0155*

Composite sleep health score, Mean + SD 531  5.08+0.56 4364 5.34+0.55 <.0001** 644 5.00+0.64 4521 5.31+0.56 <.0001**

2EPDS score excluded one question in the EPDS that is associated with sleep.

® Midpoint is presented in median with interquartile range. We performed Wilcoxon sign-ranked tests to compare midpoint sleep between individuals with and without
prenatal depression

*p<0.05; **p<0.01
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Table 14. Adjusted Coefficient Estimates in the Cross-sectional Association Between Prenatal Depression and Sleep Health in Pregnancy

Cross-sectional- Early pregnancy

a Daytime a Midpoint Bedtime Waketime Midpoint Composite sleep
Duration . a WASO a . a . a ., A a
sleepiness sleep regularity regularity regularity health score
Adjusted Bb -0.08 0.31 8.37 12.75 -0.09 -0.16 -0.14 -0.34
SE 0.05 0.04 1.05 4.96 0.06 0.06 0.05 0.05
p-value 0.0893 <.0001** <.0001** 0.0112* 0.1289 0.0089* 0.0098* <.0001**
Cross-sectional- Mid-pregnancy
a Daytime a Midpoint Bedtime Waketime Midpoint Composite sleep
Duration . a WASO a .a .a . a a
sleepiness sleep regularity regularity regularity health score
Adjusted Bb -0.29 0.38 6.44 18.93 0.05 0.07 0.05 -0.47
SE 0.05 0.04 1.19 5.00 0.06 0.06 0.06 0.05
p-value <.0001** <.0001** <.0001** 0.0002** 0.4127 0.2902 0.3769 <.0001**

’ Sleep duration is in hour; Daytime sleepiness is the standardized ESS score from sample mean; Wake after sleep onset (WASQ) is the amount of time awake
between sleep time and waketime, WASO is presented in minutes; Bedtime, waketime, midpoint regularity are calculated by weekend-weekday differences in
hour in bedtime, waketime, and midpoint sleep; Composite sleep health score is the standardized sleep health score from sample mean

b
EPDS score excluded one question in the EPDS that is associated with sleep. Adjusted for: maternal age, race ethnicity, prepregnancy BMI, educational level,
percentage of federal poverty level, social support score, exercise within the last 4 weeks in early pregnancy, and smoking status within 3 months prior to

pregnancy.

*p<0.05; **p<0.01
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Table 15. Adjusted Odds Ratios in the Cross-sectional Association Between Prenatal Depression and Sleep Dimensions Categorized by Specified Cutoffs

in Pregnancy

Cross-sectional- Early pregnancy

Satisfied Sufficient sleep  No excessive daytime Good sleep Good sleep Regular Regular Regular
sleep : duration sleepiness : continuity ’ timing : bedtime * waketime * midpoint sleep :
EPDS >10
b 0.53 0.79 0.60 0.59 0.81 0.99 1.11 1.15
Odds ratios
95% ClI (0.46, 0.62) (0.67, 0.95) (0.51, 0.70) (0.48,0.71) (0.68, 0.97) (0.77,1.28)  (0.93,1.32) (0.92,1.43)
Cross-sectional- Mid-pregnancy
Satisfied Sufficient sleep  No excessive daytime Good sleep Good sleep Regular Regular Regular
sleep ’ duration sleepiness ’ continuity ’ timing : bedtime * waketime * midpoint sleep ’
EPDS >10
b 0.43 0.66 0.50 0.61 0.79 0.84 0.85 0.82
Odds ratios
95% ClI (0.36, 0.52) (0.55, 0.79) (0.41, 0.59) (0.51, 0.73) (0.66, 0.95) (0.63,1.12)  (0.71, 1.03) (0.65, 1.03)

* Satisfied sleep was defined as individuals rated "good" or "very good" sleep within the last 4 weeks; good sleep duration was weekly sleep duration 7-9 hours for
adults aged 18 or more and 8-10 hours for adolescents; no excessive daytime sleepiness was ESS score <10; Good sleep continuity was WASO less than 40
minutes; Good sleep timing was midpoint sleep between 2-4 a.m.; Regular bedtime, waketime, and midpoint sleep were weekend-weekday differences less than 2

hours in bedtime, waketime, and midpoint sleep

b
EPDS score excluded one question in the EPDS that is associated with sleep. Adjusted for: maternal age, race ethnicity, prepregnancy BMI, educational level,
percentage of federal poverty level, social support score, exercise within the last 4 weeks in early pregnancy, and smoking status within 3 months prior to

pregnancy.

*p<0.05; **p<0.01
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Table 16. Bivariable Estimates of the Longitudinal Associations Between Prenatal Depression and Multidimensional Sleep Health

Longitudinal- Early to mid-pregnancy

Sleep dimensions EPDS >10* EPDS <10 ® p-value
Uncategorized sleep dimensions n Mean + SD n Mean + SD p-value
Duration (hr) 963 7.77£1.70 6618 7.89£1.32 0.0455*
Epworth Sleepiness Scale (ESS) Score 1057 7.82+4.44 6951 6.39+3.97 <.0001**
Wake after sleep onset (WASO, min) 1086 31.37£36.70 7184 25.28+28.27  <.0001**
Midpoint sleep (a.m.) b 963 3:38 (1:56) 6618 3:12 (1:26) <.0001**
Weekend-weekday difference in bedtime (hr) 812 0.90+1.38 6004 0.89£1.30 0.8367
Weekend-weekday difference in waketime (hr) 808 1.48+1.47 6009 1.60+1.38 0.0229*
Weekend-weekday difference in midpoint sleep (hr) 807 1.13+£1.23 5985 1.21+1.20 0.0610
Categorized by specified cutoffs n n (%) n n (%) p-value
Good sleep satisfaction, n (%) 1061 255 (24.03) 6957 2623 (37.70)  <.0001**
Sufficient duration, n (%) 963 494 (51.30) 6618 4279 (64.66)  <.0001**
No excessive daytime sleepiness, n (%) 1057 694 (65.66) 6951 5525 (79.48)  <.0001**
Good sleep continuity, n (%) 1086 803 (73.94) 7184 5808 (80.85)  <.0001**
Good sleep timing, n (%) 963 517 (53.69) 6618 4466 (67.48)  <.0001**
Regular bedtime, n (%) 812 715 (88.05) 6004 5372 (89.47) 0.2193
Regular waketime, n (%) 808 512 (63.37) 6009 3686 (61.34) 0.2665
Regular midpoint, n (%) 807 676 (83.77) 5985 4992 (83.41) 0.7970
Composite sleep health score, Mean + SD 531 5.11+0.59 4634 5.30+0.57 <.0001**

3EPDS score excluded one guestion in the EPDS that is associated with sleep.

b Midpoint is presented in median with interquartile range. We performed Wilcoxon sign-ranked tests to compare midpoint sleep

between individuals with and without prenatal depression
*p<0.05; **p<0.01
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Table 17. Adjusted Coefficient Estimates in the Longitudinal Association Between Prenatal Depression in Early Pregnancy and Sleep Health in Mid-

Pregnancy

Longitudinal- Early pregnancy prenatal depression and mid-pregnancy sleep

Duration @ Day_time WASO 2 Midpoint Bedtime Waketi.me Midpo_int Composite sleep
sleepiness @ sleep @ regularity 2 regularity*  regularity @ health score
Adjusted Bb -0.18 0.36 6.31 10.00 -0.02 -0.08 -0.06 -0.24
SE 0.05 0.04 1.15 4.83 0.06 0.06 0.05 0.05
p-value 0.0003** <.0001** <.0001** 0.0384* 0.7625 0.1723 0.2562 <.0001**

aSleep duration is in hour; Daytime sleepiness is the ESS score; Wake after sleep onset (WASQ) is the amount of time awake between sleep time
and waketime, WASO is presented in minutes; Bedtime, waketime, and midpoint regularity are calculated by weekend-weekday differences in hour
in bedtime, waketime, and midpoint sleep

b EPDS score excluded one question in the EPDS that is associated with sleep. Adjusted for: maternal age, race ethnicity, prepregnancy BMI,
educational level, percentage of federal poverty level, social support score, exercise within the last 4 weeks in early pregnancy, and smoking status
within 3 months prior to pregnancy.

*p<0.05; **p<0.01
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Table 18. Adjusted Odds Ratios in the Longitudinal Association Between Prenatal Depression in Early Pregnancy and Sleep Dimensions Categorized by

Specified Cutoffs in Mid-pregnancy

Longitudinal- Early pregnancy prenatal depression and mid-pregnancy sleep

- Sufficient No excessive Regular
SatISfIF;d sleep daytime Goo-d sl'ee[:; Go.od. sleaep Reg-ulara RegL-JIar i midpoint
sleep duration sleepiness a continuity timing bedtime waketime sleep a
EPDS >10
Odds ratios 0.66 0.73 0.46 0.65 0.74 1.09 1.07 1.11
95% ClI (0.58,0.76)  (0.62, 0.87) (0.38, 0.55) (0.55, 0.79) (0.62, 0.89) (0.82, 1.46) (0.89, 1.29) (0.88, 1.44)

a Satisfied sleep was defined as individuals rated "good" or "very good" sleep within the last 4 weeks; good sleep duration was weekly sleep
duration 7-9 hours for adults aged 18 or more and 8-10 hours for adolescents; no excessive daytime sleepiness was ESS score <10; Good sleep
continuity was WASO less than 40 minutes; Good sleep timing was midpoint sleep between 2-4 a.m.; Regular bedtime, waketime, and midpoint
sleep were weekend-weekday differences less than 2 hours in bedtime, waketime, and midpoint sleep

b EPDS score excluded one question in the EPDS that is associated with sleep. Adjusted for: maternal age, race ethnicity, prepregnancy BMI,
educational level, percentage of federal poverty level, social support score, exercise within the last 4 weeks in early pregnancy, and smoking status
within 3 months prior to pregnancy.

*p<0.05; **p<0.01
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8.0 Aim 3. The Association Between Racial Discrimination and Multidimensional Sleep

Health in Nulliparous Pregnancy

8.1 Abstract

Background

Poor sleep health in pregnancy increases the inflammatory responses, affects metabolism,
and results in adverse maternal health outcomes. While research has identified racial differences
in sleep health, such differences tend to attenuate after controlling for racism, suggesting that
racism may be a potential social factor for poor sleep health in pregnancy. Furthermore, racism is
a chronic stressor and may magnify sleep health. However, the findings regarding the impacts of
racial discrimination experiences on individual sleep dimensions and multidimensional in
pregnancy are limited.

Methods

We used the experiences of discrimination scale (EOD) in mid-pregnancy and self-reported
sleep data from the Nulliparous Pregnancy Outcome Study: Monitoring Mothers-to-Be
(nuMoM2b) in early and mid-pregnancy to investigate the associations between the experiences
of racial discrimination and sleep health during pregnancy. There was complete EOD and sleep
data from both timepoints for 5,190 participants. The EOD scale included experiences of racial
discrimination under 9 situations. The sum of situations experienced ranged from 0 to 9.
Participants with 3 or more situation experiences were identified as having high exposure to racial
discrimination. We measured satisfaction, daytime sleepiness, timing, continuity, duration, and

bedtime, waketime regularity, and used composite sleep health score to measure multidimensional
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sleep health. We assessed the associations between the experiences of racial discrimination and
sleep health in early and mid-pregnancy among all participants, and a subgroup that included
Black, Hispanic, Asian, and other race people.
Results

Among the overall sample, the experiences of racial discrimination were associated with
lower odds of characterized as “good” sleep health in daytime sleepiness, timing, bedtime
regularity and composite score in early pregnancy; the experiences of racial discrimination were
associated with lower odds of characterized as “good” sleep health in duration, daytime sleepiness,
timing, and bedtime regularity. Among non-Hispanic Black , Hispanic, Asian, and other racial
groups (American Indian, Native Hawaiian, Multiracial), the experiences of racial discrimination
were associated with lower odds of characterized as “good” sleep health in sleep satisfaction
(Early: OR=0.84, 95%CI: 0.70-0.99; Mid: OR=0.80, 95%CI: 0.66-0.97), daytime sleepiness
(Early: OR=0.59, 95%CI: 0.45-0.77; Mid: OR=0.72, 95%CI: 0.53-0.93), and composite score
(Early: p=-0.14, p=0.0024; Mid: p=-0.17, p=0.0004) in both early pregnancy and mid-pregnancy
Conclusion

The experiences of racial discrimination may be critical in affecting sleep health during
pregnancy. Our results provided some understanding of the particular experiences of specific racial
groups in racial discrimination and sleep health during pregnancy. More findings on the
relationships between the experiences of racial discrimination and multidimensional sleep health
are warranted to better understand how social factor affects individual sleep dimensions and
overall multidimensional sleep health during pregnancy, which can further reduce adverse

maternal health outcomes attributed to poor sleep health.
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8.2 Background

Poor sleep health in pregnancy, including poor sleep quality and short sleep duration, are
highly prevalent in pregnancy and is associated with poor maternal health outcomes (Cai et al.,
2017; Champagne et al., 2009; Conlon et al., 2020; Facco et al., 2010; Facco et al., 2017; Hedman
et al., 2002; Hutchinson et al., 2012; Lopes et al., 2004; Mindell et al., 2015; Okada et al., 2019;
Okun et al., 2007; Reutrakul et al., 2011; Roca et al., 2020). Furthermore, poor sleep health in
pregnancy is associated with poor maternal health outcomes. For example, a cross-sectional study
of 364 high risk pregnant people in their second and third trimesters found 96.4% reported poor
sleep quality in association with pregnancy complications (i.e., gestational hypertension and
gestational diabetes) (Saadati et al., 2018). A study of 686 Asian pregnant people (Chinese, Malay,
and Indian) in their second trimester reporting poor sleep quality had 1.75 times higher odds of
gestational diabetes compared to people with good sleep quality (95%CI: 1.11-2.76). Pregnant
people with short sleep duration (less than 6 hours) had 1.96 times higher odds of gestational
diabetes than people with sleep duration of 6 hours or more (95%CI: 1.05-3.66) (Cai et al., 2017).
Since poor sleep health is common during pregnancy and increases risk for poor maternal health,
it is crucial to examine factors contributed to poor sleep health in pregnancy.

There are multiple factors contributed to poor sleep health during pregnancy including
overweight/obese, sleep hygiene, race ethnicity, poverty, and residing in disadvantaged
neighborhood (Duncan & Kawachi, 2018; Ferraro et al., 2014; Gay et al., 2017; Guinhouya et al.,
2019; Hutchinson et al., 2012; Maasilta et al., 2001; Nodine & Matthews, 2013; Okun et al., 2014).
Additionally, prior studies have also observed racial differences in sleep health during pregnancy.
For example, a cross-sectional study in Metro Detroit, US with 267 pregnant people found 38.4%

reported short sleep duration among African Americans, which is significantly higher than whites
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(17.4%) (Kalmbach et al., 2019) A longitudinal study with biracial sample (Black, white people)
has observed poorer subjective sleep quality, more sleep disturbances, and poorer sleep efficiency
during pregnancy among Black people compared to white people (Christian et al., 2019) A study
using data from the National Health Interview Survey (2004-2017) also found that African
American pregnant people have a significantly higher prevalence of short sleep duration than white
pregnant people (Prevalence ratio=1.35, 95%CI: 1.08-1.67) (Feinstein et al., 2020). A secondary
analysis of the National Health and Nutrition Examination Survey 2005-2010 examining sleep
health among women of childbearing age has found significantly less Mexican American and
Black women reported sleep duration of 7 to 8 hours during pregnancy compared to white people
(Amyx et al., 2017).

In non-pregnant populations, such racial differences were attenuated after adjusting racism,
suggesting that there are impacts of racism on sleep health (Hicken et al., 2013). A cross-sectional
survey of 3,105 adults aged 18 years or higher who lived in Chicago, US, found that racism-related
vigilance (i.e., the anticipation of racial discrimination) is similarly associated with poor sleep
health (i.e., sleep difficulty) among all racial groups in the sample (white, Black, Hispanic people)
(Hicken et al., 2013). A longitudinal study of 274 Hispanic college students indicated that the
anticipation and experience of racial discrimination were associated with poor sleep quality
(Gordon et al., 2020). A study with a biracial sample of Black and white American adults with
objective sleep assessment found shorter total sleep time and shorter deep sleep stage among Black
people compared to white people. The study also supported the concept of racism as the mediator
of racial differences in sleep health (Tomfohr et al., 2012). A secondary analysis using data from
the 2006 Behavioral Risk Factor Surveillance System has observed racial discrimination

associated with increased risks of sleep disturbance (p < .0001) and daytime fatigue (p < .0001)
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(Grandner et al., 2012). Racism is a system that is structured to assign value and opportunity based
on race. This can manifest as certain racial groups being seen as superior (e.g.., white supremacy)
or inferior (Jones, 2000). It leads to negative beliefs (i.e., prejudice) and differential treatment (i.e.,
discrimination) towards groups by other individuals and social institutions (Bonilla-Silva, 1996;
Grosfoguel, 2011; Grosfoguel, 2016; Williams, 1997). Racial discrimination is a product of the
concept of racism that often refers to one's interpersonal experiences of differential treatment based
on race ethnicity (Williams, 1997; Ahmed et al., 2007; Bailey et al., 2017; McLemore et al., 2018).
It occurs during daily life events of different attitude received from receiving services and respect,
suspicion toward criminal acts, and devaluating the achievement (Jones, 2000) The impact of
racism on sleep health is also supported by the underlying biological mechanisms. There is a
linkage between neurological and hormonal responses to stress that manifest in adverse health
(Ganzel et al., 2010). The effects of stress have also been linked to preservative cognition, leading
to worriedness and associated with physiological activation (Brosschot et al., 2005). Such stress-
related thoughts and worriedness may also magnify poorsleep health (Hicken et al., 2013).

While previous studies have observed racial differences in poor sleep health during
pregnancy, the findings on the impact of racism on poor sleep health during pregnancy were
limited. The understanding of the particular experiences of specific racial groups in racial
discrimination and sleep health during pregnancy was little. Specifically, the hormonal and
physical changes in pregnancy often lead to poor sleep health and adverse maternal health.
Exploring the psychosocial impacts on sleep health is critical for including social factors in
strategies for improving sleep health during pregnancy and further improve maternal health

outcomes attributed to poor sleep health.
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Furthermore, prior studies predominantly measured poor sleep quality and short sleep
duration to assess sleep health. However, sleep health includes multiple dimensions and can be
assessed under sleep regularity, satisfaction, alertness, timing, efficiency, and duration (Buysse,
2014). Sleep quality and duration alone do not account for overall sleep health. For example, a
recent study from Facco et al. found that later sleep timing was associated with increased risks of
gestational diabetes (Facco et al., 2017). Therefore, including multiple sleep dimensions as sleep
outcomes is necessary to identify the impacts of racial discrimination on one or multiple sleep
dimensions.

While poor sleep health in pregnancy is partially explained by physical and hormonal
changes occurring during pregnancy, social factors (i.e., the attitudes or beliefs that exist in the
social contexts that potential influence one’s concepts to other individuals or groups of people in
the society) such as racism are critical in understanding sleep health and the current racial
disparities. The goal of this study was to specifically investigates the relationship between racial
discrimination and individual sleep dimensions and overall multidimensional sleep health during
pregnancy. We specifically will investigate the association between individual’s experiences of
racial discrimination and how it relates to sleep health in early and mid-pregnancy. We
hypothesized that individuals within each racial group who reported more lifetime experiences of
racial discrimination were less likely to have good sleep health during pregnancy than those with
low to no racial discrimination experiences. The results of this study will provide potential
evidence of social impacts of racism on specific sleep dimensions or multidimensional sleep health

in pregnancy.
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8.3 Methods

Study design and settings

We used the Nulliparous Pregnancy Outcome Study data: Monitoring Mothers-to-Be
(nuMom2b). The nuMom2b study is a multi-site prospective cohort study conducted from 2010 to
2013 to assess the relationship between maternal genetic and physiologic factors and adverse
pregnancy and birth outcomes. There were 8 research sites, including Case Western University,
Columbia University, Indiana University; University of Pittsburgh; Northwestern University; the
University of California at Irvine, the University of Pennsylvania, and the University of Utah.
There were 3 timepoints of data collection during pregnancy. The first visit was completed
between 6 weeks+0 days and 13 weeks+6 days of gestation, the second visit was conducted
between 16 weeks+0 days and 21 weeks+6 days of gestation, and the third study visit was between
22 weeks+0 days and 29 weeks+6 days of gestation. The second and the third visits occurred at
least 4 weeks apart from the last study visit. Participants signed the informed consent before the
first study visits. Haas et al.'s protocol paper described additional details on study procedures (Haas
etal., 2015).

Study sample

The inclusion and exclusion criteria details were listed in the Haas et al. protocol paper
(Haas et al., 2015) Pregnant people who planned to deliver at the hospitals affiliated with the study
sites were screened for eligibility. Women with a viable, singleton pregnancy between 6 weeks+0
days to 13 weeks+6 days of gestation based on the ultrasound assessment, no previous pregnancy
that lasted 20 weeks based on self-reported data and verified through medical records, if available,
were included. Pregnant people with age under 13, or with a previous history of 3 or more

spontaneous abortions and known fetal complications were excluded. The study has been approved
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by the institutional review boards with the protection of human subjects. There were 10,037
participants in the overall nuMom2b cohort. Within the cohort, 8204 had some data on the
experiences of racial discrimination and sleep health, 5,190 have complete data on the experiences
of racial discrimination from the second prenatal visit and sleep questionnaire data at the first and
the third visits, the sample was used for the final analysis. (Figure 15) We further describe racial
discrimination experiences, sleep health and the crude associations among sample with some but
incomplete sleep data in the appendix.

Exposure- Experiences of racial discrimination

In the nuMomz2b study, the experiences of racial discrimination were assessed using the
experiences of discrimination scale (EOD) (Krieger et al., 2005) The data were collected once at
the second study visit during the prenatal period asking about lifetime experiences of racial
discrimination. The EOD Scale has acceptable internal consistency (Cronbach's alpha=0.74) in
assessing one's experiences of racial discrimination under the study sample among Black,
Hispanic, and white populations. (Krieger et al., 2005).

There were 9 questions asked in the EOD subscale. The questions asked whether the
individuals encounter racial discrimination under nine situations: "Have you ever experienced
discrimination, been prevented from doing something, or been hassled or made to feel inferior
because of your race, ethnicity, or color" including at school, getting hired, at work, housing,
medical care, getting service in a store or restaurant, getting credit, under public settings and from
the police (Krieger et al., 2005) It is worth noting that while racial discrimination exists from legal
systems to daily interpersonal interactions, the scale is to assess interpersonal racial discrimination
while some situations, including school, work, healthcare, and police settings, may have involved

the concept of institutional racism.

141



The nuMom2b study collected the binary responses to the listed situations (i.e., Yes or No).
We summed up the binary response (Yes=1/No=0) for each condition. The score ranges from 0 to
9, with the higher score indicating a higher level of experience in racial discrimination. Based on
the exploration of specified cutoffs under the association between racial discrimination and sleep
health during pregnancy in our sample, we are unable to detect a good cutoff for the association
between counts of situation experiencing racial discrimination and each sleep dimension.
(Appendix Table 11) Therefore, we weighed in the cutoffs applied in prior study that validate the
scale and used the same parent study data, we defined participants with high exposure of racial
discrimination if they reported 3 or more situations of racial discrimination (Grobman et al., 2016;
Krieger et al., 2005).

Outcome- Sleep health in pregnancy

We used self-reported sleep questionnaires data collected at the parent study's first and
third prenatal visits. Based on the multidimensional sleep health framework from Buysse, we
assessed sleep health through the following dimensions: regularity, satisfaction, sleepiness, timing,
wake after sleep onset (WASO), and duration (Buysse, 2014). We also described the percentages
of pregnant people good sleep health in each dimension that was dichotomized through specified
cutoffs. We assessed sleep regularity through weekend-weekday differences in bedtime, waketime,
and midpoint sleep (Roepke & Duffy, 2010). A weekend-weekday difference of less than 2 hours
was defined as good bedtime, waketime, and midpoint sleep regularity (Beauvalet et al., 2017).
Sleep satisfaction was assessed through a self-rated question: "Overall, was your typical night's
sleep during the last 4 weeks: very good, good, fair, poor, very poor". We defined good sleep
satisfaction if the responses were "very good" or "good". To measure daytime sleepiness, a

measure of alertness, we used the Epworth Sleepiness Scale (ESS). The ESS is an 8-item scale
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with each item scores from 0 to 3 and an overall ESS score ranging from 0 to 24. The higher ESS
score indicates a higher level of daytime sleepiness (i.e., poorer alertness) (Johns, 1991). The ESS
has acceptable internal consistency (Cronbach's alpha=0.77) among pregnant populations and is a
validated tool to assess daytime sleepiness (93.5% sensitivity and 100% specificity) (Johns, 2000;
Johns, 1992; Tsai et al., 2016). In this domain, we define good sleep health as an ESS score of 10
or lower (i.e., no excessive daytime sleepiness) (Johns et al., 1991). Sleep timing was defined
through midpoint sleep. Midpoint sleep is the halfway point between sleep onset and the final time
waking up to start the day. It was calculated through: bedtime + (wake time - bedtime) (Facco et
al., 2017). Midpoint sleep between 2 to 4 am was considered appropriate sleep timing (Dong et
al., 2019) Wake after sleep onset (WASO) is a measure of sleep continuity, part of the construct
as sleep efficiency. WASO was estimated by the sum of time spent awake between first falling
asleep and fully awake through nighttime sleep (Ohayon et al., 2017). We considered individuals
with WASO of less than 40 minutes WASO through nighttime sleep as having good sleep
continuity (Ohayon et al., 2017). Sleep duration was assessed through a weekly average sleep
duration weighted by workdays and weekends: ([weekday/workday duration x 5] + [weekend
duration x 2]) / 7 (Facco et al., 2018). Since the recommendation of sufficient sleep duration differs
between adolescents and adults, we applied different cutoffs to define good sleep duration based
on participants' age. Weighted sleep duration between 8 to 10 hours was considered a good sleep
duration among adolescents aged 13-17; and weighted sleep duration between 7 to 9 hours was
considered a good sleep duration among individuals aged 18 or more (Hirshkowitz et al., 2015).
(Table 4)

After describing each sleep dimension, we created a composite sleep health score to assess

the overall multidimensional sleep health by summing the calculated z scores of each dimension
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centering from our identified empirical cutoffs (Brindle et al., 2019). We removed individuals with
outliers (i.e., lower or higher than Q1£3%IQR) in each sleep dimension. Next, we recorded the z
score of each dimension to reflect a higher score indicates better sleep health. Then, we scaled
each recoded z score into a range of 0 to 1, with 1 being the closest to specified cutoff in the
specific sleep dimension and 0 being the furthest. Finally, we summed the scaled sleep health score
and created a composite sleep health score for each individual. To calculate the composite sleep
health score, we included bedtime and waketime regularity instead of the midpoint sleep regularity.
The composite sleep health score ranges from 0 to 7, with the higher score indicating better sleep
health.
Covariates

We identified covariates based on the previous studies with similar areas of interest and
studies using data from the same parent study (Grobman et al., 2016; Facco et al., 2018).
Demographic characteristics were collected through self-reported questionnaires at the baseline
visit. We described maternal age in the following categories: 13-17, 18-34, 35-39 and 40+ years.
Five categories for race ethnicity: non-Hispanic white, non-Hispanic Black, Hispanic, Asian, and
Other race ethnicity including American Indian, Native Hawaiian, and multiracial individuals. It
is worth noting that differences in racial discrimination and sleep health by race should be
described but not controlled for as a confounder because race is highly related to the experiences
of racial discrimination. Instead of controlling for race, we examined the association between racial
discrimination and sleep health by subcategory of pregnant people identified as Black, Hispanic,
Asian, and other racial groups. Educational level was categorized as less than high school graduate,
high school graduated/GED, associate or tech degree, some college, college graduated, and degree

beyond college. Pregnancy-related covariates include gestational age at enroliment, prepregnancy
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BMI, gravidity, and tobacco use. Gestational age was identified through ultrasound assessment,
prepregnancy BMI was self-reported and gravidity was self-reported and further verified through
medical records, if available. Subjects were overweight if prepregnancy BMI was between 18.5-
25 kg/m? and obese if prepregnancy BMI was between 30-35 kg/m?. Individuals with
prepregnancy BMI of 35 kg/m? or higher were considered morbidly obese. Tobacco use was
measured in two domains, ever used tobacco and 3 months prior to pregnancy. We also included
social support as a psychosocial covariate. Social support was assessed through the
Multidimensional Scale of Perceived Social Support (MSPSS). The MSPSS is a self-reported, 12-
item, 7-point scale that assesses one's social support level through family, friends, and significant
other. The score ranges from 12 to 84, with the higher score indicating better social support
(Ziment et al., 1990). The MSPSS is a valid instrument to assess social support level in pregnancy,
with a reported Cronbach's alpha of 0.93 in a pregnant sample from Pakistan (n=1,154)
(Mirabzadeh et al., 2013).

We applied directed acyclic graphs (DAG) to identify the confounding effects of covariates
and make decision on what confounders to be included in the adjusted model. DAGs allow
researchers to identify causal relationships between variables through background knowledge,
empirical literature findings, theories, and assumptions (Greenland et al., 1999; Tennant et al.,
2021) Sleep health during pregnancy is associated with advanced maternal age, overweight/obese,
sleep hygiene, exercise, and smoking. There are also differences in race ethnicity on sleep health
during pregnancy. SES factors for sleep health include educational level and income level.
Furthermore, the stressors such as lacking social support may impact sleep health during

pregnancy.
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Racial discrimination is highly associated with one’s race ethnicity. Age, income level, and
social support. Racial discrimination could also be a stressor to overweight or obese. The
identified minimal sufficient set from the DAG includes maternal age, educational level, poverty
level, and smoking status. (Figure 16) To identify multicollinearity issues, we applied Spearman
correlation to identify the correlation across variables. Maternal age, educational level, and poverty
level had correlation over 0.5. (Appendix Table 3) We further explored the variance inflation factor
(VIF) and all variables had VIF less than 2.5. (Appendix d) The multicollinearity issue was minor
and all confounders in the minimum sufficient set were included for model adjustment.

Statistical analysis

We first presented the demographic characteristics of our study sample. We further
described demographic characteristics, racial discrimination, sleep health, and the crude
association between racial discrimination and sleep health among samples with incomplete data.
Then, we observed the crude association between covariates and exposure (racial discrimination
experiences) and outcomes (multidimensional sleep health in pregnancy). We applied bivariable
analysis to assess the crude association between the experiences of discrimination and individual
sleep dimensions and multidimensional sleep health. We used student's t-tests for the normally
distributed continuous variables, Mann-Whitney tests for non-normally distributed continuous
variables and chi-square tests for the categorical variables. For the adjusted model estimates, we
presented the adjusted coefficients through linear regression models for continuous sleep
outcomes. To help interpret the difference between exposure groups for ESS and composite sleep
health scores between depressed non-depressed pregnant people, we standardized the scores. This
allows us to interpret as how many standard deviations higher or lower in ESS and composite sleep

health score among pregnant people reported 3+ situations of racial discrimination compared to
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pregnant people reported <3 situations of racial discrimination. We also applied logistic regression
analyses to assess the association between racial discrimination experiences and each sleep
dimension after dichotomizing them into "good" and "poor™ dimensions. Based on our ancillary
analysis on the prevalence of racial discrimination and its association with sleep outcomes by each
racial group, we found Black, Hispanic, Asian, and other racial groups had substantially higher
prevalence of racial discrimination compared to white people. Furthermore, Black, Hispanic,
Asian, and other racial groups had similar associations between racial discrimination and sleep
outcomes including satisfaction, duration, timing, and sleepiness. (Appendix Table 12, 13)
Therefore, we combined all racial groups (Black, Hispanic, Asian, and other race) in the subgroup
analysis to examine the association between racial discrimination and sleep health in pregnancy.
We accepted a type 1 error (a=0.05) for determining the significance level of the statistical

testing. We used SAS version 9.4 for data management and analyses (SAS Institute, Cary, NC).

8.4 Results

Demographic characteristics

Among 8,221 study participants with data on the experiences of racial discrimination and
sleep health in early and mid-pregnancy, 5,190 had complete data on racial discrimination and
sleep data in early and mid-pregnancy, 3031 had some but incomplete data. Among all participants
with complete racial discrimination and sleep data (n=5190), 277 (5.34%) had reported 3 or more
situations of racial discrimination experiences. Participants reported 3 or more situations of racial
discrimination experiences were older (29.09+6.01 vs. 28.13+5.12 years, p=0.0099), had higher

prepregnancy BMI (26.90+6.26 vs. 25.50+5.58 kg/m?, p=0.0004), a lower percentage of the
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federal poverty level (433.92+305.94 vs. 496.92+300.05%, p=0.0016), and lower social support
score (72.77£13.83 vs. 75.70+13.45, p=0.0004) than participants reported less than 3 situations of
racial discrimination experiences. Furthermore, participants reporting 3 or more situations of racial
discrimination experiences were at higher percentages of tobacco use (51.62% vs. 41.07%,
p<.0001), a higher percentage of using governmental health insurance (25.63% vs. 16.28%,
p<.0001), and a lower percentage of commercial health insurance use (67.87% vs. 80.85%,
p<.0001). Racial differences were significant in the experiences of racial discrimination. Among
participants with 3 or more situations of racial discrimination experiences, only 10.83% were
white, 27.44% were Black, 25.27% were Hispanic, and 25.99% were Asian. (Table19)

For the demographic characteristics among participants with some but incomplete sleep
data, we observed younger age and a lower percentage of federal poverty level than the complete
case sample. The differences in demographic characteristics between participants with 3 or more
versus less than 3 situations of racial discrimination experiences were similar to the complete case
sample, except maternal age was no different from the incomplete sample. The sample with some
but incomplete data also had younger maternal age, higher prepregnancy BMI, higher educational
level, higher percentages of smoking and lower income level than the sample with complete data.
(Appendix Table 14)

Racial discrimination

We described the number of situations of racial discrimination among our study sample
who has complete data on sleep and racial discrimination. Asians had the lowest percentage of 0
situations of racial discrimination experiences (52.48%), followed by non-Hispanic Black people
(55.08%), other racial groups (61.88%), and Hispanics (64.77%). Non-Hispanic Black peoples

reported the highest percentage of 3 or more situations of racial discrimination experiences among
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all racial groups (21.54%), followed by Asians (12.40%), other racial groups (13.00%), and
Hispanics (11.11%). (Table 20)

We also described the distribution of racial discrimination experiences among the overall
sample and sample with some but incomplete data. (Appendix Table 15) The distributions were
similar where Asian people had the lowest percentage of reported O situation of racial
discrimination (Overall sample: 52.65%; Sample with incomplete data: 53.06%). Non-Hispanic
Black people had the highest percentage of reported 3+ situations of racial discrimination in the
overall sample (15.93%) and Asian people had the highest percentage of reported 3+ situations of
racial discrimination in the sample with some but incomplete data (21.43%).

Sleep health

We described sleep health in this study sample during early and mid-pregnancy. Sleep
duration declined from 8.03+1.05 hours in early pregnancy to 7.87+1.08 hours in mid-pregnancy.
The average ESS score decreased from 7.61+3.93 in early pregnancy to 6.42+3.88 in mid-
pregnancy. WASO increased from 19.45+18.98 minutes in early pregnancy to 23.59+20.19
minutes in mid-pregnancy. The midpoint sleep was similar between 2 timepoints. There were
slight decreases in weekend-weekday differences in bedtime, waketime, and midpoint sleep from
early to mid-pregnancy. When we looked at the sleep health after dichotomized by specified
cutoffs for each dimension, we saw decreased percentages of good sleep health in satisfaction and
sleep continuity. The percentages of no excessive daytime sleepiness increased from 70.40% in
early pregnancy to 79.29% in mid-pregnancy. There was also a 1.6 to 4.9% increase in the
percentages of a regular bedtime, waketime, and midpoint sleep from early to mid-pregnancy. The
percentages of sufficient sleep duration and appropriate sleep timing were similar between the two

timepoints. (Table 21)
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The sample with incomplete sleep data also had lower sleep duration and higher ESS scores
in early pregnancy. These dimensions were similar between two samples in mid-pregnancy. The
incomplete case sample had higher WASO, later midpoint sleep, and larger weekend-weekday
differences in bedtime, waketime, and midpoint sleep during both early and mid-pregnancy
compared to the complete case sample. The percentages of satisfied sleep were lower in both early
and mid-pregnancy than in the complete case sample. (Appendix Table 16)

The association between racial discrimination and sleep health in pregnancy-all samples

In the crude association between racial discrimination and sleep health in early pregnancy
among study participants across all races, pregnant people who experienced 3 or more situations
of racial discrimination had lower average sleep duration (7.81+£1.49 vs. 8.03+1.31 hours,
p=0.0024), higher ESS score (8.66+4.10 vs. 7.73+4.06, p<.0001), longer WASO (24.75+32.22 vs.
20.68+26.00 minutes, p=0.0055), and later midpoint sleep (3:38 vs. 3:13 am, p<.0001) than
pregnant people with <3 situations of racial discrimination. There were no statistically significant
differences in weekend-weekday differences in bedtime, waketime, and midpoint sleep between
participants with 3+ situations of racial discrimination and <3 situations of racial discrimination.
When we dichotomized sleep dimensions by specified cutoffs, pregnant people with 3+ situations
of racial discrimination had lower percentages of satisfied sleep (32.69% vs. 40.41%, p=0.0010),
sufficient duration (57.57% vs. 64.91$, p=0.0019), no excessive daytime sleepiness (58.41% vs.
69.17%, p<.0001), appropriate sleep timing (57.34% vs. 67.41%, p<.0001), and regular bedtime
(80.99% vs. 87.50%, p=0.0002). For the multidimensional sleep health, pregnant people with 3+
situations of racial discrimination had statistically significant lower composite sleep health score
(5.20+0.59) compared to pregnant people with <3 situations of racial discrimination (5.32+0.55,

p=0.0005). (Table 22)
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In the crude association between racial discrimination and sleep health in mid-pregnancy
among all study samples, pregnant people who experienced 3+ situations of racial discrimination
had lower sleep duration (7.62+1.50 vs. 7.89+1.35 hours, p=0.0002), higher ESS score (7.40£4.34
Vvs. 6.54+4.04, p<.0001), and later sleep timing (3:34 vs. 3:13 am, p<.0001) than pregnant people
with <3 situations of racial discrimination experiences. WASO increased from early to mid-
pregnancy, and WASO in mid-pregnancy between 2 groups were not statistically significant
(p=0.1223). After dichotomizing the sleep dimensions into specified cutoffs, pregnant people with
3+ situations of racial discrimination had statistically significant lower percentages of sufficient
sleep duration (55.04% vs. 63.71%, p=0.0002), no excessive daytime sleepiness (69.75% vs.
78.09%, p<.0001), appropriate sleep timing (56.58% vs. 66.32%, p<.0001), and regular bedtime
(83.33% vs. 89.70%, p<.0001) compared to pregnant people with <3 situations of racial
discrimination. For the multidimensional sleep health, pregnant people with 3+ situations of racial
discrimination had lower composite sleep health score in mid-pregnancy (5.17+0.62) compared to
pregnant people who reported <3 situations of racial discrimination (5.29+£0.57, p=0.0012). (Table
22)

We also examined the crude association between racial discrimination and sleep health in
pregnancy among samples with some incomplete sleep data (3031 out of 8221 participants who
had some data in racial discrimination and sleep health, 37%). Similar to the sample with complete
sleep data, pregnant people with 3+ situations of racial discrimination had shorter sleep duration,
higher ESS score, longer WASOQO, and. later midpoint sleep during early pregnancy than pregnant
people with <3 situations of racial discrimination. Specifically, the median midpoint sleep was
later than our specified cutoff (4 am) among people with 3+ situations of racial discrimination

(4:03 am). After dichotomizing sleep health by specified cutoffs, pregnant people with 3+
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situations of racial discrimination had lower percentages of satisfying sleep, sufficient duration,
no excessive daytime sleepiness, and appropriate sleep timing compared to pregnant people with
<3 situations of racial discrimination. In mid-pregnancy, the differences in sleep health between
pregnant people reported 3+ and <3 situations of racial discrimination were similar to the sample
with complete sleep data. There were statistically significant differences in sleep duration, ESS
score, and midpoint sleep. After dichotomizing sleep dimensions by specified cutoffs, pregnant
people with 3+ situations of racial discrimination had lower percentages of satisfying sleep,
sufficient duration, no excessive daytime sleepiness, and appropriate sleep timing in mid-
pregnancy than pregnant people with <3 situations of racial discrimination. (Appendix Table 17)

In multivariable analyses, we controlled for maternal age, poverty in percentage, social
support score, and educational level to assess the association between racial discrimination
experiences and pregnancy sleep health. The adjusted association between racial discrimination
and early pregnancy sleep duration was no longer statistically significant (p=0.0847). Pregnant
people had 3+ situations of racial discrimination had 0.19 standard deviations higher ESS score
(p=0.0002) and 18.42 minutes later in midpoint sleep (p=0.0053) in early pregnancy than pregnant
people who reported <3 situations of racial discrimination. Pregnant people reported 3+ situations
of racial discrimination also had 0.20 standard deviations lower of composite sleep health score in
early pregnancy than pregnant people reported <3 situations of racial discrimination (p=0.0023).
For sleep outcomes in mid-pregnancy, pregnant people with 3+ situations of racial discrimination
had 0.22 hours less in sleep duration (p=0.0010), 0.18 standard deviations higher in ESS score
(p=0.0061), 27.67 minutes later in midpoint sleep (p<.0001), and 0.17 hours more in weekend-
weekday difference in bedtime than pregnant people reported <3 situations of racial discrimination

(p=0.0266). Pregnant people with 3+ situations of racial discrimination also had 0.18 standard
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deviations lower of composite sleep health score in mid-pregnancy than pregnant people reported
<3 situations of racial discrimination (p=0.0077). (Table 23)

For the adjusted associations between racial discrimination experiences and early
pregnancy sleep dimensions dichotomized by specified cutoffs, pregnant people who reported 3+
situations of racial discrimination had 33% lower odds of no excessive daytime sleepiness
(OR=0.67, 95% ClI: 0.54-0.83), 33% lower odds of good sleep timing (OR=0.67, 95% CI: 0.53-
0.84), and 44% lower odds of regular bedtime (OR=0.56, 95% CI: 0.41-0.75) than pregnant people
reported <3 situations of racial discrimination. In mid-pregnancy, pregnant people with 3+
situations of racial discrimination had 29% lower odds of sufficient sleep duration (OR=0.71, 95%
Cl: 0.57-0.89), 30% lower odds of no excessive daytime sleepiness (OR=0.70, 95% ClI: 0.55-0.89),
33% lower odds of good sleep timing (OR=0.67, 95% CI: 0.53, 0.85), and 47% lower odds of
regular bedtime (OR=0.53, 95% CI: 0.38-0.74) than pregnant people with <3 situations of racial
discrimination. (Table 24)

The association between racial discrimination and sleep health in pregnancy-among Black,

Hispanic, Asian, and other racial groups

Since the proportion of racial discrimination were lower in white people compared to
Black, Hispanic, Asian and other race people. We further examined the association between racial
discrimination and sleep health among Black, Hispanic, Asian, and other race (American Indian,
Native Hawaiian, Multiracial) populations. We explored the associations for each racial/ethnic
group represented in the study, and in our sample, we found similar associations in racial
discrimination and sleep dimensions in satisfaction, duration, ESS score, WASO, and composite
sleep health score. Therefore, we examined the associations between racial discrimination and

sleep health among Black , Hispanic, Asian and other racial groups altogether.
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For the crude associations between racial discrimination experiences and early pregnancy
sleep health, pregnant people with 3+ situations of racial discrimination had lower sleep duration,
higher ESS score, and longer WASO than pregnant people with < 3 situations of racial
discrimination. After dichotomizing sleep dimensions by specified cutoffs, pregnant people with
3+ situations of racial discrimination had lower percentages of satisfied sleep (33.70% vs. 41.10%,
p=0.0078), no excessive daytime sleepiness (56.15% vs. 67.35%, p<.0001), and efficient sleep
(84.54% vs. 88.41%, p=0.0271). There was no longer a significant crude association between
racial discrimination and early pregnancy sleep duration after dichotomizing by specified cutoffs
(p=0.1878). There was a crude association between racial discrimination experiences and
composite sleep health scores in early pregnancy (5.19+0.59 vs. 5.30+0.58, p=0.0099). (Table25)

For sleep outcomes in mid-pregnancy, pregnant people reported with 3+ situations of racial
discrimination had lower sleep duration (7.56£1.58 vs. 8.08+1.66 hours, p<.0001), higher ESS
score (7.4914.33 vs. 6.77+4.38, p=0.0027), longer WASO (27.46£30.89 vs. 22.22+31.31 minutes,
p=0.0018) than pregnant people with <3 situations of racial discrimination. Among all
dichotomized sleep dimensions, pregnant people experienced 3+ situations of racial discrimination
had lower percentages of satisfied sleep (32.98% vs. 39.63%, p=0.0130), no excessive daytime
sleepiness (68.67% vs. 74.92%, p=0.0093), and efficient sleep (79.30% vs. 84.72%, p=0.0059)
than pregnant people reported <3 situations of racial discrimination. Pregnant people with 3+
situations of racial discrimination also had statistically significant lower mid-pregnancy composite
sleep health scores than pregnant people with <3 situations of racial discrimination (5.15+0.64 vs.
5.31+0.57, p=0.0010). (Table 25)

In a sample with some but incomplete sleep data, the statistically significant results of the

associations between racial discrimination and sleep health were similar to the sample with
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complete sleep data. Only sufficient sleep duration was no longer statistically significantly
different in early pregnancy by racial discrimination groups (p=0.6498). In mid-pregnancy sleep,
sleepiness was not different by racial discrimination experiences, both ESS score (p=0.1617) and
dichotomized by ESS<10 (p=0.2937). There were crude associations between racial discrimination
experiences and mid-pregnancy sufficient duration (p=0.0114) and efficient sleep (p=0.0046)
among the dichotomized sleep dimensions. (Appendix Table 18)

We further examined the adjusted associations between racial discrimination experiences
and pregnancy sleep health. In early pregnancy, pregnant people who reported 3+ situations of
racial discrimination had 0.20 hours shorter in sleep duration (p=0.0381), 0.23 standard deviations
higher in ESS score (p=0.0003) and 3.49 minutes more in WASO (p=0.0422) than pregnant people
who reported <3 situations of racial discrimination experiences. Pregnant people reported 3+
situations of racial discrimination also had 0.26 standard deviations lower in composite sleep
health score in early pregnancy than pregnant people reported <3 situations of racial discrimination
(p=0.0012). In mid-pregnancy, pregnant people reported 3+ situations of racial had 0.31 hours
shorter in sleep duration (p=0.0014), 0.18 standard deviations higher in ESS score (p=0.0048),
19.99 minutes later in midpoint sleep (p=0.0164) compared to pregnant people reported <3
dimensions of racial discrimination. Pregnant people with 3+ situations of racial discrimination
also had 0.31 standard deviations lower in composite sleep health score in mid-pregnancy than
pregnant people reported <3 dimensions of racial discrimination (p=0.0002). (Table 26)

In the adjusted models with sleep dimensions dichotomized by specified cutoffs, pregnant
people with 3+ situations of racial discrimination had 17% lower odds of having a satisfying sleep
(OR=0.83, 95% CI: 0.69-0.98), and 40% lower odds of no excessive daytime sleepiness (OR=0.60,

95% CI: 0.46-0.78) in early pregnancy compared to pregnant people reported <3 situations of
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racial discrimination. Pregnant people with 3+ situations of racial discrimination had 20% lower
odds of satisfying sleep (OR=0.80, 95% CI: 0.66-0.97) and 31% lower odds of no excessive
daytime sleepiness (OR=0.69, 95% CI: 0.52-0.93) in mid-pregnancy compared to pregnant people

with <3 situations of racial discrimination experiences. (Table 27)

8.5 Discussion

Based on our findings, the experiences of racial discrimination were associated with some
sleep dimensions and multidimensional sleep health in early and mid-pregnancy. Specifically,
among overall study samples, racial discrimination experiences were associated with higher ESS
score and later midpoint sleep in both early and mid-pregnancy after adjusting for potential
confounders. The experiences of racial discrimination were associated with short duration and
larger weekend-weekday differences in bedtime in mid-pregnancy. After dichotomizing by
specified cutoffs, pregnant people with 3+ situations of racial discrimination had lower odds of no
excessive daytime sleepiness, good sleep timing, and regular bedtime in both early and mid-
pregnancy, lower odds of sufficient sleep duration and regular midpoint sleep in mid-pregnancy.
Among Black, Hispanic, Asian and other racial groups, we found the experiences of racial
discrimination were associated with shorter sleep duration and higher ESS score in both early and
mid-pregnancy. The experiences of racial discrimination were associated with higher WASO in
early pregnancy and later midpoint sleep in mid-pregnancy. After dichotomizing by specified
cutoffs, pregnant people with 3+ situations of racial discrimination had lower odds of satisfying

sleep and no excessive daytime sleepiness. There were associations between the experiences of
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racial discrimination and composite sleep health score in both overall and Black, Hispanic, Asian,
and other race combined samples and at both early and mid-pregnancy

This study identified racial discrimination experiences as a potential risk factor for poor
sleep health in pregnancy. We explored specified cutoffs in the association between racial
discrimination and sleep health, but based on our sample, the cutoff was not feasible (cutoff at 0)
to identify higher and lower exposure groups. Therefore, we utilized a cutoff at 3 situations or
more as high exposure to racial discrimination based on previous validity study for the scale and
studies that apply racial discrimination data from the same parent study (Grobman et al., 2016;
Kreiger, 2005). We further focused on Black, Hispanic, Asian, and other racial groups, who are at
higher prevalence of experiencing racial discrimination in the US (Abramson et al., 2015; Lee et
al., 2019). After the ancillary analysis of our sample indicating similar associations between racial
discrimination and sleep health outcomes observed across these racial groups, we combined Black,
Hispanic, Asian, and other racial groups as a subgroup for analysis.

Our findings support that racial discrimination experiences as a risk factor contributing to
poor sleep health in pregnancy under some specific dimensions (satisfaction, daytime sleepiness,
sleep timing) and multidimensional sleep health (composite sleep health score). Previous studies
have also examined the relationship between racial discrimination and sleep in some dimensions,
under both pregnant and non-pregnant populations. A study of 640 pregnant people from prenatal
registry data has found a cross-sectional association between everyday experiences of
discrimination and poor sleep quality. Increased experiences of discrimination were associated
with poor sleep initiation, maintenance, and daytime functioning (Francis et al., 2017). The study
results were consistent with our findings under similar study populations (i.e., pregnant population)

and outcomes (sleep quality and daytime functioning). The relationship between racial
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discrimination and sleep health were also assessed among non-pregnant populations. Previous
studies have examined the effects of racial discrimination on sleep health among Hispanics and
African American college students Rumination, the anticipation and experiences of racial
discrimination negatively impact sleep quality among Hispanic and African American college
students in their freshman year (Gordon et al., 2020; Hoggard & Hill, 2018).

Our results and previous findings support the mechanisms between racial discrimination
as a potential stressor and its impact on sleep health. The experiences of racial discrimination are
chronic psychosocial stressors that contribute to health disparities (Brondolo et al., 2011; Clark et
al., 1999). A chronic stressor may affect endocrine response and physiological changes and
physiological adapt to the stress and decrease in arousal during the stress. Stress may lead to organ
and tissue damages, which will further impact health (Burchfield, 1979). There is a linkage
between neurological and hormonal responses to stress that manifest individual health (Ganzel et
al., 2010). The effects of stress have also been linked to preservative cognition, leading to
worriedness and associated with physiological activation (Brosschot et al., 2005). Such stress-
related thoughts and worriedness may also magnify sleep health (Hicken et al., 2013).

Our study further considered sleep health under a multidimensional concept and
incorporates multiple sleep dimensions together as an outcome. In both overall sample and the
subgroup sample including Black, Hispanic, Asian and other race pregnant people, we found that
pregnant people reported 3+ situations of racial discrimination had lower composite sleep health
score (poorer multidimensional sleep health) in both early and mid-pregnancy compared to those
reported <3 situations of racial discrimination. While we observed statistically significant
associations in racial discrimination and sleep health, we are unable to confirm that the statistically

significant findings were indicative of clinically meaningful differences in sleep health by racial
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discrimination experiences. However, our results suggested the consideration of racial
discrimination experiences as psychosocial factors that have an impact on individual sleep
dimensions and multidimensional sleep health during pregnancy. Identifying racial discrimination
associated with specific sleep dimensions and multidimensional sleep health in pregnancy will
support evidence of considering racial discrimination experiences in promoting sleep health in
pregnancy, which can further reduce adverse maternal health outcomes attributed to poor sleep
health in pregnancy (Hutchinson et al., 2012; Lee et al., 2000).

There are a few strengths in our study. First, to our knowledge, this is the first study in
examining the effects of racial discrimination on sleep health among pregnant people with the
consideration of multidimensional sleep health. We considered racial discrimination as a potential
social factor that may attribute to sleep health during pregnancy. Furthermore, we are able to
include multiple sleep outcomes and the overall multidimensional sleep health to examine the sleep
dimensions that racial discrimination experiences may associated with. Second, we are able to
observe the association between racial discrimination experiences and sleep health at more than
one timepoint in pregnancy. Since sleep health changes dynamically in pregnancy, having sleep
assessment in different trimesters will provides us information on when social factors may
contribute more to sleep health during the prenatal period (Lee, 1998). However, due to the nature
of secondary analysis, we only have early and mid-pregnancy sleep assessment. Future studies
should consider sleep outcomes in late pregnancy for a more comprehensive view on how social

factor associated with sleep health throughout pregnancy.

There are also some limitations in our study. First, this is secondary analysis from an
observational study, there are residual confounders that we are unable to adjust for, including the

information about residing in disadvantaged neighborhoods and other neighborhood-level factors

159



that may contribute to racial discrimination experiences and sleep health. We are also limited to
the assessment of racial discrimination experiences. There are other important factors such as the
frequency and coping strategies of racial discrimination was not available. Second, we used self-
reported sleep data for our study outcome. NuMom2b study has a substudy that assessed sleep
objectively during second trimester of pregnancy. However, the substudy has a different target
sample than the overall study. Furthermore, sleep satisfaction and sleepiness are better captured
through subjective assessment (Zhang & Zhao, 2007) Third, the empirical cutoffs we used for
dichotomizing sleep dimensions were based on general populations but not specifically for
pregnant populations. More studies on exploring thresholds for each sleep dimension is necessary
to establish thresholds for good sleep health in pregnant populations. Lastly, our study sample may
not be representative enough for overall pregnant populations. Our study sample was limited to
nulliparous pregnant people and were recruited under hospital settings. Therefore, our sample have
healthcare access and reported higher educational level and less poverty. We are unable to apply
the findings to multiparous women while parity is also an important factor for sleep health in
pregnancy (Christian et al., 2019; Lee et al., 2000) We are also unable to conclude the findings on
underserved pregnant populations. Future studies will need to consider a more diverse pregnant

population to better assess the effects of social factors on sleep health in pregnancy.

8.6 Conclusion

Pregnant people's experiences of racial discrimination were associated with specific sleep
dimensions, including sleep satisfaction, daytime sleepiness, sleep timing, and multidimensional

sleep health in pregnancy. This study suggested that racial discrimination is an important
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psychosocial stressor for poor sleep health in early and mid-pregnancy. Our findings supported
that reducing racial discrimination experiences may improve pregnant people's sleep health and
further reduce adverse maternal health outcomes attributed to poor sleep health during pregnancy.
Our results also provided some understanding of the particular experiences of specific racial
groups in understanding the relationship between racial discrimination and sleep health during
pregnancy. Future studies should further examine the effects of racial discrimination experiences
on sleep health under different and diverse pregnant populations (multiparous, low-income etc.)
to better understand the impact of racial discrimination on sleep health in pregnancy. Future studies
should also examine the clinical meaningfulness of changes in individual sleep dimensions and
multidimensional sleep health between pregnant people with high and low to no experiences of

racial discrimination.

8.7 Aim 3 Tables and Figures

Original nuMomz2b cohort (n=10,037) J

All samples with at least some self-reported All samples with at least some
racial discrimination data at both visits self-reported sleep data at both visits
(n=9,412) (n=8,799)
* 1
Y . Y
With complete racial discrimination With complete sleep With complete sleep
data at visit 2 (n=6,875) data at visit 1 (n=6,875) data at visit 3 (n=6,914)

l J
{

[ With complete racial discrimination data at visit 2, and sleep data at visit 1 and 3(n=5,190) J

Figure 15. Figure 15. Aim 3 Participant Flowchart
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Figure 16. DAG for Racial Discrimination, Sleep Health, and Covariates
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Table 19. Aim 3 Demographic Characteristics of the Study Sample- Overall and by the Experiences of Racial

Discrimination

<3 situations

3+ situations

Overall (n=5190) di Of. rac iaI_ . Of_ ra_cial_
iscrimination  discrimination
(n=4913) (n=277)
Variables Mean = SD Mean + SD Mean = SD p-value
Gestational age at screening (weeks) 11.60+1.48 11.59+1.47 11.69+1.48 0.3074
Maternal age at screening (years) 28.18+5.18 28.13+5.12 29.09+6.01 0.0099**
Prepregnancy BMI (kg/m?) 25.58+5.63 25.50+5.58 26.90£6.26  0.0004**
Percentage of federal poverty level (%)  493.65+300.65 496.92+300.05 433.92+305.94 0.0016**
Social support score 75.55+£13.49 75.70£13.45 72.77£13.83  0.0004**
Variables n (%) n (%) n (%) p-value
Maternal age at screening (years) <.0001**
13-17 59 (1.14) 57 (1.16) 2 (0.72)
18-34 4582 (88.29) 4364 (88.83) 218 (78.70)
35-39 475 (9.15) 429 (8.73) 46 (16.61)
40 or higher 74 (1.43) 63 (1.28) 11 (3.97)
Race ethnicity <.0001**
Non-Hispanic white 3716 (71.60) 3644 (74.17) 30 (10.83)
Non-Hispanic Black 325 (6.26) 255 (5.19) 76 (27.44)
Hispanic 684 (13.18) 608 (12.38) 70 (25.27)
Asian 242 (4.66) 212 (4.32) 72 (25.99)
Other @ 223 (4.30) 194 (3.95) 29 (10.47)
Prepregnancy BMI (kg/m2) <.0001**
<18.5 (Underweight) 105 (2.05) 95 (1.96) 10 (3.62)
18.5-<25 (Normal weight) 2859 (55.71) 2742 (56.47) 117 (42.39)
25-<30 (Overweight) 1267 (24.69) 1191 (24.53) 76 (27.54)
30-<35 (Obese) 526 (10.25) 485 (9.99) 41 (14.86)
35 or higher (Morbidly obese) 375 (7.31) 343 (7.06) 32 (11.59)
Educational level 0.1278
Less than high school graduate 181 (3.49) 169 (3.44) 12 (4.33)
High school graduated or GED 370 (7.13) 346 (7.04) 24 (8.66)
Associate/Tech degree 471 (9.08) 451 (9.18) 20 (7.22)
Some college 825 (115.90) 772 (15.71) 53 (19.13)
College degree 1787 (34.43) 1709 (34.79) 78 (28.16)
Degree beyond college 1556 (29.98) 1466 (29.84) 90 (32.49)

2 Other racial ethnicity groups include: American Indian, Native Hawaiian, Multiracial, and other

® Participants may select more than one insurance type, the sum of the overall number of all insurance

types may exceed the sample size
*p<0.05; **p<0.01
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Table 19. Aim 3 Demographic Characteristics of the Study Sample- Overall and by the Experiences of Racial

Discrimination (cont.)

<3 situations

3+ situations

Overall (n=5190) di Of. ra_cial_ . Of. ra_cial_
iscrimination  discrimination
(n=4913) (n=277)
Variables n (%) n (%) n (%) p-value
Gravidity <.0001**
1 3985 (76.78) 3804 (77.43) 181 (65.34)
2 939 (18.09) 872 (17.75) 67 (24.19)
3 or more 266 (5.13) 237 (4.82) 29 (10.47)
Ever used tobacco 0.0005**
Yes 2161 (41.64) 2018 (41.07) 143 (51.62)
No 3029 (58.36) 2895 (58.93) 134 (48.38)
Smoked tobacco within 3 months prior to pregnancy 0.0031**
Yes 720 (13.88) 665 (13.54) 55 (19.86)
No 4469 (86.12) 4247 (86.46) 222 (80.14)
Insurance type (can be more than one) °
Governmental 867 (163.78) 796 (16.28) 71 (25.63) <.0001**
Military 40 (0.77) 36 (0.74) 4 (1.44) 0.1911
Commercial 4141 (80.16) 3953 (80.85) 188 (67.87)  <.0001**
Personal 1085 (21.00) 1014 (20.74) 71 (25.63) 0.0519
Other 59 (1.14) 55 (1.12) 4 (1.44) 0.6268
Percentage of federal poverty level (%) <.0001**
<100 393 (8.58) 355 (8.18) 38 (15.97)
100-200 564 (12.32) 532 (12.26) 32 (13.45)
>200 3622 (79.10) 3454 (79.57) 168 (70.59)

aOther racial ethnicity groups include: American Indian, Native Hawaiian, Multiracial, and other
b Participants may select more than one insurance type, the sum of the overall number of all insurance types may

exceed the sample size
*p<0.05; **p<0.01
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Table 20. Aim 3 Descriptive Statistics of the Experiences of Racial Discrimination by Racial Groups

Non-Hispanic

Non-Hispanic

Nu_mber of_sit_uati_ons experiencing white Black Hispanic Asian Other
racial discrimination, n (%) (n=3716) (n=325) (n=684) (n=242) (n=223)
0 3251 (87.49) 179 (55.08) 443 (64.77) 127 (52.48) 138 (61.88)
1 289 (7.78) 39 (12.00) 109 (15.94) 46 (19.01) 39 (17.49)
2 104 (2.80) 37 (11.38) 56 (8.19) 39 (16.12) 17 (7.62)
3 44 (1.18) 30 (9.23) 32 (4.68) 18 (7.44) 17 (7.62)
4 17 (0.46) 21 (6.46) 25 (3.65) 9(3.72) 6 (2.69)
5 7 (0.19) 9 (2.77) 12 (1.75) 2 (0.83) 1 (0.45)
6 0 (0.00) 5(1.54) 7 (1.02) 1(0.41) 3(1.35)
7 1(0.03) 4 (1.23) 0 (0.00) 0 (0.00) 1(0.45)
8 0 (0.00) 1(0.31) 0 (0.00) 0 (0.00) 1 (0.45)
9 3(0.08) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)
Less than 3 domains 3644 (98.06) 255 (78.46) 608 (88.89) 212 (87.60) 194 (87.00)
3 or more domains 72 (1.94) 70 (21.54) 76 (11.11) 30 (12.40) 29 (13.00)
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Table 21. Aim 3 Sleep Health in Early and Mid-pregnancy

Sleep dimensions Early pregnancy Mid-pregnancy
Uncategorized sleep dimensions Mean + SD Mean + SD
Duration (hr) 8.03+1.05 7.87+1.08
Epworth Sleepiness Scale (ESS) Score 7.61+3.93 6.42+3.88
Wake after sleep onset (WASO, min) 19.45+18.98 23.59+20.19
Midpoint sleep (a.m.) 2 3:09 (1:13) 3:07 (1:14)
Weekend-weekday difference in bedtime (hr) 0.82+0.66 0.73+0.65
Weekend-weekday difference in waketime (hr) 1.63+1.15 1.50+1.08
Weekend-weekday difference in midpoint sleep (hr) 1.20+0.76 1.09£0.73
Categorized by specified cutoffs ? n (%) n (%)
Good sleep satisfaction, n (%) 2249 (43.33) 1962 (37.80)
Sufficient duration, n (%) 3656 (70.44) 3590 (69.17)
No excessive daytime sleepiness, n (%) 3654 (70.40) 4115 (79.29)
Good sleep continuity, n (%) 4500 (86.71) 4244 (81.77)
Appropriate sleep timing , n (%) 3783 (72.89) 3769 (72.62)
Regular bedtime, n (%) 4703 (90.62) 4788 (92.25)
Regular waketime, n (%) 2982 (57.46) 3238 (62.39)
Regular midpoint, n (%) 4261 (82.10) 4447 (85.68)
Composite sleep health score, Mean + SD 5.31+0.56 5.28+0.58

2 Midpoint is presented in median with interquartile range

b Satisfied sleep was defined as individuals rated "good" or "very good" sleep within the last 4 weeks; good sleep
duration was weekly sleep duration 7-9 hours for adults aged 18 or more and 8-10 hours for adolescents; no excessive
daytime sleepiness was ESS score <10; Good sleep continuity was WASO less than 40 minutes; Good sleep timing was
midpoint sleep between 2-4 a.m.; Regular bedtime, waketime, and midpoint sleep were weekend-weekday differences
less than 2 hours in bedtime, waketime, and midpoint sleep
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Table 22. Bivariable Estimates of the Association Between the Experiences of Racial Discrimination and Multidimensional Sleep Health- Overall

Sample
Early pregnancy sleep health Mid-pregnancy sleep health
3+ situa‘gions of <3 situations of 3+ situa’gions of <3 situa’gions of
racial T racial racial
Sleep dimensions discrimination racial discrimination discrimination discrimination
Uncategorized sleep dimensions N Mean+SD n Mean+ SD  p-value N Mean+ SD n Mean+ SD  p-value
Duration (hr) 436 7.81+149 6871  8.03+1.31 0.0024** 456 7.62+1.50 7090 7.89+1.35  0.0002**
Epworth Sleepiness Scale (ESS) Score 464 8.66+4.10 7110  7.73+4.06 <.0001** 486 7.40+4.34 7486 6.54+4.04 <.0001**
Wake after sleep onset (WASO, min) 508 24.75+£32.22 7713 20.68+26.00 0.0055** 508 28.18+30.72 7713 26.06+29.83 0.1223
Midpoint sleep (a.m.) @ 508 3:38(1:36) 7713  3:13(1:25) <.0001** 456 3:34(1:41) 7090 3:13(1:27) <.0001**
Weekend-weekday difference in bedtime (hr) 384 1.08+1.32 6302 1.00+1.34 0.2779 396 0.97+1.37 6401 0.88+1.30 0.1945
Weekend-weekday difference in waketime (hr) 383 1.65+1.40 6306  1.74+1.42 0.2603 397 156+1.44 6398 1.59+1.38 0.6825
Weekend-weekday difference in midpoint sleep (hr) 382  1.32+1.15 6286  1.34+1.23 0.7338 396 1.20+1.27 6377 1.20+1.20 0.9841
Categorized by specified cutoffs n n (%) n n (%) p-value  n n (%) n n (%) p-value
Good sleep satisfaction, n (%) 465 152 (32.69) 7154 2891 (40.41) 0.0010** 487 155(31.83) 7493 2698 (36.01) 0.0622
Sufficient duration, n (%) 436 251 (57.57) 6871 4460 (64.91) 0.0019** 456 251 (55.04) 7090 4517 (63.71) 0.0002**
No excessive daytime sleepiness, n (%) 464 271 (58.41) 77110 4918 (69.17) <.0001** 486 339 (69.75) 7486 5846 (78.09) <.0001**
Efficient sleep, n (%) 508 417 (82.09) 7713 6586 (85.39) 0.0425* 508 397 (78.15) 7713 6171(80.01) 0.3115
Appropriate sleep timing, n (%) 436 250 (57.34) 6871 4632 (67.41) <.0001** 456 258 (56.58) 7090 4702 (66.32) <.0001**
Regular bedtime, n (%) 384 311(80.99) 6302 5514 (87.50) 0.0002** 396 330(83.33) 6401 5742 (89.70) <.0001**
Regular waketime, n (%) 383 229(59.79) 6306 3542 (56.17) 0.1651 397 245(61.71) 6398 3946 (61.63) 0.9733
Regular midpoint, n (%) 382 294 (76.96) 6286 5008 (79.67) 0.2033 396 313(79.04) 6377 5340 (83.74) 0.0146*
Composite sleep health score, Mean + SD 277 5.20+0.59 4913  5.32+0.55 0.0005** 277 5.17+0.62 4913 5.29+0.57  0.0012**

2 Midpoint is presented in median with interquartile range. We performed Wilcoxon sign-ranked tests to compare midpoint sleep between individuals with 3+ or <3
situations of racial discrimination experiences

b Satisfied sleep was defined as individuals rated "good" or "very good" sleep within the last 4 weeks; good sleep duration was weekly sleep duration 7-9 hours for
adults aged 18 or more and 8-10 hours for adolescents; no excessive daytime sleepiness was ESS score <10; Good sleep continuity was WASO less than 40 minutes;
Good sleep timing was midpoint sleep between 2-4 a.m.; Regular bedtime, waketime, and midpoint sleep were weekend-weekday differences less than 2 hours in
bedtime, waketime, and midpoint sleep

*p<0.05; **p<0.01
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Table 23. Adjusted Coefficient Estimates in the Associations Between Racial Discrimination Experiences and Sleep Health in Pregnancy- Overall

Sample
Early pregnancy
Duration 2 Day_tlme WASO @ Midpoint sleep ® Bedtlme i Waketl.mea Mldpo.mta Composite sleaep
sleepiness @ regularity regularity regularity health score
Adjusted B° -0.11 0.19 2.73 18.42 0.09 -0.02 0.02 -0.20
SE 0.06 0.05 1.40 6.60 0.08 0.08 0.07 0.06
p-value 0.0847 0.0002** 0.0503 0.0053** 0.2290 0.8170 0.7972 0.0023**
Mid-pregnancy
Duration @ Day_tlme WASO 2 Midpoint sleep * Bedtlr_ne ) Watketl_mea Mldpo_mta Composite sleaep
sleepiness 2 regularity regularity regularity health score
Adjusted pB° -0.22 0.18 0.89 27.67 0.17 0.02 0.07 -0.18
SE 0.07 0.05 1.53 6.33 0.08 0.08 0.07 0.07
p-value 0.0010** 0.0010** 0.5592 <.0001* 0.0266* 0.7979 0.3005 0.0077*

2 Sleep duration is in hour; Daytime sleepiness is the standardized ESS score centering from sample mean; Wake after sleep onset (WASO) is the amount of
time awake between sleep time and waketime, WASO is presented in minutes; Bedtime, waketime, midpoint regularity are calculated by weekend-weekday
differences in hour in bedtime, waketime, and midpoint sleep; composite sleep health score is the standardized composite sleep health score centering from
sample mean

b Adjusted for: maternal age, educational level, percentage of federal poverty level, and social support score.
*p<0.05; **p<0.01
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Table 24. Adjusted Odds Ratios in the Associations Between Racial Discrimination Experiences and Sleep Dimensions Categorized by Specified Cutoffs

in Pregnancy- Overall Sample

Early pregnancy
Satisfied  Sufficientsleep No excessive daytime  Goodsleep  Good sleep Regular Regular Regular midpoint
sleep @ duration @ sleepiness @ continuity @ timing 2 bedtime 2 waketime ? sleep @
3+ situations 0.87 0.81 0.67 0.85 0.67 0.56 1.15 0.83
Odds ratios
95% ClI (0.75,1.01)  (0.65, 1.02) (0.54,0.83) (0.65,1.12)  (0.53,0.85)  (0.41, 0.75) (0.91, 1.45) (0.63, 1.09)
Mid-pregnancy
Satisfied ~ Sufficient sleep  No excessive daytime  Good sleep  Good sleep Regular Regular Regular midpoint
sleep @ duration @ sleepiness @ continuity @ timing 2 bedtime 2 waketime ? sleep @
3+ situations 0.89 0.71 0.70 0.97 0.67 0.53 1.01 0.71
Odds ratios
95% ClI (0.76,1.04)  (0.57,0.89) (0.55, 0.89) (0.75,1.25)  (0.53,0.85)  (0.38,0.74) (0.79, 1.28) (0.53, 0.95)

a Satisfied sleep was defined as individuals rated "good" or "very good" sleep within the last 4 weeks; good sleep duration was weekly sleep duration 7-9 hours
for adults aged 18 or more and 8-10 hours for adolescents; no excessive daytime sleepiness was ESS score <10; Good sleep continuity was WASO less than 40
minutes; Good sleep timing was midpoint sleep between 2-4 a.m.; Regular bedtime, waketime, and midpoint sleep were weekend-weekday differences less than

2 hours in bedtime, waketime, and midpoint sleep
® Adjusted for: maternal age, educational level, percentage of federal poverty level, and social support score.

*p<0.05; **p<0.01
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Table 25. Bivariable Estimates of the Association Between the Experiences of Racial Discrimination and Multidimensional Sleep Health- Non-Hispanic

Black, Hispanics, Asians, and Other Races (American Indian, Native Hawaiian, Multiracial)

Early pregnancy sleep health Mid-pregnancy sleep health
3+ situations of <3 situations of 3+ situations of <3 situations of
racial racial racial racial
Sleep dimensions discrimination discrimination discrimination discrimination
Uncategorized sleep dimensions n  Mean+ SD n Mean+SD  p-value N Mean+SD n Mean + SD  p-value
Duration (hr) 334 7.76+153 2123 8.20+1.64 <.0001** 355 7.56+1.58 2251 8.08+1.66 <.0001**
Epworth Sleepiness Scale (ESS) Score 358 8.85+4.08 2288 7.92+4.38  0.0002** 383 7.49+4.33 2520 6.77+4.38  0.0027**
Wake after sleep onset (WASO, min) 401 22.88+30.45 2605 17.86+26.11 0.0005** 401 27.46+30.89 2605 22.22+31.31 0.0018**
Midpoint sleep (a.m.) ® 334 3:43(1:32) 2123 3:38(1:50) 09132 355 3:41(1:41) 2251 3:41(1:50) 0.7124
Weekend-weekday difference in bedtime (hr) 292 1.06+1.18 1811 1.02+1.43 05915 303 0.97+1.24 1875 0.91+1.29 0.4900
Weekend-weekday difference in waketime (hr) 291 1.61+1.34 1812 1.69+1.58 0.3635 304 1.58+1.41 1873 1.55+1.49 0.7076
Weekend-weekday difference in midpoint sleep (hr) 290  1.28+1.01 1803  1.32+1.33 05793 303 1.20+1.18 1865 1.16+1.22 0.6184
Categorized by specified cutoffs P n n (%) n n (%) p-value n n (%) n n (%) p-value
Good sleep satisfaction, n (%) 359 121(33.70) 2299 945 (41.10) 0.0078** 382 126(32.98) 2521 999 (39.63) 0.0130*
Sufficient duration, n (%) 334 191(57.19) 2123 1132(53.32) 0.1878 355 188(52.96) 2251 1240 (55.09) 0.4538
No excessive daytime sleepiness, n (%) 358 201 (56.15) 2288 1541 (67.35) <.0001** 383 263 (68.67) 2520 1888 (74.92) 0.0093**
Efficient sleep, n (%) 401 339(84.54) 2605 2303(88.41) 0.0271* 401 318(79.30) 2605 2207 (84.72) 0.0059**
Appropriate sleep timing , n (%) 334 192 (57.49) 2123 1142(53.79) 0.2079 355 196 (55.21) 2251 1210(53.75) 0.6086
Regular bedtime, n (%) 292 236(80.82) 1811 1511(83.43) 0.2693 303 251(82.84) 1875 1606 (85.65) 0.1996
Regular waketime, n (%) 291 177 (60.82) 1812 1048(57.84) 0.3373 304 184 (60.53) 1873 1157 (61.77) 0.6786
Regular midpoint, n (%) 290 223(76.90) 1803 1411(78.26) 0.6029 303 238(78.55) 1865 1518(81.39) 0.2415
Composite sleep health score, Mean + SD 205 5.19+0.59 1269 5.30+0.58 0.0099** 205 5.15+0.64 1269 5.31+0.57  0.0010**

2 Midpoint is presented in median with interquartile range. We performed Wilcoxon sign-ranked tests to compare midpoint sleep between individuals with 3+ or <3
situations of racial discrimination experiences

b Satisfied sleep was defined as individuals rated "good" or "very good" sleep within the last 4 weeks; good sleep duration was weekly sleep duration 7-9 hours for
adults aged 18 or more and 8-10 hours for adolescents; no excessive daytime sleepiness was ESS score <10; Good sleep continuity was WASO less than 40
minutes; Good sleep timing was midpoint sleep between 2-4 a.m.; Regular bedtime, waketime, and midpoint sleep were weekend-weekday differences less than 2
hours in bedtime, waketime, and midpoint sleep

*p<0.05; **p<0.01
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Table 26. Adjusted Coefficient Estimates in the Associations Between Racial Discrimination Experiences and Sleep Health in Pregnancy- Non-Hispanic

Black, Hispanics, Asians, and Other Races (American Indian, Native Hawaiian, Multiracial)

Cross-sectional- Early pregnancy

. Daytime S Bedtime Waketime Midpoint ~ Composite sleep
a a a
Duration sleepiness ® WASO Midpoint sleep regularity 2 regularity®  regularity ® health score?
Adjusted p -0.20 0.23 3.49 2.35 0.05 -0.05 -0.02 -0.26
SE 0.10 0.06 1.72 8.56 0.10 0.11 0.09 0.08
p-value 0.0381* 0.0003** 0.0422* 0.7835 0.5918 0.6219 0.8020 0.0012**
Cross-sectional- Mid-pregnancy
. Daytime L Bedtime Waketime Midpoint ~ Composite sleep
a a a
Duration sleepiness ? WASO Midpoint sleep regularity @ regularity®  regularity ? health score?
Adjusted B 031 0.18 3.22 19.99 0.14 0.05 0.07 -0.31
SE 0.10 0.06 1.85 8.33 0.10 0.11 0.09 0.08
p-value 0.0014** 0.0048** 0.0821 0.0164* 0.1700 0.6326 0.4215 0.0002**

2 Sleep duration is in hour; Daytime sleepiness is the standardized ESS score centering from sample mean; Wake after sleep onset (WASO) is the
amount of time awake between sleep time and waketime, WASO is presented in minutes; Bedtime, waketime, midpoint regularity are calculated by
weekend-weekday differences in hour in bedtime, waketime, and midpoint sleep; composite sleep health score is the standardized composite sleep
health score centering from sample mean
® Adjusted for: maternal age, educational level, percentage of federal poverty level, and social support score.

*p<0.05; **p<0.01
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Table 27. Adjusted Odds Ratios in the Associations Between Racial Discrimination Experiences and Sleep Dimensions Categorized by Specified Cutoffs

in Pregnancy- Non-Hispanic Black, Hispanics, Asians, and Other Races (American Indian, Native Hawaiian, Multiracial)

Early pregnancy
Satisfied sleep ® Sufficier_wt sleep No excessi_ve Gooq sl_eep Go_od_ sleep Reg_ular RegL_JIar Regular midpoint
duration ® daytime sleepiness continuity 2 timing ® bedtime 2 waketime ® sleep 2
3+ situations 0.83 1.03 0.60 0.82 0.92 0.68 1.23 0.81
Odds ratios
95% ClI (0.69, 0.98) (0.76, 1.32) (0.46, 0.78) (0.58,1.16) (0.70, 1.22) (0.47,0.99) (0.92, 1.63) (0.58, 1.13)
Mid-pregnancy
Satisfied sleep ® Sufficier_wt sleep No excessi_ve Gooq sl_eep Go_od_ sleep Regular Regglar Regular midpoint
duration @ daytime sleepiness 2  continuity 2 timing @ bedtime 2 waketime 2 sleep @
3+ situations 0.80 0.76 0.69 0.84 0.84 0.69 0.99 0.78

Odds ratios °
95% ClI (0.66, 0.97) (0.58, 1.00) (0.52, 0.93) (0.61,1.15) (0.63,1.11)  (0.46,1.03)  (0.74,1.32) (0.55,1.12)

a Satisfied sleep was defined as individuals rated “"good™ or "very good" sleep within the last 4 weeks; good sleep duration was weekly sleep duration 7-9 hours
for adults aged 18 or more and 8-10 hours for adolescents; no excessive daytime sleepiness was ESS score <10; Good sleep continuity was WASO less than 40
minutes; Good sleep timing was midpoint sleep between 2-4 a.m.; Regular bedtime, waketime, and midpoint sleep were weekend-weekday differences less than
2 hours in bedtime, waketime, and midpoint sleep

® Adjusted for: maternal age, educational level, percentage of federal poverty level, and social support score.

*p<0.05; **p<0.01

172



9.0 Discussion

This section summarizes the study objectives and discusses the findings from three aims.
First, we discussed the sleep characteristics of individual sleep dimensions and multidimensional
sleep health during pregnancy. Second, we expanded our discussion to the findings on individual
and psychosocial factors associated with sleep health during pregnancy. We compared our results
to previous studies describing sleep health and identifying factors associated with poor sleep health
during pregnancy. We also listed the strengths and limitations of our research. Finally, based on
the discussion, we discussed public health implications and future research direction on describing

and improving sleep health during pregnancy.

9.1 Summary of Research Objectives

Sleep health is fundamental for one's health and well-being. Specifically, since there are
drastic physical and hormonal changes during pregnancy, declined sleep health is common among
pregnant people. While sleep health has been defined as a multidimensional behavior, and prior
studies had observed other sleep dimension such as late sleep timing associated with adverse
obstetric outcomes, it is important to expand the view of multidimensional sleep health among
pregnant people. Characterizing multiple sleep dimensions individually and the multidimensional
sleep health provide fundamental knowledge on sleep health in pregnancy. We described sleep
health in individual dimensions and multidimensional sleep health during pregnancy in the first

aim. We characterized multiple sleep dimensions during early and mid-pregnancy, including sleep
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satisfaction, duration, daytime sleepiness, continuity, timing, regularity in bedtime, waketime, and
midpoint sleep. We created a composite sleep health score by quantifying the distance from
specified cutoffs for each sleep dimension and sum for a composite sleep health score. We further
described sleep by maternal age groups and race ethnicity to characterize sleep health within each
subcategory.

Since poor sleep health affects pregnant people's health and well-being, researchers have
been identifying risk factors associated with poor sleep health in pregnancy. Understanding these
factors will support evidence for considering these factors for sleep health improvement and
further reduces the risks of adverse maternal health outcomes attributed to poor sleep health in
pregnancy. In the second and third aim, our goal was to identify mental health and psychosocial
factors associated with poor sleep health during pregnancy.

Prior studies have observed a close relationship between depression and poor sleep.
Prenatal depression is a depressive episode that occurs explicitly in pregnancy. With previous
studies supporting the association between mental health in sleep health, it is worth considering
prenatal depression as a potential factor of poor sleep health in pregnancy. The management of
prenatal health could potentially improve sleep health in pregnancy. The second aim examined the
relationship between prenatal depression and sleep health in pregnancy. We assessed the cross-
sectional associations in early and mid-pregnancy and the longitudinal association between
prenatal depression in early pregnancy and sleep health in mid-pregnancy.

Racial disparities in sleep health have been characterized in previous studies where non-
white races are more likely to experience poor sleep health than whites. However, based on
previous findings, racial differences no longer existed once controlled for racial discrimination and

racism-related factors. These racial disparities are more likely a social factor that induces stressors
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from one's experiences in racial discrimination and negatively affect sleep health. Furthermore,
racial discrimination experiences are chronic stressors that lead to neurological and hormonal
responses to stress that manifest individual health. In the third aim, we identified whether lifetime
racial discrimination experiences were psychosocial stressors that increased poorer sleep health in
early and mid-pregnancy. We further investigated non-white races specifically in the association
between racial discrimination experiences and sleep health in pregnancy.

In the next section, we will summarize the findings from each aim and discuss our findings

with the comparison of prior studies.

9.2 Summary of Research Findings

There are changes in individual sleep dimensions from early to mid-pregnancy

There are changes in specific sleep dimensions between two timepoints. Specifically, we
found declined sleep health in dimensions such as satisfaction, duration, and continuity (i.e.,
increased WASO). The findings on these sleep dimensions aligned with prior studies describing
sleep health during pregnancy. For example, a cross-sectional study collected sleep data from
2,427 women across all gestational ages through an online survey has found that pregnant people
in their 8 months of pregnancy had 0.7 hours shorter sleep than participants at 2 months pregnancy.
Furthermore, the duration of waking at night also increased by 19.7 minutes from 2 to 8 months
of pregnancy (Mindell et al., 2015). Similar results were found in a longitudinal study from Finland
that described sleep health throughout pregnancy. Among all 325 women who reported sleep at all

timepoints, sleep duration decreased by 0.3 hours from the first to second trimester (First trimester:
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8.7 hours, Second trimester: 8.4 hours). The percentage of pregnant people reported restless sleep
increased from 15.4% in the first trimester to 20.3% in the second trimester.

The findings on sleep timing and regularity during pregnancy are limited. The study results
showed that 90% of pregnant people maintain regular bedtime while only 60% could maintain
regular waketime during pregnancy. Specifically, weekend waketimes were later than weekdays
at early and mid-pregnancy. It is likely that individuals have later waketime during non-workdays
to reach sufficient sleep (i.e., social jetlag) (Wittmann et al., 2006).

The differences in composite sleep health scores were small between early and mid-pregnancy

Although the composite sleep health score in the overall sample showed a statistically
significant decrease from early to mid-pregnancy, the differences in the composite sleep health
score were small. Specifically, the composite sleep health score decline is less than 0.1 points. The
overall sleep health likely deteriorates starting in early pregnancy and with the dynamic changes
throughout pregnancy. Lee's review on the alteration of sleep during pregnancy indicated poor
sleepiness in early pregnancy was likely due to morning sickness and hormonal changes. Enlarged
uterus in later pregnancy limited sleep position and frequent urination that caused increases in
awakenings and shorter sleep duration in late pregnancy (Lee, 1998). Our results reflect Lee's
finding where we observed small differences in overall sleep health but there were improvements
in less daytime sleepiness and declines in sleep satisfaction, duration, and sleep continuity from
early pregnancy to mid-pregnancy.

The younger maternal age group had better sleep satisfaction and duration but more sleepiness,

later sleep timing, and more irreqular sleep than other age groups

Based on our findings, the youngest age group (i.e., age 13 to 17) showed better sleep

satisfaction and longer duration than other age groups (i.e., 18-24 and 25+ years). Specifically,
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pregnant people aged 13-17 had increases in the percentages of satisfying sleep and average
duration as the pregnancy progressed. Prior studies have identified advanced maternal age as a
potential risk factor for poor sleep health in pregnancy. For example, Sedov et al.'s meta-analysis
on sleep quality during pregnancy reported that older samples had a higher prevalence of poor
sleep quality (Sedov et al., 2018). A longitudinal study from Finland collected self-reported sleep
data from 325 pregnant people has found that women over 30 years of age were more likely to
report decreased sleep duration throughout pregnancy (Hedman et al., 2002). Our findings aligned
with previous findings on the association between advanced age and poor sleep quality and short
sleep duration in pregnancy.

However, we also observed that pregnant people aged 13-17 years experienced more
sleepiness, later sleep timing, and irregular sleep than other age groups. Though we did not see
much information on sleep health among teenage pregnancies, prior studies have observed that
longer screen time before bedtime and hormonal differences between adolescents and adults are
potential factors for more sleepiness and irregular sleep among adolescents (Carskadon et al.,
1997; Carskadon et al., 1999).

In contrast with prior findings, non-Hispanic whites in our sample performed worse sleep health

When we characterized sleep health by racial groups, we found non-Hispanic whites in our
sample had the largest decline in the proportion of good sleep satisfaction, and the largest increase
in WASO among all racial groups from early to mid-pregnancy. Previous studies generally found
poorer sleep quality and duration among non-Hispanic Black people than white people. For
example, a longitudinal study with a biracial sample of 133 pregnant people has found poorer sleep
quality (i.e., PSQI score) among Black women compared to white women (Christian et al., 2019).

Another nationally representative sample in the U.S. with 2,349 pregnant people has found a higher
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prevalence of self-reported short sleep duration among non-Hispanic Black participants than
whites (Feinstein et al., 2020) Such differences in the results may be related to the different sample
characteristics and measurements of sleep health. Our assessment of sleep satisfaction was not the
same as sleep quality assessed through PSQI. Our sample was also limited to nulliparous women
with better education and income levels.

Furthermore, while previous findings have identified racial differences in sleep health, the
differences were attenuated after controlling for racism-related factors (Hicken et al., 2013). Racial
disparities in sleep health are not merely racial differences. Specifically, racial discrimination may
be an underlying factor for poor sleep health (Hicken et al., 2013; William & Mohammed, 2009).
These findings lead us to explore racial discrimination experiences as potential factors of poor
sleep health in pregnancy.

There is a close pathological association between depression and sleep during pregnancy

Sleep deficiency both increase inflammation responses and neurotransmitters level (Irwin
& Cole, 2011; Irwin et al., 2018). Previous studies have found the increase in cellular inflammation
is common among patients with depression and more often in females (Gimeno et al., 2009; Miller
et al., 2009). Abnormal REM sleep circles and depression share the same type of monoamine
neurotransmitters (Irwin et al., 2018) Patients with depression are more likely to experience
reduced REM sleep and disturbed sleep (low sleep continuity) (Steiger & Pawlowski, 2019).

Deficient sleep is also a major symptom among people with depression. Common
symptoms include difficulties in initiating or maintaining sleep due to the stress and depressive
moods (Hamilton, 1989; Yates et al., 2007). These findings support our study targeting pregnant

people who are already at a higher inflammatory state (i.e, C-reactive protein and interleukin-6)
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(Carroll et al., 2019). Our results aligned with the theory and examined the relationship between
prenatal depression and poor sleep health in pregnancy.

There are cross-sectional and longitudinal associations between prenatal depression and some but

not all sleep dimensions

Our study findings from aim 2 supported that prenatal depression is associated with poor
sleep health in some sleep dimensions. Specifically, we found individuals with prenatal depression
were less likely to have a satisfying sleep and sufficient sleep duration. The associations exist
cross-sectionally and longitudinally in early and mid-pregnancy. Previous findings suggested that
there are effects of depression on sleep health (Field et al., 2007; Swanson et al., 2011; Yu et al.,
2017). However, the results were mainly based on non-pregnant populations. A prospective
populational study with 24,715 adults has seen a nearly 7-fold increase in risks of developing
insomnia (measured as the inability to get back to sleep after nighttime awakenings) among
depressed individuals (OR=6.7, 95%CI; 5.46-8.26) (Sivertsen et al., 2012). Another Chinese
sample of 10704 adults aged 45 and older has found that depressed individuals are more likely to
experience short sleep duration than non-depressed individuals (RR=1.20, 95%Cl: 1.02-1.43) (Sun

et al., 2018). Our findings on pregnant sleep health aligned with these findings.

Large sleep timing and weekend-weekday differences in sleep are more prevalent in pregnant

people with probable prenatal depression, but the results were only found in early pregnancy and

no longer exist after dichotomizing sleep reqularity

For some less observed sleep dimensions, such as sleep timing and regularity, we observed
later sleep timing and larger weekend-weekday differences in waketime and midpoint sleep during
early pregnancy among pregnant people with EPDS >10. However, we did not see the differences

after dichotomizing weekend-weekday differences in bedtime, waketime, and midpoint sleep by
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specified cutoffs, either cross-sectionally or longitudinally. The discrepancies in results before and
after dichotomizing by specified cutoffs suggest the need to consider the most appropriate
assessment of sleep regularity in pregnancy.

Prenatal depression was associated with a lower composite sleep health score in early and mid-

pregnancy

There were cross-sectional and longitudinal associations between prenatal depression and
composite sleep health scores. However, the differences of the sleep health score were small, from
0.26 points in early pregnancy to 0.31 points in mid-pregnancy. Based on previous findings, there
is no information on clinically meaningful differences in multidimensional sleep health in
pregnancy. Our results support the statistically significant differences in composite sleep health
scores, but more studies are needed to investigate the clinical meaningfulness of differences in
multidimensional sleep health in pregnancy.

Racial discrimination is a stressor that explains the intergroup differences in sleep health

Racial discrimination is a chronic stressor. A chronic stressor may affect endocrine
response and physiological changes and physiological adapt to the stress and decrease in arousal
during the stress. Stress may lead to organism to tissue damage and impact health (Burchfield,
1979) There is a linkage between neurological and hormonal responses to stress that manifest
individual health (Ganzel et al., 2010) The effects of stress have also been linked to preservative
cognition, leading to worriedness and associated with physiological activation (Brosschot et al.,
2005) Such stress-related thoughts and worriedness may also magnify sleep health (Hicken et al.,
2013).

Racial discrimination experiences are associated with lower sleep satisfaction, more sleepiness,

and later sleep timing
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Our findings support that racial discrimination experiences as a significant factor
contributing to poor sleep health in pregnancy under some specific dimensions (satisfaction,
daytime sleepiness, sleep timing). Our findings aligned with a previous study targeting both
pregnant and non-pregnant populations. For example, previous studies have examined the effects
of racial discrimination on sleep health among Hispanics and African American college students
(Gordon et al., 2020; Hoggard & Hill, 2018). Similar findings from a study targeting pregnant
populations. A study of 640 pregnant people on the cross-sectional association between the
experiences of racial discrimination and pregnancy sleep health. Pregnant people with everyday
experiences of discrimination were more likely to experience poor sleep quality than those with
low exposure to racial discrimination (Francis et al., 2017). These results reflect findings from
previous studies that stated that racial discrimination experiences are chronic psychosocial
stressors that contribute to health disparities (Brondolo et al., 2011).

Pregnant people with higher exposure to racial discrimination performed lower composite sleep

health score than those experiencing less racial discrimination

We explored specified cutoffs in the association between racial discrimination and sleep
health, but based on our sample, the cutoff was not feasible (cutoff at 0). Therefore, we utilized a
cutoff at 3 situations or more as high exposure to racial discrimination based on previous validity
study for the scale and studies that apply racial discrimination data from the same parent study
(Grobman et al., 2016; Kreiger, 2005). Based on our findings, pregnant people with 3 or more
racial discrimination experiences had lower composite sleep health scores than those who had less
than 3 situations of racial discrimination in mid-pregnancy among overall sample. When we
limited to only non-white samples, there are statistically significant associations between racial

discrimination experiences and composite sleep health scores in both early and mid-pregnancy.
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Even though we observed statistically significant differences in composite sleep health scores by
the exposure of racial discrimination experiences, the differences were by 0.09 to 0.17 points. The
differences were small, and we do not know whether these differences were clinically meaningful.
Our findings suggest that there are potentials to observe the differences by overall sleep health,
but more findings on appropriate measurements for all sleep dimensions and explore clinical
meaningfulness for individual and overall sleep health changes are warranted to better assess

multidimensional sleep health in pregnancy.

9.3 Strengths and Limitations

There are some strengths to our studies. First, this is the first study that describes sleep
health in pregnancy with multiple dimensions and composite scoring. While sleep quality and
duration have been widely examined in understanding sleep pattern in pregnancy, we characterized
sleep through other domains that prior findings had less information on, such as sleep timing and
regularity. Second, we created a composite sleep health score to assess multidimensional sleep
health. The score calculation was based on the distance from specified cutoffs for each dimension.
Although the scoring requires more information on selecting the best cutoffs for pregnant samples
and further validity testing, we can quantify and describe multidimensional sleep health in
pregnancy. Third, we used the concept of multidimensional sleep health as the outcome to identify
factors for poor sleep health in pregnancy. Our findings supported the importance of mental health
(prenatal depression) and psychosocial stressors (racial discrimination experiences) in sleep health
improvement during pregnancy. The successful improvement of sleep health may further reduce

the adverse maternal health outcomes attributed to poor sleep health during pregnancy.
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There are also some limitations to our study. First, our study is based on data from an
observational study. We acknowledged that there are residual confounders (e.g., neighborhood
factors) that we were unable to capture and adjust for these factors in the assessment of associations
between prenatal depression/racial discrimination experiences and sleep health. Since this is a
secondary analysis, we only have sleep data in early and mid-pregnancy. There was no data on
sleep health for prepregnancy or late pregnancy. Therefore, while previous studies indicated sleep
deteriorates in late pregnancy with significant body discomfort, we cannot capture sleep health in
later pregnancy (Hedman et al., 2002; Hutchison et al., 2012). However, we still have a
longitudinal assessment of sleep to indicate the changes from early to mid-pregnancy and
understand how each sleep dimension differs between the first and second trimesters. Based on
data availability, the experiences of racial discrimination were only measured through
dichotomized (Yes/No) responses in 9 situations. We did not have information such as frequency
and everyday exposure to racial discrimination. Second, the specified cutoffs for each sleep
dimension that we applied were based on general populations but not specifically on pregnant
populations. More studies on multidimensional sleep health in pregnancy is warranted to observe
clinically meaningful cutoffs for pregnant populations. Third, our data were limited to self-
reported sleep data. While nuMom2b study had a substudy that collected actigraphy data on sleep
health in pregnancy, the substudy has different subsample and it did not overlap the self-reported
assessment. Furthermore, self-reported data offers a better assessment of sleep satisfaction and
sleepiness (Zhang & Zhao, 2007) Future studies may include both subjective and objective
assessment in describing multidimensional sleep health during pregnancy. Fourth, our study

sample was limited to nulliparous pregnancies. We are unable to assess the effects of parity, which
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has been identified as an important factor for poor sleep health in pregnancy (Christian et al., 2019;

Lee et al., 2000).

9.4 Public Health Implications and Future Directions

In this dissertation, we focused on the significant research question of how sleep health
could be improved in pregnancy and the improvement may potentially reduce adverse maternal
health outcomes attributed to poor sleep health in pregnancy. The completion of our three aims
provided the characteristics of individual sleep dimensions and multidimensional sleep health in
pregnancy and identified potential factors that can be further considered in the development of
sleep health intervention. Our findings introduced multidimensional sleep health in characterizing
sleep health during pregnancy. The refinement of the specified cutoffs for good sleep health
targeting pregnant people is needed to better assess individual sleep dimensions and
multidimensional sleep health during pregnancy. Furthermore, the refinement of the composite
sleep health score is also necessary to consider different levels of contributions from each sleep
dimension to the multidimensional sleep health among pregnant people.

Our results from the second aim supported the importance of prenatal depression on sleep
health during pregnancy. There are potential impacts of prenatal depression that manifest some
sleep dimensions and multidimensional sleep health during pregnancy, suggesting that prenatal
mental health management is critical for sleep health improvement during pregnancy. Future
studies should examine the associations under different pregnant population and include

measurement on sleep health during late pregnancy to better understand the association.
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Our findings from the third aim also supported the evidence that the exposure to the
experiences of racial discrimination manifests sleep health during pregnancy. The results
suggested that there are social impacts on sleep health among pregnant people and may explain
poor characteristics of sleep health during pregnancy. Future studies should refine the
measurement of racial discrimination and include other measurement (everyday exposure,
frequency, coping experiences) and under different pregnant populations. With close relationship
between depression and sleep by shared biological pathways and symptoms, future studies should
examine the bidirectional nature of prenatal depression and sleep health in pregnancy to better
understand the influences of mental health and sleep health among pregnancy people.” The
examination of bidirectional relationship between depression and sleep in pregnancy could be
potentially included in the manuscript by applying the structural equation modeling. Future studies
should also further observe the interaction effect between stressor (racial discrimination) and
mental health (prenatal depression) on sleep health during pregnancy. The integration of the effects
of stressors and mental health on sleep health will be beneficial for developing strategies for sleep
health management during pregnancy.

The completion of these aims is fundamental to further incorporating prenatal depression
and racial discrimination experiences into sleep health intervention in pregnancy and potentially
reduces the risks of adverse maternal health outcomes attributed to poor sleep health during
pregnancy. Future studies should further identify the associations under different pregnant
populations, incorporating psychological and social factors in the interventions of sleep health

improvement during pregnancy. (Figure 17)
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Figure 17. Public Health Implications and Future Directions for Sleep Health Improvement in Pregnancy
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10.0 Conclusion

While the composite sleep health scores were consistent from early to mid-pregnancy, there
were changes in specific sleep dimensions. Sleep satisfaction, duration, and continuity declined
while sleep timing was consistent and regularity improved from early to mid-pregnancy. There
were cross-sectional and longitudinal associations between prenatal depression and sleep
satisfaction, duration, sleepiness, sleep timing, and overall multidimensional sleep health. There
were cross-sectional associations between prenatal depression and nighttime awakening in early
and mid-pregnancy, but no longitudinal association was found. There was no association found
between prenatal depression and sleep regularity. Pregnant people's lifetime experiences of racial
discrimination are associated with specific sleep dimensions, including sleep satisfaction, daytime
sleepiness, sleep timing, and overall multidimensional sleep health in pregnancy.

In summary, there are changes in specific sleep dimensions from early to mid-pregnancy.
Prenatal depression and the experiences of racial discrimination may be potential factor of poor
sleep health in pregnancy, suggesting the importance of considering mental health and
psychosocial factors in sleep health improvements in pregnant population. More studies on
refining the assessment of multidimensional sleep health are warranted to better understand
multidimensional sleep pattern in pregnancy and identify potential factor for sleep health

improvement during pregnancy.
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12.0 Appendices

Appendix Table 1. Aim 1 Demographic of Samples with Some Sleep Data and Complete Case Samples

Some sleep data (n=8,799)  Complete case (n=5,717)

Variables Mean = SD Mean = SD p-values ©
Gestational age at enrollment (weeks) 11.55+1.51 11.59+1.49 0.0007
Maternal age at enrollment (years) 27.03+5.60 28.08+5.23 <.0001
Variables N (%) N (%) p-values ©

Race ethnicity <.0001**

Non-Hispanic White 5438 (61.80) 4054 (70.91)

Non-Hispanic Black 1124 (12.77) 394 (6.89)

Hispanic 1443 (16.40) 760 (13.29)

Asian 361 (4.10) 262 (4.58)

Other # 433 (4.92) 247 (4.32)
Prepregnancy BMI categories <.0001**

<18.5 kg/m? (Underweight) 201 (2.32) 114 (2.02)

18.5-<25 kg/m? (Normal weight) 4514 (52.15) 3096 (54.77)

25-<30 kg/m? (Overweight) 2167 (25.03) 1419 (25.10)

30-<35 kg/m? (Obese) 1015 (11.73) 593 (10.49)

35+ kg/m? (Morbidly obese) 759 (8.77) 431 (7.62)
Educational level <.0001**

Less than high school degree 660 (7.50) 218 (3.81)

High school graduated or GED 992 (11.28) 440 (7.70)

Some college 1653 (18.79) 922 (16.13)

Assoc/Tech college 897 (10.20) 541 (9.46)

Completed college 2500 (28.42) 1946 (34.04)

Beyond college degree 2095 (23.81) 1649 (28.85)

Missing 2 1
Gravidity <.0001**

1 6570 (74.67) 4368 (76.40)

2 1677 (19.06) 1043 (18.24)

3+ 552 (6.27) 306 (5.35)

2 Qther racial ethnicity groups include: American Indian, Native Hawaiian, Multiracial, and other
® Participants may select more than one insurance type, the sum of the overall number of all insurance types may exceed

the sample size

¢ p-values were comparing between samples with complete sleep data (n=5,717) and without (n=3,082); *p<0.05; **p<0.01
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Appendix Table 1. Aim 1 Demographic of Samples with Some Sleep Data and Complete Case Samples (cont).

Some sleep data (n=8,799)

Complete case (n=5,717)

Variables N (%) N (%) p-values ©
Insurance type (May be more than one type)

Governmental 2336 (26.72) 1004 (17.64) <.0001**
Military 59 (0.67) 43 (0.76) 0.2081
Commercial 6117 (69.96) 4519 (79.39) <.0001**
Personal income 1556 (17.80) 1165 (20.47) <.0001**
Other 123 (1.41) 64 (1.12) 0.0022**
Income in percentage of federal poverty level (%) <.0001**
>200% 5120 (70.80) 3933 (78.53)

100-200% 1102 (15.24) 613 (12.24)

<100% 1010 (13.97) 462 (9.23)

aOther racial ethnicity groups include: American Indian, Native Hawaiian, Multiracial, and other
b Participants may select more than one insurance type, the sum of the overall number of all insurance types may exceed the

sample size

¢ p-values were comparing between samples with complete sleep data (n=5,717) and without (n=3,082); *p<0.05; **p<0.01
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Appendix Table 2. Aim 1 Description of Each Sleep Dimension in Samples with Some Sleep Data and the Complete-case Sample

Visit 1 Visit 3
Some sleep data Complete case . Some sleep data Complete case a
Variables (n=8,799) (n=5717)  Pvalues (n=8,799) (n=5,717) p-values
n (%) n (%) n (%) n (%)
Sleep satisfaction, n (%) <.0001** <.0001**
Very good 1030 (12.88) 729 (12.75) 919 (11.12) 565 (9.88)
Good 2154 (26.93) 1647 (28.81) 2048 (24.77) 1513 (26.46)
Fair 3311(41.39) 2344 (41.00) 3484 (42.14) 2426 (42.43)
Poor 1308 (16.35) 875 (15.31) 1568 (18.97) 1078 (18.86)
Very poor 196 (2.45) 122 (2.13) 248 (3.00) 135 (2.36)
Mean + SD Mean + SD Mean + SD Mean + SD
Duration (hr) 8.03+£1.34 7.96+1.19 <.0001** 7.88+1.39 7.79+1.22 <.0001**
Epworth Sleepiness Scale (ESS) Score 7.81+4.08 7.68+3.98 <.0001** 6.60+4.07 6.49+3.95 0.0002**
Wake after sleep onset (WASO, min) 20.57+26.44 22.71426.12  <.0001** 25.32+29.76 27.34+28.43 <.0001**
Midpoint sleep (a.m.) 3:39+2:07 3:30+1:59 <.0001** 3:40 £2.04 3:24+1:55 <.0001**
Weekend-weekday difference in bedtime (hr) 1.00+1.34 0.97+1.29 <.0001** 0.89+1.30 0.86+1.21 <.0001**
Weekend-weekday difference in waketime (hr) 1.73+1.42 1.73+1.38 0.0016** 1.58+1.39 1.59+1.33 0.0009**
Weekend-weekday difference in midpoint sleep (hr) 1.40+1.70 1.39+1.64 0.7410 1.23+1.47 1.22+1.40 0.5333

2 p-values were comparing between samples with complete sleep data (n=5,717) and without (n=3,082)

*p<0.05; **p<0.01
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Appendix Table 3. Spearman Correlation Between Covariates

Maternal age Prepregnancy Poverty Educational Smoking Social support score  Exercise Race

BMI level level status ethnicity
Maternal age 1.000 -0.005 0.656 0.628 -0.140 0.184 0.199 -0.273
Prepregnancy BMI 1.000 -0.140 -0.078 0.085 -0.044 -0.064 0.072
% Poverty 1.000 0.605 -0.186 0.185 0.225 -0.280
Educational level 1.000 -0.239 0.232 0.221 -0.327
Smoking status 1.000 -0.110 -0.071 0.023
Social support score 1.000 0.107 -0.141
Exercise 1.000 -0.183
Race ethnicity 1.000
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Appendix Table 4. Variance Inflation Factor (VIF) across Covariates

discrimination

Aim 2
Maternal age Prepregnancy BMI  Poverty Educational Smoking Social support
level level status score
1.64 1.05 1.65 1.55 1.08 1.05
Aim 3
Maternal age Poverty level Education  Social support
al level score
1.60 1.59 1.41 1.03
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Appendix Table 5. Aim 2 Sensitivity Analysis for the Adjusted Estimates of the Associations Between Prenatal Depression and Sleep Health During

Pregnancy- Removed Prepregnancy BMI

Cross-sectional- Early pregnancy

. Daytime a Midpoint Bedtime Waketime Midpoint Composite sleep
Duration . a WASO a .o . a A a
sleepiness sleep regularity regularity regularity health score
Adjusted ﬁb -0.09 0.31 8.67 12.66 -0.09 -0.17 -0.14 -0.33
SE 0.05 0.04 1.04 4.94 0.06 0.06 0.05 0.05
p-value 0.0695 <.0001** <.0001** 0.0104* 0.1354 0.0054** 0.0071** <.0001**
Cross-sectional- Early pregnancy
Satisfied Sufficient sleep No excessive Good sleep Good sleep Regular Regular Regular midpoint
sleep : duration daytime sleepiness : continuity : timing ’ bedtime * waketime * sleep :
EPDS >10
b 0.54 0.79 0.60 0.58 0.81 0.97 1.13 1.16
Odds ratios
95% CI (0.46, 0.62) (0.66, 0.93) (0.51, 0.71) (0.48, 0.70) (0.68, 0.96) (0.76, 1.25) (0.95, 1.35) (0.94, 1.45)
Cross-sectional- Mid-pregnancy
a Daytime a Midpoint Bedtime Waketime Midpoint Composite sleep
Duration . a WASO a .o ., a . a a
sleepiness sleep regularity regularity regularity health score
Adjusted Bb -0.28 0.38 6.50 18.76 0.05 0.07 0.05 -0.46
SE 0.05 0.04 1.19 4.97 0.06 0.06 0.06 0.05
p-value <.0001** <.0001** <.0001** 0.0002** 0.3921 0.2901 0.3878 <.0001**

’ Sleep duration is in hour; Daytime sleepiness is the standardized ESS score from sample mean; Wake after sleep onset (WASO) is the amount of time awake between
sleep time and waketime, WASO is presented in minutes; Bedtime, waketime, midpoint regularity are calculated by weekend-weekday differences in hour in bedtime,
waketime, and midpoint sleep; Composite sleep health score is the standardized sleep health score from sample mean. Satisfied sleep was defined as individuals rated
"good" or "very good" sleep within the last 4 weeks; good sleep duration was weekly sleep duration 7-9 hours for adults aged 18 or more and 8-10 hours for
adolescents; no excessive daytime sleepiness was ESS score <10; Good sleep continuity was WASO less than 40 minutes; Good sleep timing was midpoint sleep
between 2-4 a.m.; Regular bedtime, waketime, and midpoint sleep were weekend-weekday differences less than 2 hours in bedtime, waketime, and midpoint sleep

b
EPDS score excluded one question in the EPDS that is associated with sleep. Adjusted for: maternal age, race ethnicity, educational level, percentage of federal
poverty level, social support score, exercise within the last 4 weeks in early pregnancy, and smoking status within 3 months prior to pregnancy.; *p<0.05; **p<0.01
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Appendix Table 5. Aim 2 Sensitivity Analysis for the Adjusted Estimates of the Associations Between Prenatal Depression and Sleep Health During

Pregnancy- Removed Prepregnancy BMI (cont.)

Cross-sectional- Mid-pregnancy

Satisfied Sufficient sleep  No excessive daytime Good sleep Good sleep Regular Regular Regular midpoint
sleep ) duration * sleepiness : continuity ’ timing : bedtime * waketime * sleep :
EPDS >10
b 0.43 0.66 0.50 0.61 0.78 0.84 0.85 0.82
Odds ratios
95% ClI (0.36, 0.52) (0.55, 0.78) (0.41, 0.59) (0.51,0.74) (0.65, 0.94) (0.63,1.11) (0.71, 1.03) (0.65, 1.04)
Longitudinal- Early pregnancy prenatal depression and mid-pregnancy sleep
a Daytime a Midpoint sleep Bedtime Waketime Midpoint Composite sleep
Duration . a WASO a .a A . a a
sleepiness regularity regularity regularity health score
Adjusted Bb -0.17 0.36 6.29 10.11 -0.02 -0.09 -0.06 -0.23
SE 0.05 0.04 1.15 4.80 0.06 0.06 0.05 0.05
p-value 0.0006** <.0001** <.0001** 0.0352* 0.7949 0.1408 0.2421 <.0001**

’ Sleep duration is in hour; Daytime sleepiness is the standardized ESS score from sample mean; Wake after sleep onset (WASO) is the amount of time awake
between sleep time and waketime, WASQO is presented in minutes; Bedtime, waketime, midpoint regularity are calculated by weekend-weekday differences in hour in
bedtime, waketime, and midpoint sleep; Composite sleep health score is the standardized sleep health score from sample mean. Satisfied sleep was defined as
individuals rated "good" or "very good" sleep within the last 4 weeks; good sleep duration was weekly sleep duration 7-9 hours for adults aged 18 or more and 8-10
hours for adolescents; no excessive daytime sleepiness was ESS score <10; Good sleep continuity was WASO less than 40 minutes; Good sleep timing was midpoint
sleep between 2-4 a.m.; Regular bedtime, waketime, and midpoint sleep were weekend-weekday differences less than 2 hours in bedtime, waketime, and midpoint
sleep

b
EPDS score excluded one question in the EPDS that is associated with sleep. Adjusted for: maternal age, race ethnicity, educational level, percentage of federal
poverty level, social support score, exercise within the last 4 weeks in early pregnancy, and smoking status within 3 months prior to pregnancy.

*p<0.05; **p<0.01
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Appendix Table 5. Aim 2 Sensitivity Analysis for the Adjusted Estimates of the Associations Between Prenatal Depression and Sleep Health During

Pregnancy- Removed Prepregnancy BMI (cont.)

Longitudinal- Early pregnancy prenatal depression and mid-pregnancy sleep

Satisfied Sufficient sleep  No excessive daytime Good sleep Good sleep Regular Regular Regular midpoint
sleep : duration - sleepiness ’ continuity ’ timing : bedtime * waketime * sleep ’
EPDS >10
Odds ratios 0.66 0.73 0.46 0.66 0.73 1.07 1.09 1.13
95% ClI (0.57,0.76) (0.61, 0.86) (0.38,0.54) (0.55,0.79) (0.62, 0.88) (0.80,1.42)  (0.90, 1.31) (0.89, 1.45)

’ Sleep duration is in hour; Daytime sleepiness is the standardized ESS score from sample mean; Wake after sleep onset (WASO) is the amount of time awake
between sleep time and waketime, WASO is presented in minutes; Bedtime, waketime, midpoint regularity are calculated by weekend-weekday differences in hour in
bedtime, waketime, and midpoint sleep; Composite sleep health score is the standardized sleep health score from sample mean. Satisfied sleep was defined as
individuals rated "good" or "very good" sleep within the last 4 weeks; good sleep duration was weekly sleep duration 7-9 hours for adults aged 18 or more and 8-10
hours for adolescents; no excessive daytime sleepiness was ESS score <10; Good sleep continuity was WASO less than 40 minutes; Good sleep timing was midpoint
sleep between 2-4 a.m.; Regular bedtime, waketime, and midpoint sleep were weekend-weekday differences less than 2 hours in bedtime, waketime, and midpoint
sleep

b
EPDS score excluded one question in the EPDS that is associated with sleep. Adjusted for: maternal age, race ethnicity, educational level, percentage of federal
poverty level, social support score, exercise within the last 4 weeks in early pregnancy, and smoking status within 3 months prior to pregnancy.

*p<0.05; **p<0.01
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Appendix Table 6. Aim 2 Demographic Characteristics of the Overall Sample and the Sample with some but

Incomplete Data

Overall sample with some sleep and EPDS data,
including the complete case sample (n=8270)

Overall sample with some sleep and EPDS data,
excluding the complete case sample (n=3105) 2

EPDS>10 in EPDS<10 in EPDS>10 in EPDS<10 in
early pregnancy  early pregnancy early pregnancy  early pregnancy
(n=1086) (n=7184) (n=555) (n=2550)
Variables Mean + SD Mean + SD p-values Mean + SD Mean + SD p-values

Gestational age at screening (weeks) 11.50+1.55 11.57+1.50 0.1441 11.41+1.60 11.51+1.55 0.1661

Maternal age at screening (years) 25.03£5.62 27.39+5.49 <.0001** 24.0145.52 25.56+5.69 <.0001**

Prepregnancy BMI (kg/m?) 26.59+6.35 25.89+5.91 0.0008** 27.21+6.88 26.53+6.36 0.0340*

Percentage of federal poverty level (%)  299.91+276.14  462.88+308.93 <.0001**  241.85+256.15  367.09+307.65 <.0001**

Social support score 68.30+14.96 75.51+13.45 <.0001** 66.63+15.59 74.10+£13.64 <.0001**

Variables n (%) n (%) p-values n (%) n (%) p-values

Maternal age at screening (years) <.0001** 0.1459

13-17 42 (3.87) 141 (1.96) 29 (5.23) 95 (3.73)
18-34 978 (90.06) 6362 (88.56) 498 (89.73) 2280 (89.41)
35-39 58 (5.34) 583 (8.12) 25 (4.50) 146 (5.73)

40 or higher 8(0.74) 98 (1.36) 3(0.54) 29 (1.14)

Race ethnicity <.0001** 0.0149*
Non-Hispanic White 581 (53.50) 4644 (64.64) 246 (44.32) 1287 (50.47)
Non-Hispanic Black 188 (17.31) 801 (11.15) 136 (24.50) 526 (20.63)

Hispanic 219 (20.17) 1089 (15.16) 121 (21.80) 506 (19.84)
Asian 41 (3.78) 303 (4.22) 12 (2.16) 90 (.53)
Other ® 57 (5.25) 347 (4.83) 40 (7.21) 141 (5.53)

Prepregnancy BMI categories 0.0010** 0.3906
<18.5 kg/m? (Underweight) 33 (3.08) 158 (2.23) 16 (2.94) 70 (2.80)
18.5-<25 kg/m? (Normal weight) 508 (47.39) 3770 (53.26) 248 (45.59) 1191 (47.64)
25-<30 kg/m? (Overweight) 273 (25.47) 1763 (24.91) 129 (23.71) 645 (25.80)
30-<35 kg/m? (Obese) 150 (13.99) 794 (11.22) 85 (15.63) 336 (13.44)
35+ kg/m? (Morbidly obese) 108 (10.07) 593 (8.38) 66 (12.13) 258 (10.32)

Educational level <.0001** <.0001**
Less than high school degree 151 (13.90) 452 (6.29) 110 (19.82) 312 (12.24)

High school graduated or GED 177 (16.30) 743 (10.34) 112 (20.18) 431 (16.90)
Some college 282 (25.97) 1253 (17.44) 133 (23.96) 582 (22.82)
Assoc/Tech college 137 (12.62) 712 (9.91) 78 (14.05) 301 (11.850)
Completed college 195 (17.96) 2192 (30.52) 75 (13.52) 539 (21.14)
Beyond college degree 144 (13.26) 1831 (25.49) 47 (8.47) 385 (15.10)

@ The samples are those with data from the overall sample (n=8270), excluding the complete case sample (n=5165) (8,270-5,165=3,105)
® Other racial ethnicity groups include: American Indian, Native Hawaiian, Multiracial, and other
¢Participants may select more than one insurance type, the sum of the overall number of all insurance types may exceed the

sample size; *p<0.05; **p<0.01
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Appendix Table 6. Aim 2 Demographic Characteristics of the Overall Sample and the Sample with some but

Incomplete Data (cont.)

Overall sample with some sleep and EPDS data,
including the complete case sample (n=8270)

Overall sample with some sleep and EPDS data,
excluding the complete case sample (n=3105) 2

EPDS>10 in EPDS<10 in EPDS>10 in EPDS<10in
early pregnancy  early pregnancy early pregnancy  early pregnancy
(n=1086) (n=7184) (n=555) (n=2550)
Variables n (%) n (%) p-values n (%) n (%) p-values
Gravidity 0.1506 0.4179
1 815 (75.05) 5405 (75.24) 400 (72.07) 1851 (72.59)
2 193 (17.77) 1363 (18.97) 107 (19.28) 518 (20.31)\
3+ 78 (7.18) 416 (5.79) 48 (8.65) 181 (7.10)
Ever used tobacco <.0001** <.0001**
Yes 553 (50.92) 2903 (40.02) 281 (50.63) 1026 (40.27)
No 533 (49308) 4279 (59.58) 274 (49.37) 1522 (59.73)
Smoked tobacco within 3 months prior to pregnancy <.0001** <.0001**
Yes 337 (31.03) 1087 (15.14) 193 (34.77) 511 (20.05)
No 749 (68.97) 6094 (84.86) 362 (65.23) 2037 (79.95)
Exercise within the last 4 weeks <.0001** 0.0097**
Yes 223 (32.99) 2344 (45.29) 89 (27.13) 570 (34.50)
No 453 (67.01) 2832 (54.71) 239 (72.87) 1082 (65.50)
Insurance type (May be more than one type) ¢
Governmental 448 (41.79) 1682 (23.53)  <.0001** 304 (55.37) 957 (37.81) <.0001**
Military 5 (0.47) 51 (0.71) 0.3591 2 (0.36) 13 (0.51) 0.6487
Commercial 585 (54.57) 5227 (73.13) <.0001** 228 (41.53) 1469 (58.04) <.0001**
Personal income 149 (13.90) 1352 (18.91) <.0001** 58 (10.56) 364 (14.38) 0.0184*
Other 25 (2.33) 90 (1.26) 0.0053** 9 (1.64) 48 (1.90) 0.6853
Income in percentage of federal poverty level (%) <.0001** <.0001**
>200% 241 (29.35_ 785 (13.00) 158 (40.10) 471 (24.54)
100-200% 175 (21.32) 777 (12.87) 87 (22.08) 309 (16.10)
<100% 405 (49.33) 4475 (74.13) 149 (37.82) 1139 (59.35)

2 The samples are those with data from the overall sample (n=8270), excluding the complete case sample (n=5165) (8,270-5,165=3,105)
b Other racial ethnicity groups include: American Indian, Native Hawaiian, Multiracial, and other
¢ Participants may select more than one insurance type, the sum of the overall number of all insurance types may exceed the sample size

*p<0.05; **p<0.01
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Appendix Table 7. Aim 2 EPDS Status of the Overall Sample and the Sample with some but Incomplete Data

Continuous scoring

Categorized EPDS status

Overall Sample n mean SD EPDS >=10 EPDS<10
Early pregnancy 8270  5.29 373 1086 (13.13) 7184 (86.87)
Mid-pregnancy 8250 508 371 996(1207) 7254 (87.93)
Complete case sample n mean SD EPDS >=10 EPDS<10
Early pregnancy 5165 4.9 351 531(1028) 4634 (89.72)
Mid-pregnancy 5165 471 3.47 463 (8.96) 4702 (91.04)
Overall excluding the complete sample n mean SD EPDS >=10 EPDS<10
Early pregnancy 3105  5.95 3.99 555 (17.87) 2550 (82.13)
Mid-pregnancy 3085  5.69 400  533(1728) 2552 (82.72)
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Appendix Table 8. Aim 2 Sleep Health of the Overall Sample and the Sample with some but Incomplete Data

Overall sample

Sleep dimensions Early preghancy Mid-pregnancy

Uncategorized sleep dimensions n Mean + SD n Mean + SD
Duration (hr) 7364 8.02+1.32 7625 7.87+1.37
Epworth Sleepiness Scale (ESS) Score 7633 7.80+4.07 8055 6.59+4.07
Wake after sleep onset (WASO, min) 8317 20.85+26.40 8317  26.13+29.89
Midpoint sleep (a.m.) 7364 3:14 (1:26) 7625 3:15 (1:29)
Weekend-weekday difference in bedtime (hr) 6729 1.00+1.34 6855 0.89+1.31
Weekend-weekday difference in waketime (hr) 6732 1.73+1.42 6856 1.58+1.39
Weekend-weekday difference in midpoint sleep (hr) 6711 1.34+1.23 6831 1.20+1.20

Categorized by specified cutoffs n n (%) n n (%)
Good sleep satisfaction, n (%) 7678 3066 (39.93) 8063 2887 (35.81)
Sufficient duration, n (%) 7364 4746 (64.45) 7625 4799 (62.94)
No excessive daytime sleepiness, n (%) 7633 5221 (68.40) 8055 6249 (77.58)
Good sleep continuity, n (%) 8317 7091 (85.26) 8317 6648 (79.93)
Appropriate sleep timing, n (%) 7364 4919 (66.80) 7625 5003 (65.61)
Regular bedtime, n (%) 6729 5867 (87.19) 6855 6119 (89.26)
Regular waketime, n (%) 6732 3795 (56.37) 6856 4225 (61.62)
Regular midpoint, n (%) 6711 5339 (79.56) 6831 5700 (83.44)

@Midpoint is presented in median with interquartile range. We performed Wilcoxon sign-ranked tests to compare midpoint sleep
between individuals with and without prenatal depression

b Satisfied sleep was defined as individuals rated "good" or "very good" sleep within the last 4 weeks; good sleep duration was weekly
sleep duration 7-9 hours for adults aged 18 or more and 8-10 hours for adolescents; no excessive daytime sleepiness was ESS score
<10; Good sleep continuity was WASO less than 40 minutes; Good sleep timing was midpoint sleep between 2-4 a.m.; Regular
bedtime, waketime, and midpoint sleep were weekend-weekday differences less than 2 hours in bedtime, waketime, and midpoint sleep
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Appendix Table 8. Aim 2 Sleep Health of the Overall Sample and the Sample with some but Incomplete Data

(cont.)

Complete case sample

Sleep dimensions Early pregnancy Mid-pregnancy

Uncategorized sleep dimensions n Mean + SD n Mean + SD
Duration (hr) 5165 8.03+1.05 5165 7.88+1.08
Epworth Sleepiness Scale (ESS) Score 5165 7.62+3.93 5165 6.41+3.88
Wake after sleep onset (WASO, min) 5165 19.39+18.91 5165  23.56+20.17
Midpoint sleep (a.m.) © 5165 3:08 (1:13) 5165 3:07 (1:14)
Weekend-weekday difference in bedtime (hr) 5165 0.82+0.65 5165 0.73+0.65
Weekend-weekday difference in waketime (hr) 5165 1.63£1.14 5165 1.50+1.08
Weekend-weekday difference in midpoint sleep (hr) 5165 1.20+0.76 5165 1.08+0.73

Categorized by specified cutoffs n n (%) n n (%)
Good sleep satisfaction, n (%) 5165 2231 (43.19) 5165 1957 (37.89)
Sufficient duration, n (%) 5165 3643 (70.53) 5165 3561 (68.94)
No excessive daytime sleepiness, n (%) 5165 3632 (70.32) 5165 4099 (79.36)
Good sleep continuity, n (%) 5165 4484 (86.82) 5165 4223 (81.76)
Appropriate sleep timing, n (%) 5165 3770 (72.99) 5165 3753 (72.66)
Regular bedtime, n (%) 5165 4680 (90.61) 5165 4765 (92.26)
Regular waketime, n (%) 5165 2969 (57.48) 5165 3219 (62.32)
Regular midpoint, n (%) 5165 4243 (82.15) 5165 4428 (85.73)

@Midpoint is presented in median with interquartile range. We performed Wilcoxon sign-ranked tests to compare midpoint sleep
between individuals with and without prenatal depression

b Satisfied sleep was defined as individuals rated "good" or "very good" sleep within the last 4 weeks; good sleep duration was weekly
sleep duration 7-9 hours for adults aged 18 or more and 8-10 hours for adolescents; no excessive daytime sleepiness was ESS score
<10; Good sleep continuity was WASO less than 40 minutes; Good sleep timing was midpoint sleep between 2-4 a.m.; Regular
bedtime, waketime, and midpoint sleep were weekend-weekday differences less than 2 hours in bedtime, waketime, and midpoint sleep
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Appendix Table 8. Aim 2 Sleep Health of the Overall Sample and the Sample with some but Incomplete Data

(cont.)

Overall excluding the complete sample

Sleep dimensions Early pregnancy Mid-pregnancy

Uncategorized sleep dimensions n Mean + SD n Mean + SD
Duration (hr) 2199 7.99+1.80 2460 7.86+1.84
Epworth Sleepiness Scale (ESS) Score 2468 8.16+4.33 2890 6.91+4.37
Wake after sleep onset (WASO, min) 3152 23.23+35.28 3152 30.36+40.78
Midpoint sleep (a.m.) 2199 3:35(2:04) 2460 3:38 (2:12)
Weekend-weekday difference in bedtime (hr) 1564 1.60+2.43 1690 1.38+2.30
Weekend-weekday difference in waketime (hr) 1567 2.06%2.05 1691 1.85+2.04
Weekend-weekday difference in midpoint sleep (hr) 1546 1.79+2.08 1666 1.56+2.02

Categorized by specified cutoffs n n (%) n n (%)
Good sleep satisfaction, n (%) 2513 835 (33.23) 2898 930 (32.09)
Sufficient duration, n (%) 2199 1103 (50.16) 2460 1238 (50.33)
No excessive daytime sleepiness, n (%) 2468 1589 (64.38) 2890 2150 (74.39)
Good sleep continuity, n (%) 3152 2607 (82.71) 3152 2425 (76.94)
Appropriate sleep timing, n (%) 2199 1149 (52.25) 2460 1250 (50.81)
Regular bedtime, n (%) 1564 1187 (75.90) 1690 1354 (80.12)
Regular waketime, n (%) 1567 826 (52.71) 1691 1006 (59.49)
Regular midpoint, n (%) 1546 1096 (70.89) 1666 1272 (76.35)

2 Midpoint is presented in median with interquartile range. We performed Wilcoxon sign-ranked tests to compare
midpoint sleep between individuals with and without prenatal depression

b Satisfied sleep was defined as individuals rated "good" or "very good" sleep within the last 4 weeks; good sleep
duration was weekly sleep duration 7-9 hours for adults aged 18 or more and 8-10 hours for adolescents; no excessive
daytime sleepiness was ESS score <10; Good sleep continuity was WASO less than 40 minutes; Good sleep timing was
midpoint sleep between 2-4 a.m.; Regular bedtime, waketime, and midpoint sleep were weekend-weekday differences
less than 2 hours in bedtime, waketime, and midpoint sleep
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Appendix Table 9. Bivariable Estimates of the Cross-Sectional Associations Between Prenatal Depression and Multidimensional Sleep Health Among

Participants who had Data in Specific Sleep Dimension, Excluding the Complete Case Sample 2

Sleep dimensions EPDS >10° EPDS <10° EPDS >10° EPDS <10°

Uncategorized sleep dimensions N Mean+SD n Mean + SD  p-value N Mean+SD n Mean + SD  p-value
Duration (hr) 357 7.95+2.06 1801 7.99+1.76 0.754 405 7.70£2.12 1995 7.89+1.79 0.0903
Epworth Sleepiness Scale (ESS) Score 435 9.07+4.37 1997 7.96+4.31 <.0001** 496 8.52+4.58 2330 6.60+4.27 <.0001**
Wake after sleep onset (WASO, min) 555 29.55+43.36 2550 21.86+33.23 <.0001** 533 35.4+46.44 2552 29.54+39.81 0.0069**
Midpoint sleep (a.m.) ¢ 357 3:45(2:16) 1801 3:33(2:02) 0.0012** 405 4:10(2:24) 557 3:36(2:08) <.0001**
Weekend-weekday difference in bedtime (hr) 245 1.33x1.90 1284 1.68+2.54 0.0139* 266 1.41+2.36 1372 1.40+2.33 0.9446
Weekend-weekday difference in waketime (hr) 243 173177 1289 2.14+2.11 0.0012** 267 1.85+2.26 1371 1.86+2.03 0.9519
Weekend-weekday difference in midpoint sleep (hr) 240 1.43+1.55 1271  1.87+2.18 0.0002** 262 1.59+2.12 1352  1.58+2.03 0.9106

Categorized by specified cutoffs n n (%) n n (%) p-value n n (%) n n (%) p-value
Good sleep satisfaction, n (%) 439 84(19.13) 2039 740(36.29) <.0001** 503 85(16.90) 2333 817(35.02) <.0001**
Sufficient duration, n (%) 357 147 (41.18) 1801 933(51.80) 0.0002** 405 172 (42.47) 1995 1024 (51.33) 0.0011**
No excessive daytime sleepiness, n (%) 435 250 (57.47) 1997 1316 (65.90) 0.0009** 496 303 (61.09) 2330 1792 (76.91) <.0001**
Good sleep continuity, n (%) 555 430 (77.48) 2550 2137 (83.80) 0.0004** 533 380 (71.29) 2552 1988 (77.90) 0.0010**
Good sleep timing , n (%) 357 174 (48.74) 1801 954(52.97) 0.1437 405 178(43.95) 1995 1033 (51.78) 0.0041**
Regular bedtime, n (%) 245 181(73.88) 1284 975 (75.93) 0.4921 266 211(79.32) 1372 1094 (79.74) 0.8779
Regular waketime, n (%) 243 144 (59.26) 1289 664 (51.51) 0.0265* 267 158(59.18) 1371 813(59.30)  0.9700
Regular midpoint, n (%) 240 173 (72.08) 1271 894 (70.34) 0.5862 262 197 (75.19) 1352 1031(76.26) 0.7111

2The samples are those with data from each sleep dimension, excluding the complete case sample. For example, 7,643 had data on sleep satisfaction and 5,165 had
complete sleep data. The table is showing the 2,478 participants who had sleep satisfaction data but did not have all sleep dimension data available (7,643-
5,165=2,478)

b EPDS score excluded one question in the EPDS that is associated with sleep.

¢ Midpoint is presented in median with interquartile range. We performed Wilcoxon sign-ranked tests to compare midpoint sleep between individuals with and
without prenatal depression

*p<0.05; **p<0.01
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Appendix Table 10. Bivariable Estimates of the Longitudinal Associations Between Prenatal Depression and Multidimensional Sleep Health Among

Participants who had Data in Specific Sleep Dimension, Excluding the Complete Case Sample 2

Longitudinal- Early to mid-pregnancy

Sleep dimensions EPDS >10° EPDS <10° p-value

Uncategorized sleep dimensions n Mean + SD n Mean + SD p-value
Duration (hr) 432 7.69+2.11 1984 7.90£1.79 0.0574
Epworth Sleepiness Scale (ESS) Score 526  7.97+4.66 2317 6.64+4.27 <.0001**
Wake after sleep onset (WASQO, min) 555 37.34+46.42 2550  28.74+38.73  <.0001**
Midpoint sleep (a.m.) ¢ 432  4:00(2:11) 1984 3:35(2:35) 0.0012**
Weekend-weekday difference in bedtime (hr) 281 1.26%2.10 1370 1.41+2.37 0.2818
Weekend-weekday difference in waketime (hr) 277 1.68+1.97 1375 1.90+2.07 0.1090
Weekend-weekday difference in midpoint sleep (hr) 276 1.40+1.80 1351 1.61+2.08 0.0960

Categorized by specified cutoffs n n (%) n n (%) p-value
Good sleep satisfaction, n (%) 530 112(21.13) 2323 809 (34.83) <.0001**
Sufficient duration, n (%) 432 189 (43.75) 1984 1023 (51.56)  0.0033**
No excessive daytime sleepiness, n (%) 526 336 (63.88 2317 1784 (77.00)  <.0001**
Good sleep continuity, n (%) 555 383(69.01) 2550 2005 (78.63) <.0001**
Good sleep timing, n (%) 432 199 (46.06) 1984 1031 (51.97) 0.0262*
Regular bedtime, n (%) 281 227(80.78) 1370 1095 (79.33) 0.7435
Regular waketime, n (%) 277 167 (60.29) 1375 812 (59.05) 0.7029
Regular midpoint, n (%) 276 217 (78.62) 1351 1023 (75.72) 0.3022

2 The samples are those with data from each sleep dimension, excluding the complete case sample. For example, 7,643 had
data on sleep satisfaction and 5,165 had complete sleep data. The table is showing the 2,478 participants who had sleep
satisfaction data but did not have all sleep dimension data available (7,643-5,165=2,478)

b EPDS score excluded one question in the EPDS that is associated with sleep.

¢ Midpoint is presented in median with interquartile range. We performed Wilcoxon sign-ranked tests to compare midpoint
sleep between individuals with and without prenatal depression

*p<0.05; **p<0.01
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Appendix Table 11. The Exploratory Analysis on Specified Cutoff for Racial Discrimination Experiences on Sleep Health Outcomes — Using Sample

with Complete Data

Early pregnancy
Sleep dimensions  Area under curve  Optimal cutoff®  Youden Index  Distance to (0,1)

Satisfaction 0.54 0 0.07 0.68
Duration 0.51 1 0.02 0.71
Sleepiness 0.54 0 0.06 0.68
Continuity 0.55 0 0.04 0.77
Timing 0.51 0 0.02 0.79
Bedtime regularity 0.50 0 0.06 0.77
Waketime regularity 0.51 1 0.04 0.79
Midpoint regularity 0.49 1 0.01 0.81

Mid-pregnancy
Sleep dimensions ~ Area under curve  Optimal cutoff®  Youden Index  Distance to (0,1)

Satisfaction 0.52 0 0.04 0.78
Duration 0.53 0 0.05 0.77
Sleepiness 0.52 0 0.04 0.78
Continuity 0.52 0 0.04 0.78
Timing 0.53 0 0.06 0.77
Bedtime regularity 0.52 0 0.03 0.79
Waketime regularity 0.52 1 0.04 0.79
Midpoint regularity 0.50 0 -0.01 0.82

2 Optimal cutoff is decided by the shortest distance to the (0,1) the optimal point
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Appendix Table 12. Bivariable Estimates of the Association Between the Experiences of Racial Discrimination and Multidimensional Sleep Health by

each Racial Group

Overall sample Early pregnancy sleep health Mid-pregnancy sleep health
High experiences of ~ Low to no experiences High experiences of Lowto nfo exp elrlences
. . racial discrimination  of racial discrimination racial discrimination | Of racial

Sleep dimensions discrimination

Uncategorized sleep dimensions n Mean + SD n Mean + SD p-value n Mean + SD n Mean + SD p-value
Duration (hr) 436 7.81+1.49 6871 8.03+1.31 0.0024** 456 7.62+1.50 7090 7.89+1.35 0.0002**
Epworth Sleepiness Scale (ESS) Score 464 8.66+4.10 7110 7.73+4.06 <.0001** 486 7.40+4.34 7486 6.54+4.04 <.0001**
Wake after sleep onset (WASO, min) 508 24.75+32.22 7713 20.68+26.00 0.0055** 508  28.18+30.72 7713  26.06+29.83 0.1223
Midpoint sleep (a.m.) 2 508  3:38(31:36 7713 3:13 (1:13) <.0001** 456 3:34 (1:41) 7090 3:13 (1:27) <.0001**
Weekend-weekday difference in bedtime (hr) 384 1.08+1.32 6302 1.00+£1.34 0.2779 396 0.97+1.37 6401 0.88+1.30 0.1945
Weekend-weekday difference in waketime (hr) 383 1.65+1.40 6306 1.74+1.42 0.2603 397 1.56+1.44 6398 1.59+1.38 0.6825
Weekend-weekday difference in midpoint sleep (hr) 382 1.32+£1.15 6286 1.34+1.23 0.7338 396 1.20£1.27 6377 1.20£1.20 0.9841

Categorized by specified cutoffs n n (%) n n (%) p-value n n (%) n n (%) p-value
Good sleep satisfaction, n (%) 465 152 (32.69) 7154 2891 (40.41) 0.0010** 487 155 (31.83) 7493 2698 (36.01) 0.0622
Sufficient duration, n (%) 436 251 (57.57) 6871 4460 (64.91) 0.0019** 456 251 (55.04) 7090 4517 (63.71) 0.0002**
Daytime wakefulness, n (%) 464  271(58.41) 77110 4918 (69.17) <.0001** 486 339 (69.75) 7486 5846 (78.09)  <.0001**
Efficient sleep, n (%) 508 417 (82.09) 7713 6586 (85.39) 0.0425* 508 397 (78.15) 7713 6171 (80.01) 0.3115
Appropriate sleep timing , n (%) 436 250 (57.34) 6871 4632 (67.41) <.0001** 456 258 (56.58) 7090 4702 (66.32)  <.0001**
Regular bedtime, n (%) 384  311(80.99) 6302 5514 (87.50) 0.0002** 396 330(83.33) 6401 5742(89.70)  <.0001**
Regular waketime, n (%) 383  229(59.79) 6306 3542 (56.17) 0.1651 397 245 (61.71) 6398 3946 (61.63) 0.9733
Regular midpoint, n (%) 382 294 (76.96) 6286 5008 (79.67) 0.2033 396 313 (79.04) 6377 5340 (83.74) 0.0146*

Composite sleep health score, Mean + SD 277 5.20+0.59 4913 5.32+0.55 0.0005** 277 5.1740.62 4913 5.29+0.57 0.0012**

2 Midpoint is presented in median with interquartile range. We performed Wilcoxon sign-ranked tests to compare midpoint sleep between individuals with and without the experiences of
racial discrimination
*p<0.05; **p<0.01
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Appendix Table 12. Bivariable Estimates of the Association Between the Experiences of Racial Discrimination and Multidimensional Sleep Health by

each Racial Group (cont.)

Non-Hispanic white Early pregnancy sleep health Mid-pregnancy sleep health
High experiences of ~ Low to no experiences High experiences of Lowtono
. . racial discrimination  of racial discrimination racial discrimination ~ SPer1ENCES of'raC|aI

Sleep dimensions discrimination

Uncategorized sleep dimensions n Mean + SD n Mean + SD p-value n Mean + SD n Mean + SD p-value
Duration (hr) 102 7.97+1.38 4748 7.96+1.12 0.9249 101 7.83+1.16 4839 7.79+1.16 0.7439
Epworth Sleepiness Scale (ESS) Score 106 8.00+4.13 4822 7.65+3.90 0.3554 103 7.07+4.39 4966 6.41+3.85 0.0888
Wake after sleep onset (WASO, min) 107 31.77£37.48 5108 22.12+25.83 0.0002** 107  30.84+30.10 5108 28.02+28.85 0.3171
Midpoint sleep (a.m.) 2 102 3:17 (1:48) 4748 3:04 (1:13) 0.0029** 101 3:13(1:32) 4839  3:03(1:13) 0.1448
Weekend-weekday difference in bedtime (hr) 92 1.14+1.68 4491 0.99+1.32 0.4161 93 0.98+1.73 4526 0.87£1.31 0.5300
Weekend-weekday difference in waketime (hr) 92 1.78+1.57 4494 1.76+1.35 0.8826 93 1.49+1.54 4525 1.61+1.34 0.4651
Weekend-weekday difference in midpoint sleep (hr) 92 1.44+1.51 4483 1.35+1.19 0.5614 93 1.21+1.53 4512 1.22+1.19 0.9663

Categorized by specified cutoffs n n (%) n n (%) p-value n n (%) n n (%) p-value
Good sleep satisfaction, n (%) 106 31 (29.25) 4855 1946 (40.08) 0.0242* 105 29 (27.62) 4972 1699 (34.17) 0.1608
Sufficient duration, n (%) 102 60 (58.82) 4748 3328 (70.09) 0.0141* 101 63 (62.38) 4839 3277 (67.72) 0.256
Daytime wakefulness, n (%) 106 70 (66.04) 4822 3377 (70.03) 0.3748 103 76 (73.79) 4966 3958 (79.70) 0.1404
Efficient sleep, n (%) 107 78 (72.90) 5108 4283 (83.85)  0.0024** 107 79 (73.83) 5108 3964 (77.60) 0.3549
Appropriate sleep timing , n (%) 102 58 (56.86) 4748 3490 (73.50)  0.0002** 101 62 (61.39) 4839 3492 (72.16) 0.0170*
Regular bedtime, n (%) 92 75 (81.52) 4491 4003 (89.13) 0.0210* 93 79 (84.95) 4526 4136 (91.38) 0.0296*
Regular waketime, n (%) 92 52 (56.52) 4494 2494 (55.50) 0.8447 93 61 (65.59) 4525 2786 (61.57) 0.4297
Regular midpoint, n (%) 92 71 (77.17) 4483 3597 (80.24) 0.4658 93 75 (80.65) 4512 3822 (84.71) 0.2824

Composite sleep health score, Mean + SD 72 5.24+0.59 3644 5.33+0.55 0.1633 72 5.42+0.55 3644 5.28+0.58 0.5634

2 Midpoint is presented in median with interquartile range. We performed Wilcoxon sign-ranked tests to compare midpoint sleep between individuals with and without the experiences of
racial discrimination

*p<0.05; **p<0.01

207



Appendix Table 12. Bivariable Estimates of the Association Between the Experiences of Racial Discrimination and Multidimensional Sleep Health by

each Racial Group (cont.)

Non-Hispanic Black

Early pregnancy sleep health

Mid-pregnancy sleep health

High experiences of  Low to no experiences

. . Low to no experiences
High experiences of

: : racial discrimination  of racial discrimination racial discrimination . Of. ra_t:lal_
Sleep dimensions discrimination
Uncategorized sleep dimensions n Mean + SD n Mean + SD p-value n Mean + SD n Mean = SD p-value
Duration (hr) 127 7.55+1.52 575 8.17+£1.91 0.0007** 133 7.44+1.58 667 8.12+2.07 <.0001**
Epworth Sleepiness Scale (ESS) Score 141 9.21+4.13 657 8.97+4.77 0.5574 150 8.11+4.51 795 7.85+4.74 0.5360
Wake after sleep onset (WASO, min) 156  24.36+32.70 823 18.42+29.40 0.0234* 156  27.04+27.48 823  23.17+33.26 0.1207
Midpoint sleep (a.m.) 2 127 3:31 (1:41) 575 3:53 (2:04) 0.0575 133 3:34 (1:45) 667 3:56 (2:11) 0.1304
Weekend-weekday difference in bedtime (hr) 112 1.05+1.26 446 1.14+1.40 0.5638 109 1.07+1.53 501 1.09+1.51 0.9025
Weekend-weekday difference in waketime (hr) 112 1.53+1.51 442 1.68+1.75 0.3950 109 1.49+1.38 502 1.53+1.76 0.8122
Weekend-weekday difference in midpoint sleep (hr) 111 1.23+1.16 440 1.36+1.410 0.2970 109 1.17+1.30 498 1.22+1.45 0.7568
Categorized by specified cutoffs n n (%) n n (%) p-value n n (%) n n (%) p-value
Good sleep satisfaction, n (%) 141 45 (31.91) 661 249 (37.67) 0.1979 149 55 (36.91) 794 331 (41.69) 0.2767
Sufficient duration, n (%) 127 64 (50.39) 575 266 (46.26) 0.3984 133 63 (47.37) 667 313 (46.93) 0.9257
Daytime wakefulness, n (%) 141 70 (49.65) 657 382 (58.14) 0.0647 150 97 (64.67) 795 517 (65.03) 0.9315
Efficient sleep, n (%) 156 132 (84.62) 823 717 (87.12) 0.3979 156 125 (80.13) 823 681 (82.75) 0.4319
Appropriate sleep timing , n (%) 127 75 (59.06) 575 265 (46.09) 0.0081** 133 78 (58.65) 667 314 (47.08) 0.0148*
Regular bedtime, n (%) 112 89 (79.46) 446 341 (76.46) 0.4986 109 87 (79.82) 501 391 (78.04) 0.6838
Regular waketime, n (%) 112 69 (61.61) 442 261 (59.05) 0.6223 109 69 (63.30) 502 318 (63.35) 0.9931
Regular midpoint, n (%) 111 85 (76.58) 440 331 (75.23) 0.7677 109 86 (78.90) 498 389 (78.11) 0.8569
70 5.24+0.53 255 5.15+0.60 0.2190 70 5.18+0.63 255 5.18+0.59 0.9693

Composite sleep health score, Mean + SD

& Midpoint is presented in median with interquartile range. We performed Wilcoxon sign-ranked tests to compare midpoint sleep between individuals with and without the experiences of

racial discrimination
*p<0.05; **p<0.01
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Appendix Table 12. Bivariable Estimates of the Association Between the Experiences of Racial Discrimination and Multidimensional Sleep Health by

each Racial Group (cont.)

Hispanics

Early pregnancy sleep health

Mid-pregnancy sleep health

High experiences of
racial discrimination

Low to no experiences
of racial discrimination

Sleep dimensions

Low to no
experiences of racial
discrimination

High experiences of
racial discrimination

Uncategorized sleep dimensions n Mean + SD n Mean + SD p-value n Mean + SD n Mean = SD p-value
Duration (hr) 120 7.94+1.58 987 8.41+1.60 0.0027** 121 7.69+1.61 1014 8.21+1.49 0.0003**
Epworth Sleepiness Scale (ESS) Score 122 8.77+4.22 1056 7.43+4.20 0.0009** 127 7.24+4.55 1116 6.19+4.24 0.0087**
Wake after sleep onset (WASO, min) 136 23.21+32.20 1152  17.27+23.04 0.0381* 136 27.30+35.09 1152  21.34+31.29 0.0385*
Midpoint sleep (a.m.) @ 120 3:50(1:37) 987 3:41 (1:51) 0.4388 121 3:44(1:39) 1014  3:42(1:46) 0.8341
Weekend-weekday difference in bedtime (hr) 101 1.14+1.32 849 1.01+1.41 0.3799 106 0.92+0.87 854 0.89+1.25 0.7410
Weekend-weekday difference in waketime (hr) 101 1.78+£1.35 851 1.73£1.57 0.7897 106 1.67£1.55 851 1.58+1.44 0.5548
Weekend-weekday difference in midpoint sleep (hr) 101 1.40+1.01 847 1.33+£1.31 0.5122 106 1.24+1.08 848 1.17+1.13 0.5394

Categorized by specified cutoffs n n (%) n n (%) p-value n n (%) n n (%) p-value
Good sleep satisfaction, n (%) 124 41 (33.06 1058 428 (40.45) 0.1116 127 35 (27.56) 1118 419 (37.48) 0.0278*
Sufficient duration, n (%) 120 66 (55.00) 987 522 (52.89) 0.6615 121 63 (52.07) 1014 568 (56.02) 0.4085
Daytime wakefulness, n (%) 122 72(59.02) 1056 760 (71.97) 0.0029** 127 86 (67.72) 1116 883 (79.12) 0.0033**
Efficient sleep, n (%) 136 114(83.82) 1152 1027 (89.15) 0.0647 136 107 (78.68) 1152 991 (86.02) 0.0223*
Appropriate sleep timing , n (%) 120 63 (52.50) 987 535 (54.20) 0.7235 121 63 (52.07) 1014 548 (54.04) 0.6801
Regular bedtime, n (%) 101 79(78.22) 849 721 (84.92) 0.0806 106 84 (81.13) 854 744 (87.12) 0.0893
Regular waketime, n (%) 101  58(57.43) 851 480 (56.40) 0.8448 106 59 (55.66) 851 505 (59.34( 0.4675
Regular midpoint, n (%) 101 73(72.28) 847 652 (76.98) 0.2925 106 78 (73.58) 848 685 (80.78) 0.0810

Composite sleep health score, Mean + SD 76 5.05+0.66 608 5.29+0.57 0.0026** 76 5.03+£0.71 608 5.30+0.57 0.0023**

& Midpoint is presented in median with interquartile range. We performed Wilcoxon sign-ranked tests to compare midpoint sleep between individuals with and without the experiences of

racial discrimination
*p<0.05; **p<0.01
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Appendix Table 12. Bivariable Estimates of the Association Between the Experiences of Racial Discrimination and Multidimensional Sleep Health by

each Racial Group (cont.)

Asians Early pregnancy sleep health Mid-pregnancy sleep health
High experiences of . . . Low to no
racial Low to no experiences ngh experiences of experiences of racial
. . LT of racial discrimination racial discrimination LR

Sleep dimensions discrimination discrimination

Uncategorized sleep dimensions n Mean + SD n Mean + SD p-value n Mean + SD n Mean + SD p-value
Duration (hr) 44 7.75%£1.35 267 7.831£1.14 0.6846 49 7.39£1.57 269 7.75+£1.11 0.1273
Epworth Sleepiness Scale (ESS) Score 46 7.80+3.27 267 7.70+4.10 0.8705 50 5.88+3.22 281 6.22+3.89 0.5631
Wake after sleep onset (WASO, min) 51 20.20+23.26 289 15.15+21.33 0.1253 51 25.63+25.98 289  18.59+22.51 0.0453*
Midpoint sleep (a.m.) @ 44  3:28(1:26) 267 3:21 (1:22) 0.3731 49 3:41 (1:21) 269 3:32 (1:24) 0.1317
Weekend-weekday difference in bedtime (hr) 40 0.88+0.98 254 0.97+1.68 0.6240 44 0.69+0.55 258 0.78+1.29 0.4341
Weekend-weekday difference in waketime (hr) 40 1.50+1.02 256 1.69+1.52 0.3096 45 1.47+1.13 257 1.50+1.35 0.8882
Weekend-weekday difference in midpoint sleep (hr) 40 1.17+0.76 254 1.32+1.50 0.3497 44 1.01+0.74 257 1.11+1.29 0.4544

Categorized by specified cutoffs n n (%) n n (%) p-value n n (%) n n (%) p-value
Good sleep satisfaction, n (%) 46 20 (43.48) 272 146 (53.68) 0.2003 50 17 (34.00) 281 127 (45.20) 0.1412
Sufficient duration, n (%) 44 35 (79.55) 267 177 (66.29) 0.0804 49 34 (69.39) 269 182 (67.66) 0.8114
Daytime wakefulness, n (%) 46 33 (71.74) 267 184 (68.91) 0.7011 50 43 (86.00) 281  234(83.27) 0.6308
Efficient sleep, n (%) 51 45 (88.24) 289 267 (92.39) 0.4034 51 41 (80.39) 289 257 (88.93) 0.0877
Appropriate sleep timing , n (%) 44 27 (61.36) 267 176 (65.92) 0.5566 49 30 (61.22) 269 171 (63.57) 0.7543
Regular bedtime, n (%) 40 35 (87.50) 254 223 (87.80) 1.0000 44 42 (95345) 258 243 (94.19) 1.0000
Regular waketime, n (%) 40 25 (62.50) 256 154 (60.16) 0.7780 45 28 (62.22) 257 172 (66.93) 0.5382
Regular midpoint, n (%) 40 34 (85.00) 254 213 (83.86) 0.8547 44 38 (86.36) 257 226 (87.96) 0.7689

Composite sleep health score, Mean + SD 30 5.47+0.44 212 5.48+0.52 0.9241 30 5.38+0.52 212 5.47+0.51 0.3602

@ Midpoint is presented in median with interquartile range. We performed Wilcoxon sign-ranked tests to compare midpoint sleep between individuals with and without the experiences
of racial discrimination

*p<0.05; **p<0.01; The underlined p-values are from Fisher’s Exact test

210



Appendix Table 12. Bivariable Estimates of the Association Between the Experiences of Racial Discrimination and Multidimensional Sleep Health by

each Racial Group (cont.)

Other race (American Indian, Native Hawaiian,

Multiracial) Early pregnancy sleep health Mid-pregnancy sleep health
High experiences of . . . Low to no
racial Low to no experiences ngh experiences of experiences of racial

Sleep dimensions discrimination of racial discrimination racial discrimination discrimination

Uncategorized sleep dimensions n Mean + SD n Mean + SD p-value n Mean + SD n Mean + SD p-value
Duration (hr) 43 7.88+1.55 294 7.92+1.52 0.8774 52 7.70£1.50 301 7.87+1.56 0.4537
Epworth Sleepiness Scale (ESS) Score 49 9.02+4.24 308 7.53£3.96 0.0159* 56 7.84+3.86 328 6.61+3.85 0.0278*
Wake after sleep onset (WASO, min) 58  20.52+25.48 341 20.85+30.51 0.9374 58  30.59+33.49 341  25.94+32.55 0.3180
Midpoint sleep (a.m.) @ 43 3:42(1:26) 294 3:20 (1:47) 0.1292 52 3:53 (1:43) 301 3:29 (1:40) 0.0747
Weekend-weekday difference in bedtime (hr) 39 1.04+0.73 262 0.88+1.20 0.2396 44 1.11+1.63 262 0.79+0.90 0.2042
Weekend-weekday difference in waketime (hr) 38 1.56+1.03 263 1.59+1.35 0.9020 44 1.70+1.44 263 1.51+1.16 0.3535
Weekend-weekday difference in midpoint sleep (hr) 38 1.21+0.75 262 1.20+1.06 0.9280 44 1.38+1.45 262 1.10+0.86 0.2210

Categorized by specified cutoffs n n (%) n n (%) p-value n n (%) n n (%) p-value
Good sleep satisfaction, n (%) 48 15 (31.25) 308 122 (39.61) 0.2682 56 19 (33.93) 328 122 (37.20) 0.6393
Sufficient duration, n (%) 43 26 (60.47) 294 167 (56.80) 0.6502 52 28 (53.85) 301 177 (58.80) 0.5035
Daytime wakefulness, n (%) 49 26 (53.06) 308 215 (69.81) 0.0201* 56 37 (66.07) 328 254 (77.44) 0.0665
Efficient sleep, n (%) 58 48 (82.76) 341 292 (85.63) 0.5689 58 45 (77.59) 341 278 (81.52) 0.4801
Appropriate sleep timing , n (%) 43 27 (62.79) 294 166 (56.46) 0.4333 52 25 (48.08) 301 177 (58.80) 0.1488
Regular bedtime, n (%) 39 33 (84.62) 262 226 (86.26) 0.7822 44 36 (81.82) 262 228 (87.02) 0.3532
Regular waketime, n (%) 38 25 (65.79) 263 153 (58.17) 0.3721 44 28 (63.64) 263 162 (61.60) 0.7966
Regular midpoint, n (%) 38 31 (81.58) 262 215 (82.06) 0.9424 44 36 (81.82) 262  218(83.21) 0.8206

Composite sleep health score, Mean + SD 29 5.14+0.56 194 5.34+0.57 0.0846 29 5.13+0.55 194 5.32+0.55 0.0975

@ Midpoint is presented in median with interquartile range. We performed Wilcoxon sign-ranked tests to compare midpoint sleep between individuals with and without the experiences
of racial discrimination

*p<0.05; **p<0.01
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Appendix Table 12. Bivariable Estimates of the Association Between the Experiences of Racial Discrimination and Multidimensional Sleep Health by

each Racial Group (cont.)

Excluding non-Hispanic white Early pregnancy sleep health Mid-pregnancy sleep health
High experiences of L . . . Low to no
. ow to no experiences High experiences of : .
. . . r_ac!al . of racial discrimination racial discrimination ~ ©XPS1ences of_raC|aI

Sleep dimensions discrimination discrimination

Uncategorized sleep dimensions n Mean + SD n Mean + SD p-value n Mean + SD n Mean + SD p-value
Duration (hr) 334 7.76+1.53 2123 8.20+1.64 <.0001** 355 7.56+1.58 2251 8.08+1.66 <.0001**
Epworth Sleepiness Scale (ESS) Score 358 8.85+4.08 2288 7.92+4.38 0.0002** 383 7.49+4.33 2520 6.77+4.38 0.0027**
Wake after sleep onset (WASQO, min) 401 22.88+30.45 2605 17.86+26.11 0.0005** 401  27.46+£30.89 2605 22.22+31.31 0.0018**
Midpoint sleep (a.m.) 2 334 3:43(1:32) 2123 3:38 (1:50) 0.9132 355 3:41 (1:41) 2251 3:41 (1:50) 0.7124
Weekend-weekday difference in bedtime (hr) 292 1.06%1.18 1811 1.02+1.43 0.5915 303 0.97+1.24 1875  0.91+1.29 0.4900
Weekend-weekday difference in waketime (hr) 291 1.61+1.34 1812 1.69+1.58 0.3635 304 1.58+1.41 1873 1.55+1.49 0.7076
Weekend-weekday difference in midpoint sleep (hr) 290 1.28+1.01 1803 1.32+1.33 0.5793 303 1.20+1.18 1865 1.16+1.22 0.6184

Categorized by specified cutoffs n n (%) n n (%) p-value n n (%) n n (%) p-value
Good sleep satisfaction, n (%) 359 121(33.70) 2299 945 (41.10) 0.0078** 382  126(32.98) 2521 999 (39.63) 0.0130*
Sufficient duration, n (%) 334 191 (57.19) 2123 1132 (53.32) 0.1878 355 188 (52.96) 2251 1240 (55.09) 0.4538
Daytime wakefulness, n (%) 358 201(56.15) 2288  1541(67.35) <.0001** 383 263 (68.67) 2520 1888 (74.92)  0.0093**
Efficient sleep, n (%) 401 339 (84.54) 2605 2303 (88.41) 0.0271* 401 318 (79.30) 2605 2207 (84.72)  0.0059**
Appropriate sleep timing, n (%) 334 192 (57.49) 2123 1142 (53.79) 0.2079 355 196 (565.21) 2251 1210 (53.75) 0.6086
Regular bedtime, n (%) 292 236(80.82) 1811  1511(83.43) 0.2693 303 251(82.84) 1875 1606 (85.65) 0.1996
Regular waketime, n (%) 291 177 (60.82) 1812 1048 (57.84) 0.3373 304 184 (60.53) 1873 1157 (61.77) 0.6786
Regular midpoint, n (%) 290 223(76.90) 1803 1411 (78.26) 0.6029 303 238(78.55) 1865 1518 (81.39) 0.2415

Composite sleep health score, Mean + SD 205 5.19+0.59 1269 5.30£0.58 0.0099** 205 5.15+0.64 1269 5.31+£0.57 0.0010**

@ Midpoint is presented in median with interquartile range. We performed Wilcoxon sign-ranked tests to compare midpoint sleep between individuals with and without the experiences
of racial discrimination

*p<0.05; **p<0.01
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Appendix Table 12. Bivariable Estimates of the Association Between the Experiences of Racial Discrimination and Multidimensional Sleep Health by

each Racial Group (cont.)

Non-Hispanic Black and Hispancis

Early pregnancy sleep health

Mid-pregnancy sleep health

High experiences of .
Low to no experiences

High experiences of Low'to no

. . . r_ac?al . of racial discrimination racial discrimination expe'rier!ce_s of'racial

Sleep dimensions discrimination discrimination

Uncategorized sleep dimensions n Mean + SD n Mean + SD p-value n Mean + SD n Mean = SD p-value
Duration (hr) 247  7.74+1.56 1562 8.32+1.72 <.0001** 254 7.56+1.60 1681 8.17+£1.74 <.0001**
Epworth Sleepiness Scale (ESS) Score 263 9.00+4.17 1713 8.02+4.49 0.0009** 277 7.71+4.54 1911 6.88+4.53 0.0044**
Wake after sleep onset (WASO, min) 292 23.82432.42 1975  17.75+25.88  0.0024** 292  27.16+31.20 1975 22.11+32.13 0.0118*
Midpoint sleep (a.m.) 2 247 3:45 (1:56) 1562 3:44 (1:37) 0.4477 254 3:38 (1:46) 1681 3:47 (1:55) 0.4239
Weekend-weekday difference in bedtime (hr) 213 1.09+1.28 1295 1.05+1.41 0.6901 215 0.99+1.24 1355 0.96+1.35 0.7373
Weekend-weekday difference in waketime (hr) 213 1.65+1.44 1293 1.72+1.64 0.5212 215 1.58+1.46 1353 1.56+1.57 0.8705
Weekend-weekday difference in midpoint sleep (hr) 212 1.31+1.09 1287 1.34+1.34 0.7290 215 1.20+1.20 1346 1.19+1.26 0.8433

Categorized by specified cutoffs n n (%) n n (%) p-value n n (%) n n (%) p-value
Good sleep satisfaction, n (%) 265 86 (32.45) 1719 677 (39.38) 0.0309* 276 90 (32.61) 1912 750 (39.23) 0.0346*
Sufficient duration, n (%) 247 130 (52.63) 1562 788 (50.45) 0.5236 254 126 (49.61) 1681 881 (52.41) 0.4046
Daytime wakefulness, n (%) 263 142 (53.99) 1713 1142 (66.67) <.0001** 277  183(66.06) 1911 1400 (73.26) 0.0123*
Efficient sleep, n (%) 292 246 (84.25) 1975 1744 (88.30) 0.0482* 292 232(79.45) 1975 1672 (84.66) 0.0236*
Appropriate sleep timing , n (%) 247 138 (55.87) 1562 800 (51.22) 0.1737 254 141 (55.51) 1681 862 (51.28) 0.2083
Regular bedtime, n (%) 213 168 (78.87) 1295 1062 (82.01) 0.2743 215  173(80.47) 1355 1135(83.76) 0.2282
Regular waketime, n (%) 213 127 (59.62) 1293 741 (57.31) 0.5262 215  128(59.53) 1353 823 (60.83) 0.7185
Regular midpoint, n (%) 212 158 (74.53) 1287 983 (76.38) 0.5581 215 164 (76.28) 1346 1074 (79.79) 0.2377

Composite sleep health score, Mean + SD 146 5.14+0.61 863 5.25+0.58 0.0381* 146 5.10+0.67 863 5.26+0.58 0.0071**

& Midpoint is presented in median with interquartile range. We performed Wilcoxon sign-ranked tests to compare midpoint sleep between individuals with and without the experiences

of racial discrimination
*p<0.05; **p<0.01
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Appendix Table 13. Descriptive Statistics of the Counts of Situations in Racial Discrimination Experiences at all Cutoffs — Using Sample with Complete

Data
Cutoff All races Nonmliigan|c Nong}';iﬁamc Hispanics Asians Other IE é;gjrﬂi \l:lv(r)\?t_e Noghg';ﬁzg;i% Isack
n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)

0 4138 (79.71) 3251 (87.49) 179 (55.08) 443 (64.77) 127 (52.48) 133 (61.88) 887 (60.18) 622 (61.65)
lormore 1052 (20.27) 465 (12.51) 146 (44.92) 241 (35.23) 115 (47.52) 85 (38.12) 587 (39.82) 387 (38.35)
1 or less 4660 (89.79) 3540 (95.26) 218 (67.08) 552 (80.70) 173 (71.49) 177 (79.37) 1120 (75.98) 770 (76.31)
2 or more 530 (10.21) 176 (4.74) 107 (32.92) 132 (19.30) 69 (28.51) 46 (20.63) 354 (24.02) 239 (23.69)
2 or less 4913 (94.66) 3644 (98.06) 255 (78.46) 608 (88.89) 212 (87.60) 194 (87.00) 1269 (86.09) 863 (85.53)
3 or more 277 (5.34) 72 (1.94) 70 (21.54) 76 (11.11) 30 (12.40) 29 (13.00) 205 (13.91) 146 (14.47)
3 or less 5054 (97.38) 3688 (99.25) 285 (87.69) 640 (93.57) 230 (95.04) 211 (94.62) 1366 (92.67) 925 (91.67)
4 or more 136 (2.62) 28 (0.75) 40 (12.31) 44 (6.43) 12 (4.96) 12 (5.38) 108 (7.33) 84 (8.33)
4 or less 5132 (98.88) 3705 (99.70) 306 (94.15) 665 (97.22) 239 (98.76) 217 (97.31) 1427 (96.81) 971 (96.23)
5 or more 58 (1.12) 11 (0.30) 19 (5.85) 19 (2.78) 3(1.24) 6 (2.69) 47 (3.19) 38 (3.77)
5 or less 5163 (99.48) 3712 (99.89) 315 (96.92) 677 (98.98) 241 (99.59) 218 (97.76) 1451 (98.44) 992 (98.32)
6 or more 27 (0.52) 4(0.11) 10 (3.08) 7 (1.02) 1(0.41) 5(2.24) 23 (1.56) 17 (1.68)
6 or less 5179 (99.79) 3712 (99.89) 320 (98.46) 684 (100.00) 242 (100.00) 221 (99.10) 1467 (99.53) 1004 (99.50)
7 or more 11 (0.21) 4 (0.11) 5 (1.54) 0 (0.00) 0 (0.00) 2 (0.90) 7 (0.47) 5 (0.50)
7 or less 5185(99.90) 3713 (99.92) 324 (99.69) 684 (100.00) 242 (100.00) 222 (99.55) 1472 (99.86) 1008 (99.90)
8 or more 5(0.10) 3(0.08) 1(0.31) 0 (0.00) 0 (0.00) 1(0.45) 2 (0.14) 1(0.10)
8 or less 5187 (99.94) 3713 (99.92) 325 (100.00) 684 (100.00) 242 (100.00) 223 (100.00) 1474 (100.00) 1009 (100.00)

9 3(0.06) 3(0.08) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)
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Appendix Table 14. Aim 3 Demographic Characteristics of the Study Sample — Overall and by the

Experiences of Racial Discrimination

Overall sample with some sleep and racial
discrimination data, including the complete

case sample (n=8221)

Overall sample with some sleep and racial

discrimination data, excluding the complete case
sample (n=3031) 2

3+ situations

<3 situations

3+ situations

<3 situations

(n=508) (n=7713) (n=231) (n=2800)

Variables Mean £ SD Mean £ SD p-values Mean £ SD Mean £ SD p-values

Gestational age at screening (weeks) 11.64+1.49 11.56x£1.51 0.1991 11.59+1.51 11.49+1.56 0.3275

Maternal age at screening (years) 27.53+6.14 27.08+5.51 0.1106 25.66+5.77 25.25+5.68 0.2845

Prepregnancy BMI (kg/m?) 27.61+7.18 25.88£5.88  <.0001**  28.48+8.08 26544632 0.0005%*

E:,Zr)ce”tage of federal poverty level - 367 96130054  449.00£300.12 <.0001**  278.25:268.95  348.81+303.82 0.0011**

Social support score 71.91+£14.08 74.83+£13.80 <.0001** 70.68+14.39 72.97£14.32 0.0336*

Variables n (%) n (%) p-value n (%) n (%) p-value

Maternal age at screening (years) <.0001** 0.7176
13-17 10 (1.97) 172 (2.23) 8 (3.46) 115 (4.11)

18-34 422 (83.07) 6870 (89.07) 204 (878.31) 2506 (89.50)
35-39 62 (12.20) 580 (7.52) 16 (6.93) 151 (5.39)
40 or higher 14 (2.76) 91 (1.18) 3(1.30) 28 (1.00)

Race ethnicity <.0001** <.0001**
Non-Hispanic white 5108 (66.23) 107 (21.06) 35 (15.15) 1464 (52.29)
Non-Hispanic Black 823 (10.67) 156 (30.71) 86 (37.23) 568 (20.29)

Hispanic 1152 (14.94) 136 (26.77) 60 (25.97) 544 (19.43)
Asian 289 (3.75) 51 (10.04) 21 (9.09) 77 (2.75)
Other @ 341 (4.42) 58 (11.42) 29 (12.55) 147 (5.25)

Prepregnancy BMI (kg/m2) <.0001** <.0001**
<18.5 (Underweight) 20 (3.97) 172 (2.26) 20 (4.00) 172 (2.27)
18.5-<25 (Normal weight) 199 (39.48) 4053 (53.31) 199 (39.80) 4038 (53.29)
25-<30 (Overweight) 133 (26.39) 1893 (24.90) 130 (26.00) 1889 (24.93)
30-<35 (Obese) 76 (15.08) 859 (11.30) 75 (15.00) 856 (11.30)

35 or higher (Morbidly obese) 76 (15.08) 625 (8.22) 76 (15.20) 623 (8.22)

Educational level 0.0209* 0.6013

Less than high school graduate 41 (8.07) 544 (7.05) 29 (12.55) 375 (13.39)
High school graduated or GED 61 (12.01) 842 (10.92) 37 (16.02) 496 (17.71)
Associate/Tech degree 51 (10.04) 791 (10.26) 31 (13.42) 340 (12.14)
Some college 116 (22.83) 1421 (18.42) 63 (27.27) 649 (23.18)
College degree 116 (22.83) 2267 (29.39) 38 (16.45) 558 (19.93)
Degree beyond Co||ege 123 (24.21) 1848 (23.96) 33 (14.29) 382 (13.64)

2 Other racial ethnicity groups include: American Indian, Native Hawaiian, Multiracial, and other

b Participants may select more than one insurance type, the sum of the overall number of all insurance types may exceed the

sample size; *p<0.05; **p<0.01
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Appendix Table 14. Aim 3 Demographic Characteristics of the Study Sample — Overall and by the

Experiences of Racial Discrimination (cont.)

Overall sample with some sleep and racial
discrimination data, including the complete

case sample (n=8221)

Overall sample with some sleep and racial
discrimination data, excluding the
complete case sample (h=3031) 2

3+ situations

<3 situations

3+ situations

<3 situations

(n=508) (n=7713) (n=231) (n=2800)
Variables n (%) n (%) p-value n (%) n (%) p-value
Gravidity <.0001** 0.0283*
1 335 (65.94) 5852 (75.87) 154 (6.67) 2048 (73.14)
2 118 (23.23) 1429 (18.53) 51 (22.08) 557 (19.89)
3 or more 55 (10.83) 432 (5.60) 26 (11.26) 195 (6.96)
Ever used tobacco 0.0002** 0.0820
Yes 252 (49.61) 3174 (41.16) 109 (47.19) 1156 (41.32)
No 256 (50.39) 4537 (58.84) 122 (52.81) 109 (47.19)
Smoked tobacco within 3 months prior to pregnancy <.0001** 0.0005**
Yes 128 (25.20) 1271 (16.49) 73 (31.60) 606 (21.66)
No 380 (74.80) 6439 (83.51) 158 (68.40) 2192 (78.34)
Insurance type (can be more than one) ®
Governmental 179 (35.39) 1924 (25.09)  <.0001** 108 (46.96) 1128 (40.60) 0.0599
Military 5(0.99) 51 (0.67) 0.3961 1(0.43) 15 (0.54) 1.0000
Commercial 299 (58.67) 5497 (71.70)  <.0001** 111 (48.26) 1544 (55.58)  0.0320*
Personal 97 (19.13) 1401 (18.27) 0.6282 26 (11.30) 387 (13.93) 0.2660
Other 12 (2.37) 99 (1.29) 0.0427* 8 (3.48) 44 (1.58) 0.0568
Percentage of federal poverty level (%) <.0001** 0.0159*
<100 102 (24.70) 905 (14.10) 64 (36.57) 550 (26.49)
100-200 59 (14.29) 895 (13.95) 27 (15.43) 363 (17.49)
>200 252 (61.02) 4617 (71.95) 84 (48.00) 1163 (56.02)

2 Other racial ethnicity groups include: American Indian, Native Hawaiian, Multiracial, and other

® Participants may select more than one insurance type, the sum of the overall number of all insurance types may exceed the sample size

*p<0.05; **p<0.01
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Appendix Table 15. Aim 3 Descriptive Statistics of Racial Discrimination Experiences in Overall Sample and

by Racial Groups-Sample with some but Incomplete Data

Overall Sample

Number of situations Non-Hispanic Non-Hispanic Hi . .
S . - ispanic Asian Other
experiencing racial White Black (n=1288) (n=340) (n=399)
discrimination, n (%) (n=5215) (n=979)
0 4526 (86.79) 583 (59.55) 844 (65.53) 179 (52.65) 220 (55.14)
1 428 (8.21) 127 (12.97) 203 (15.76) 62 (18.24) 75 (18.80)
2 154 (2.95) 113 (11.54) 105 (8.15) 48 (14.12) 46 (11.53)
3 66 (1.27) 74 (7.56) 64 (4.97) 27 (7.94) 33 (8.27)
4 25 (0.48) 40 (4.09) 39 (3.03) 16 (4.71) 9 (2.26)
5 9(0.17) 17 (1.74) 17 (1.32) 4 (1.18) 6 (1.50)
6 0 (0.00) 16 (1.63) 15 (1.16) 4 (1.18) 8 (2.01)
7 1(0.02) 5(0.51) 1(0.08) 0 (0.00) 1(0.25)
8 0 (0.00) 4 (0.41) 0 (0.00) 0 (0.00) 1(0.25)
9 6 (0.12) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)
1152
Less than 3 domains 5108 (97.95) 823 (84.07) (89.44) 289 (85.00) 341 (85.46)
3 or more domains 107 (2.05) 156 (15.93) 136 (10.56) 51 (15.00) 58 (14.54)
Complete sample

Number of situations Non-Hispanic Non-Hispanic . . .

experiencing racial Whit% Blacﬁ 'E'r:sz%%rz;: (rleig) (r(])ztggg)

discrimination, n (%) (n=3716) (n=325)
0  3251(87.49) 179 (55.08) 443 (64.77) 127 (52.48) 138 (61.88)
1 289 (7.78) 39 (12.00) 109 (15.94) 46 (19.01) 39 (17.49)
2 104 (2.80) 37 (11.38) 56 (8.19) 39 (16.12) 17 (7.62)
3 44 (1.18) 30 (9.23) 32 (4.68) 18 (7.44) 17 (7.62)
4 17 (0.46) 21 (6.46) 25 (3.65) 9(3.72) 6 (2.69)
5 7 (0.19) 9 (2.77) 12 (1.75) 2 (0.83) 1 (0.45)
6 0 (0.00) 5(1.54) 7(1.02) 1(0.41) 3(1.35)
7 1(0.03) 4 (1.23) 0 (0.00) 0 (0.00) 1 (0.45)
8 0 (0.00) 1(0.31) 0 (0.00) 0 (0.00) 1(0.45)
9 3 (0.08) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)

Less than 3 domains 3644 (98.06) 255 (78.46) 608 (88.89) 212 (87.60) 194 (87.00)

3 or more domains 72 (1.94) 70 (21.54) 76 (11.11) 30 (12.40) 29 (13.00)
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Appendix Table 15. Aim 3 Descriptive Statistics of Racial Discrimination Experiences in Overall Sample and

by Racial Groups-Sample with some but Incomplete Data (cont.)

Overall excluding the complete sample

Number of situations Non-Hispanic Non-Hispanic Hi . .

S . : ispanic Asian Other
experiencing racial White Black (n=604) (n=98) (n=176)
discrimination, n (%) (n=1499) (n=654)

0 1275 (85.06) 404 (61.77) 401 (66.39) 52 (53.06) 82 (46.59)
1 139 (9.27) 88 (13.45) 94 (15.56) 16 (16.33) 36 (20.45)
2 50 (3.34) 76 (11.62) 49 (8.11) 9(9.18) 29 (16.48)
3 22 (1.47) 44 (6.73) 32 (5.30) 9(9.18) 116 (9.09)
4 8 (0.53) 19 (2.91) 14 (2.32) 7(7.14) 3(1.70)
5 2(0.13) 8(1.22) 15 (0.83) 2 (2.04) 5(2.84)
6 0 (0.00) 11 (1.68) 8(1.32) 3 (3.06) 5 (2.84)
7 0 (0.00) 1(0.15) 1(0.17) 0 (0.00) 0 (0.00)
8 0 (0.00) 3(0.46) 0 (0.00) 0 (0.00) 0 (0.00)
9 3 (0.20) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)
Less than 3 domains 1464 (97.67) 568 (86.85) 544 (90.07) 77 (78.57) 147 (83.52)
3 or more domains 35 (2.33) 86 (13.15) 60 (9.93) 21 (21.43) 29 (16.48)
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Appendix Table 16. Aim 3 Sleep Health of the Overall Sample and the Sample with some but Incomplete

Data

Overall sample

Sleep dimensions Early pregnancy Mid-pregnancy

Uncategorized sleep dimensions n Mean + SD n Mean + SD
Duration (hr) 7307 8.02+1.32 7546 7.87+1.36
Epworth Sleepiness Scale (ESS) Score 7574 7.79+4.07 7972 6.59+4.06
Wake after sleep onset (WASO, min) 8221 20.93+26.44 8221  26.19+29.89
Midpoint sleep (a.m.) @ 7307  3:14(1:26) 7546  3:14(1:29)
Weekend-weekday difference in bedtime (hr) 6686 1.00+1.35 6797 0.89+1.31
Weekend-weekday difference in waketime (hr) 6689 1.73+1.42 6795 1.59+1.39
Weekend-weekday difference in midpoint sleep (hr) 6668  1.34+1.23 6773  1.20+1.20

Categorized by specified cutoffs n n (%) n n (%)
Good sleep satisfaction, n (%) 7619 3043 (39.94) 7980 2853 (35.75)
Sufficient duration, n (%) 7307 4711 (64.47) 7546 4768 (63.19)
No excessive daytime sleepiness, n (%) 7574 5189 (68.51) 7972 6185 (77.58)
Good sleep continuity, n (%) 8221 7003 (85.18) 8221 6568 (79.89)
Appropriate sleep timing, n (%) 7307 4882 (66.81) 7546 4960 (65.73)
Regular bedtime, n (%) 6686 5825(87.12) 6797 6072 (89.33)
Regular waketime, n (%) 6689 3771(56.38) 6795 4188 (61.63)
Regular midpoint, n (%) 6668 5302 (79.51) 6773 5653 (83.46)

2 Midpoint is presented in median with interquartile range

b Satisfied sleep was defined as individuals rated "good" or "very good" sleep within the last 4 weeks; good sleep duration
was weekly sleep duration 7-9 hours for adults aged 18 or more and 8-10 hours for adolescents; no excessive daytime
sleepiness was ESS score <10; Good sleep continuity was WASO less than 40 minutes; Good sleep timing was midpoint
sleep between 2-4 a.m.; Regular bedtime, waketime, and midpoint sleep were weekend-weekday differences less than 2
hours in bedtime, waketime, and midpoint sleep
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Appendix Table 16. Aim 3 Sleep Health of the Overall Sample and the Sample with some but Incomplete

Data (cont.)

Complete case sample

Sleep dimensions Early pregnancy Mid-pregnancy

Uncategorized sleep dimensions n Mean + SD n Mean + SD
Duration (hr) 5190 8.03+1.05 5190 7.87+1.08
Epworth Sleepiness Scale (ESS) Score 5190  7.61+3.93 5190  6.42+3.88
Wake after sleep onset (WASO, min) 5190 19.45+18.98 5190 23.59+20.19
Midpoint sleep (a.m.) ® 5190 3:09(1:13) 5190  3:07(1:14)
Weekend-weekday difference in bedtime (hr) 5190  0.82+0.66 5190  0.73+0.65
Weekend-weekday difference in waketime (hr) 5190 1.63£1.15 5190 1.50+1.08
Weekend-weekday difference in midpoint sleep (hr) 5190  1.20+0.76 5190  1.09+0.73

Categorized by specified cutoffs ? n n (%) n n (%)
Good sleep satisfaction, n (%) 5190 2249 (43.33) 5190 1962 (37.80)
Sufficient duration, n (%) 5190 3656 (70.44) 5190 3590 (69.17)
No excessive daytime sleepiness, n (%) 5190 3654 (70.40) 5190 4115(79.29)
Good sleep continuity, n (%) 5190 4500 (86.71) 5190 4244 (81.77)
Appropriate sleep timing, n (%) 5190 3783(72.89) 5190 3769 (72.62)
Regular bedtime, n (%) 5190 4703 (90.62) 5190 4788 (92.25)
Regular waketime, n (%) 5190 2982 (57.46) 5190 3238 (62.39)
Regular midpoint, n (%) 5190 4261 (82.10) 5190 4447 (85.68)

2 Midpoint is presented in median with interquartile range

b Satisfied sleep was defined as individuals rated "good" or "very good" sleep within the last 4 weeks; good sleep duration
was weekly sleep duration 7-9 hours for adults aged 18 or more and 8-10 hours for adolescents; no excessive daytime
sleepiness was ESS score <10; Good sleep continuity was WASO less than 40 minutes; Good sleep timing was midpoint
sleep between 2-4 a.m.; Regular bedtime, waketime, and midpoint sleep were weekend-weekday differences less than 2
hours in bedtime, waketime, and midpoint sleep
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Appendix Table 16. Aim 3 Sleep Health of the Overall Sample and the Sample with some but Incomplete

Data (cont.)

Overall excluding the complete sample

Sleep dimensions Early pregnancy Mid-pregnancy

Uncategorized sleep dimensions n Mean + SD n Mean + SD
Duration (hr) 2117 7.99+1.82 2356 7.86+1.83
Epworth Sleepiness Scale (ESS) Score 2384 8.18+4.34 2782 6.90+4.37
Wake after sleep onset (WASO, min) 3031 23.48+35.64 3031 30.65+41.15
Midpoint sleep (a.m.) 2 2117  3:36(2:03) 2356  3:40(2:14)
Weekend-weekday difference in bedtime (hr) 1496 1.64+2.47 1607 1.40+2.35
Weekend-weekday difference in waketime (hr) 1499 2.08+2.08 1605 1.87+2.06
Weekend-weekday difference in midpoint sleep (hr) 1478 1.81+2.11 1583  1.58+2.06

Categorized by specified cutoffs n n (%) n n (%)
Good sleep satisfaction, n (%) 2429  794(32.69) 2790 891 (31.94)
Sufficient duration, n (%) 2117 1055(49.83) 2356 1178 (50.00)
No excessive daytime sleepiness, n (%) 2384 1535(64.39) 2782 2070 (74.41)
Good sleep continuity, n (%) 3031 2503 (82.58) 3031 2324 (76.67)
Appropriate sleep timing, n (%) 2117 1099 (51.91) 2356 1191 (50.55)
Regular bedtime, n (%) 1496 1122 (75.00) 1607 1284 (79.90)
Regular waketime, n (%) 1499 789 (52.64) 1605 950 (59.19)
Regular midpoint, n (%) 1478 1041 (70.43) 1583 1206 (76.18)

aMidpoint is presented in median with interquartile range

b Satisfied sleep was defined as individuals rated "good" or "very good" sleep within the last 4 weeks; good sleep duration
was weekly sleep duration 7-9 hours for adults aged 18 or more and 8-10 hours for adolescents; no excessive daytime
sleepiness was ESS score <10; Good sleep continuity was WASO less than 40 minutes; Good sleep timing was midpoint
sleep between 2-4 a.m.; Regular bedtime, waketime, and midpoint sleep were weekend-weekday differences less than 2
hours in bedtime, waketime, and midpoint sleep
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Appendix Table 17. Bivariable Estimates of Cross-Sectional Associations between Racial Discrimination Experiences and Multidimensional Sleep

Health Among Participants who had Data in Specific Sleep Dimensions, Excluding the Complete Case Sample @

Early pregnancy sleep health Mid-pregnancy sleep health
3+ situations of <3 situations of 3+ situations of <3 situations of
racial racial racial racial
Sleep dimensions discrimination discrimination discrimination discrimination
Uncategorized sleep dimensions n Mean + SD n Mean + SD  p-value N Mean+ SD n Mean + SD  p-value
Duration (hr) 159  7.67+1.95 1958 8.01+1.81  0.0247* 179 7.55+1.88 2177 7.89+1.83  0.0178*
Epworth Sleepiness Scale (ESS) Score 187  9.30+4.09 2197 8.08+4.35 0.0002** 209 7.75+4.60 2573 6.83+4.35 0.0034**
Wake after sleep onset (WASO, min) 231 29.38+42.20 2800 23.00+35.00 0.0261* 231 32.73+39.59 2800 30.47+41.28 0.4229
Midpoint sleep (a.m.) 159  4:03(2:00) 1958 3:34(2:04) 0.0285* 179 4:01(2:10) 2177 3:38(2:12) 0.0408*
Weekend-weekday difference in bedtime (hr) 107  1.65+2.09 1389 1.64+2.50 0.9872 119 1.38+2.19 1488 1.40+2.37 0.9191
Weekend-weekday difference in waketime (hr) 106  1.88+1.87 1393  2.09+2.09 0.3175 120 1.91+1.92 1485 1.87+2.08 0.8254
Weekend-weekday difference in midpoint sleep (hr) 105  1.70+2.14 1373  1.82+2.14 04780 119 1.57+1.92 1464 1.59+2.07 0.9195

2 The samples are those with data from each sleep dimension, excluding the complete case sample. For example, 7,619 had data on sleep satisfaction and 5,190 had

complete sleep data. The table is showing the 2,429 participants who had sleep satisfaction data but did not have all sleep dimension data available (7,619-
5,190=2,429)

b Midpoint is presented in median with interquartile range. We performed Wilcoxon sign-ranked tests to compare midpoint sleep between individuals with 3+ or <3

situations of racial discrimination experiences

¢ Satisfied sleep was defined as individuals rated "good" or "very good" sleep within the last 4 weeks; good sleep duration was weekly sleep duration 7-9 hours for
adults aged 18 or more and 8-10 hours for adolescents; no excessive daytime sleepiness was ESS score <10; Good sleep continuity was WASO less than 40 minutes;
Good sleep timing was midpoint sleep between 2-4 a.m.; Regular bedtime, waketime, and midpoint sleep were weekend-weekday differences less than 2 hours in

bedtime, waketime, and midpoint sleep
*p<0.05; **p<0.01
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Appendix Table 17. Bivariable Estimates of Cross-Sectional Associations between Racial Discrimination Experiences and Multidimensional Sleep

Health Among Participants who had Data in Specific Sleep Dimensions, Excluding the Complete Case Sample 2 (cont.)

Categorized by specified cutoffs ¢ n n (%) n n (%) p-value  n n (%) n n (%) p-value
Good sleep satisfaction, n (%) 2429 49 (26.06) 2241 745(33.24) 0.0438* 210 67(31.90) 2580 824 (31.94) 0.9921
Sufficient duration, n (%) 159 63(39.62) 1958 992 (50.66) 0.0074** 179 70(39.11) 2177 1108 (50.90) 0.0024**
No excessive daytime sleepiness, n (%) 187 97(51.87) 2197 1438 (65.45) 0.0002** 209 140 (66.99) 2573 1930 (75.01) 0.0106*
Efficient sleep, n (%) 231 184 (79.65) 2800 2319(82.82) 0.2224 231 167 (72.29) 2800 2157 (77.04) 0.1015
Appropriate sleep timing , n (%) 159 70(44.03) 1958 1029 (52.55) 0.0385* 179 76(42.46) 2177 1115(51.22) 0.0243*
Regular bedtime, n (%) 107 71(66.36) 1389 1051 (75.67) 0.0321* 119 88(73.95) 1488 1196 (80.38) 0.0923
Regular waketime, n (%) 106 62(58.49) 1393 727 (52.19) 0.2104 120 68 (56.67) 1485 882 (59.39) 0.5587
Regular midpoint, n (%) 105 71(67.62) 1373 970 (70.65) 0.5121 119 85(71.43) 1464 1121 (76.57) 0.2053

2 The samples are those with data from each sleep dimension, excluding the complete case sample. For example, 7,619 had data on sleep satisfaction and 5,190
had complete sleep data. The table is showing the 2,429 participants who had sleep satisfaction data but did not have all sleep dimension data available (7,619-

5,190=2,429)

b Midpoint is presented in median with interquartile range. We performed Wilcoxon sign-ranked tests to compare midpoint sleep between individuals with 3+ or

<3 situations of racial discrimination experiences

¢ Satisfied sleep was defined as individuals rated "good" or "very good" sleep within the last 4 weeks; good sleep duration was weekly sleep duration 7-9 hours
for adults aged 18 or more and 8-10 hours for adolescents; no excessive daytime sleepiness was ESS score <10; Good sleep continuity was WASO less than 40
minutes; Good sleep timing was midpoint sleep between 2-4 a.m.; Regular bedtime, waketime, and midpoint sleep were weekend-weekday differences less than

2 hours in bedtime, waketime, and midpoint sleep
*p<0.05; **p<0.01
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Appendix Table 18. Bivariable Estimates of the Cross-Sectional Associations between Racial Discrimination Experiences and Multidimensional Sleep
Health Among Participants who had Data in Specific Sleep Dimension, Excluding the Complete Case Sample 2 — Non-Hispanic Black, Hispanics,

Asians, and other Races (American Indian, Native Hawaiian, Multiracial)

Early pregnancy sleep health Mid-pregnancy sleep health
3+ situations of <3 situations of 3+ situations of <3 situations of
racial racial racial racial
Sleep dimensions discrimination discrimination discrimination discrimination
Uncategorized sleep dimensions N Mean+SD n Mean + SD  p-value N Mean+SD n Mean + SD  p-value
Duration (hr) 129 7.60+1.94 854  8.24+2.11 0.0013** 150 7.52+1.98 982  8.10+2.06 0.0013**
Epworth Sleepiness Scale (ESS) Score 153 9.56+4.09 1019 8.43+4.66 0.0047** 178 7.69+4.56 1251 7.17+4.61 0.1617
Wake after sleep onset (WASO, min) 196 25.55+38.70 1336 18.83+32.07 0.0214* 196 31.09+39.40 1336 24.91+39.60 0.0414*
Midpoint sleep (a.m.) ® 129 4:00(1:50) 854 3:55(2:15) 0.6269 150 4:02(2:14) 982 4:01(2:15)  0.7696
Weekend-weekday difference in bedtime (hr) 87 145178 542  1.48+2.29 0.8710 98 1.25#1.88 606  1.20+1.99 0.8091
Weekend-weekday difference in waketime (hr) 86  1.73+1.69 543  1.92+2.12 0.3642 99 1.88+1.82 604  1.68+2.02 0.3402

Weekend-weekday difference in midpoint sleep (hr) 85 1.50+1.34 534 1.65+2.04 0.3783 98 1.50+1.70 596 1.34+1.81 0.5223

2The samples are those with data from each sleep dimension, excluding the complete case sample. For example, 2,658 had data on sleep satisfaction and 1,474 had
complete sleep data. The table is showing the 1,184 participants who had sleep satisfaction data but did not have all sleep dimension data available (2,658-
1,474=1,184)

b Midpoint is presented in median with interquartile range. We performed Wilcoxon sign-ranked tests to compare midpoint sleep between individuals with 3+ or <3
situations of racial discrimination experiences

¢ Satisfied sleep was defined as individuals rated "good" or "very good" sleep within the last 4 weeks; good sleep duration was weekly sleep duration 7-9 hours for
adults aged 18 or more and 8-10 hours for adolescents; no excessive daytime sleepiness was ESS score <10; Good sleep continuity was WASO less than 40 minutes;
Good sleep timing was midpoint sleep between 2-4 a.m.; Regular bedtime, waketime, and midpoint sleep were weekend-weekday differences less than 2 hours in
bedtime, waketime, and midpoint sleep

*p<0.05; **p<0.01
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Appendix Table 18. Bivariable Estimates of the Cross-Sectional Associations between Racial Discrimination Experiences and Multidimensional Sleep

Health Among Participants who had Data in Specific Sleep Dimension, Excluding the Complete Case Sample 2 — Non-Hispanic Black, Hispanics,

Asians, and other Races (American Indian, Native Hawaiian, Multiracial) (cont).

Categorized by specified cutoffs © n n (%) n n (%) p-value  n n (%) n n (%) p-value
Good sleep satisfaction, n (%) 154 43(27.92) 1030 379(36.80) 0.0320* 177 63(35.59) 1252 455 (36.34) 0.8462
Sufficient duration, n (%) 129 53(41.09) 854 369 (43.21) 0.6498 150 54 (36.00) 982 462 (47.05) 0.0114*
Daytime wakefulness, n (%) 153 74(48.37) 1019 639 (62.71) 0.0007** 178 121(67.98) 1251 898 (71.78) 0.2937
Efficient sleep, n (%) 196 163(83.16) 1336 1162 (86.98) 0.1448 196 146 (74.49) 1336 1107 (82.86) 0.0046**
Appropriate sleep timing , n (%) 129 59 (45.74) 854 382(4473) 08305 150 64 (4267) 982 434 (4420)  0.7253
Regular bedtime, n (%) 87 60(68.97) 542 398 (73.43) 0.3848 98 74(75.51) 606 485 (80.03) 0.3043
Regular waketime, n (%) 86 53(61.63) 543 304 (55.99) 0.3264 99 57(57.58) 604 381 (63.08) 0.2949
Regular midpoint, n (%) 85 60(70.59) 534 381 (71.35) 0.8857 98 72(73.47) 596 468 (78.52) 0.2645

2The samples are those with data from each sleep dimension, excluding the complete case sample. For example, 2,658 had data on sleep satisfaction and 1,474 had
complete sleep data. The table is showing the 1,184 participants who had sleep satisfaction data but did not have all sleep dimension data available (2,658-

1,474=1,184)

® Midpoint is presented in median with interquartile range. We performed Wilcoxon sign-ranked tests to compare midpoint sleep between individuals with 3+ or <3
situations of racial discrimination experiences

¢ Satisfied sleep was defined as individuals rated "good" or "very good" sleep within the last 4 weeks; good sleep duration was weekly sleep duration 7-9 hours for
adults aged 18 or more and 8-10 hours for adolescents; no excessive daytime sleepiness was ESS score <10; Good sleep continuity was WASO less than 40

minutes; Good sleep timing was midpoint sleep between 2-4 a.m.; Regular bedtime, waketime, and midpoint sleep were weekend-weekday differences less than 2
hours in bedtime, waketime, and midpoint sleep

*p<0.05; **p<0.01
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