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Abstract

Objective: To describe daytime sleepiness and insomnia among adults in Samoa and identify
modifiable factors associated with these measures.

Design/setting: Cross-sectional analysis of data from the Soifua Manuia (“Good Health”) study
(n="519, 55.1% female); Upolu island, Samoa.

Methods: Daytime sleepiness and insomnia were assessed with the Epworth Sleepiness Scale
(ESS) and the Women’s Health Initiative Insomnia Rating Scale (WHIIRS), respectively.

Detailed physical, sociodemographic, and behavioral factors were collected. Sleep measures were
characterized using multiple linear regression with backwards elimination and a bootstrap stability
investigation.

Results: Excessive daytime sleepiness (ESS>10) and insomnia (WHIIRS>10) were reported by
20% and 6.3% of the sample, respectively. ESS scores were higher in individuals reporting more
physical activity (Estimate=1.88; 95% CI=1.12 to 2.75), higher material wealth (0.18; 0.09 to
0.28), and asthma (2.85; 1.25 to 4.51). ESS scores were lower in individuals residing in periurban
versus urban regions (—1.43; —2.39 to —0.41), reporting no work versus day shift work (-2.26;
-3.07 to —1.41), and reporting greater perceived stress (-0.14; —0.23 to —0.06). WHIIRS scores
were lower in individuals reporting “other” shift work (split/irregular/on-call/rotating) versus day
shift work (-1.96; —2.89 to —1.14) and those who perceived their village’s wealth to be poor/
average versus wealthy (-=0.94; —1.50 to —0.34).

Conclusions: Participants had a generally higher prevalence of excessive daytime sleepiness,
but lower prevalence of insomnia, compared with individuals from high-income countries. Factors
associated with sleep health differed compared with prior studies, emphasizing potential cultural/
environmental differences and the need for targeted interventions to improve sleep health in this
setting.
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1.

Women’s Health Initiative Insomnia Rating Scale (WHIIRS); Epworth Sleepiness Scale (ESS);
sleep health; Pacific Islander

Introduction

Daytime sleepiness and sleep quality, including insomnia symptoms, are important public
health issues given their associations with traffic/workplace accidents, cardiometabolic
diseases, and mortality [1-3]. There are several social factors associated with sleep health,
including those indexed by race/ethnicity [1, 4]. Notably, Pacific Islanders in high-income
countries experience a high prevalence of sleep disturbances [5-7]. For example, as part of
the Native Hawaiian and Pacific Islander National Health Interview Survey, individuals in
the United States (US) who self-identified as Native Hawaiian or Pacific Islander reported
shorter sleep duration and poorer sleep quality than individuals who self-identified as White
[7]. Both were independently associated with hypertension and diabetes, highlighting the
importance of sleep for health and wellness among this population [7]. Likewise, in New

Zealand, Maori and Pacific peoples were particularly likely to report short sleep duration (<7
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h), which was negatively associated with psychological well-being regardless of health and
personality factors [8].

Unfortunately, little high-quality sleep data from individuals residing in low- and
middle-income countries exists [9], including the Pacific Island nation of Samoa. Sleep
environments in low- and middle-income countries differ from high-income countries in
ways that may positively or negatively impact sleep health. In Samoa, (1) exposure to heat/
humidity/rain in traditional open-air fales (homes), (2) time-consuming work-related travel
if an individual’s residence is beyond the single urban center, (3) differences in ambient
lighting across geographic regions (i.e., rural versus urban), (4) large, multigenerational
families (many people sharing rooms/beds for sleeping), and (5) sleeping on fale moe
(palm mats) may all contribute to a sleep health risk profile that differs from high-income
populations.

Potentially contributing to poor sleep quality and daytime sleepiness, Samoa has the 8th
highest percentage of adult obesity in the world [10]; in 2013 (the most recent data
available) 53.1% of men and 76.7% of women had obesity based on a BMI =30 kg/m? [11].
This is attributable in large part to rapid economic and nutritional transition characterized by
increased access to micronutrient-poor, energy-dense foods and a decrease in subsistence-
related physical activity [12]. Obesity has been shown to play a role in sleep health in
high-income countries [13, 14], but it is unclear if this association exists in low- and
middle-income countries such as Samoa where obesity prevalence is high. Therefore, the
purpose of this study was to provide the first-ever description of daytime sleepiness and
insomnia among adults from Samoa, including the identification of potentially modifiable
factors associated with these measures.

2. Materials and methods

2.1. Study design, setting, and sample

This was a secondary analysis of data collected as part of the 2017-2019 Soifua

Manuia (“Good Health”) study, which aimed to characterize the impact of a genetic
variant (rs373863828, c.1370G>A, p.R457Q) in CREB3 Regulatory Factor (CREBRF)

on metabolic and behavioral traits in adults from Samoa [15-17]. The study protocol is
described in detail elsewhere [17]. In brief, participants were purposively recruited based
on their earlier participation in a 2010 genome-wide association study [18]. Recruitment
procedures included intentional oversampling of the CREBRF obesity-risk allele (A) [17,
18]. Participants from the island of ‘Upolu, residing in the Apia Urban Area (AUA, urban),
Northwest ‘Upolu (NWU, periurban), and Rest of ‘Upolu (ROU, rural) census regions
were included. Exclusion criteria included (1) pregnancy, giving birth within 6 months,

or current lactation, (2) physical or cognitive impairment preventing full participation,

or (3) use of weight loss medications, history of weight loss surgery, or weight loss

of >5% of body weight in the past year. Research assistants attempted to contact 770
participants, and screened 555; 519 (n7= 286 female) were eligible and participated in data
collection [17]. The study was approved by Institutional Review Boards at Yale University,
Brown University, the University of Pittsburgh, Mass General Brigham (formerly Partners
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Healthcare), and the Health Research Committee of the Samoa Ministry of Health. All
participants gave written informed consent.

Participant characteristics

Participants completed extensive physical assessments and comprehensive questionnaires
administered by trained, bilingual Samoan research assistants [17]. Variables used in this
analysis included those significantly associated with insomnia or daytime sleepiness in
the literature (e.g., work schedule [19]) and those unique to the Samoan population (e.g.,
number of household assets, community spirit, census region of residence).

2.2.1. Biological factors and health history—Age and sex were self-reported.
Weight and height were measured in duplicate to the nearest 0.1 kg and 0.1 cm using

a digital weighing scale (Tanita HD 351; Tanita Corporation of America) and portable
stadiometer (SECA 213, Seca GmbH & Co), averaged, and used to compute BMI.
Abdominal circumference was measured in duplicate to the nearest 0.1 cm at the level

of the umbilicus and averaged. CREBRF rs373863828 genotype data, generated via TagMan
real-time PCR (Applied Biosystems), came from the earlier 2010 GWAS study [16]. Based
on current use of diabetes medication or Hemoglobin Alc (HbAlc) values, participants
were categorized as having no diabetes (no diabetes medication and HbAlc <5.7%), pre-
diabetes (no diabetes medication and HbA1lc of 5.7-6.4%), or type 2 diabetes (diabetes
medication and/or HbA1c>6.4%). Blood pressure (BP) was measured in triplicate and the
second and third values averaged for analyses. Hypertension was defined as an average

BP >140/90 mmHg, in line with local diagnostic criteria, or hypertension medication use.
Asthma diagnoses were self-reported by participants. The Short Form-8 (SF-8) was used to
assess perceived physical and mental health using the Physical Health Component Score and
Mental Health Component Score summary measures. Both result in values of 0-100 with
higher scores indicating better perceived health [20].

2.2.2. Sociodemographic and behavioral factors—Census region of residence was
based on the three geographic regions described above (AUA/NWU/ROU). A material
lifestyle score, a proxy for socioeconomic resources used extensively in Samoa, was
computed as the sum of items owned from an 18-item household inventory (refrigerator,
freezer, portable stereo/MP3 player, etc.) [17]. Additional self-reported sociodemographic
factors included years of education, relationship status (partnered/not partnered), children
at home (yes/no), and work schedule (due to low cell count, categorized as day shift/
afternoon; night shift/other [split/irregular/on call/rotating shifts]; or does not work). The
Global Physical Activity Questionnaire was used to estimate self-reported daily moderate-
to-vigorous physical activity (MVPA) minutes [21] (dichotomized as 0/>0 MVPA minutes
based on an extreme floor effect seen in this population).

Additional social data of interest included home ownership (own/rent), smoking (current use
of cigarettes, tobacco, or pipe; yes/no), and consumption of alcohol in the last 12 months
(yes/no). Participants also reported their perception of the wealth and community spirit

of their village of residence (poor-average/wealthy and low-average/strong, respectively).
Psychosocial variables included perceived stress, social conflict, and social support.
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Perceived stress was measured using Cohen’s Perceived Stress Scale (scores 0 to 40) [22]
and social conflict was measured using the Perceived Social Conflict Score (scores from 6
to 30) [23]; higher scores indicated higher perceived stress and social conflict, respectively.
Finally, the total score of the Multidimensional Scale of Perceived Social Support (MSPSS,
scores 1 to 5), which includes questions related to support from family, friends, and an
individual’s significant other, was used to measure social support, with higher scores
indicating more perceived support [24]. Additional details of the questionnaires and
variables of interest are provided in Supplementary Information (Sl, Table S1).

2.2.3. Sleep measures—Primary sleep outcomes (i.e., dependent variables) included
self-reported daytime sleepiness and insomnia symptoms (sleep quality) measured using the
Epworth Sleepiness Scale (ESS) [25] and the Women’s Health Initiative Insomnia Rating
Scale (WHIIRS) [26]. The ESS and WHIIRS range from 0 to 24 and 0 to 20, respectively,
with higher scores indicating greater severity of daytime sleepiness or insomnia. Though
these tools had not been used in Samoa previously, the ESS has an alpha coefficient of 0.88
and test-retest reliability coefficient of 0.82 (5 months apart) [27]. Likewise, the WHIIRS is
valid in a variety of populations with an alpha coefficient of 0.78 and test-retest reliability
coefficients of 0.96 (same-day administration) and 0.66 (=1 year apart) [26].

Additional sleep measures of interest included categorical excessive daytime sleepiness and
insomnia (yes/no) calculated using ESS and WHIIRS cut points of >10 as applied elsewhere
[4]; self-reported chronotype (morning person, evening person); self-reported use of sleeping
pills in the past four weeks (yes/no); and self-reported sleep duration per weeknight or
weekday (depending on work schedule) both as a continuous variable, and categorized as
short sleep (<6 h [4]), sufficient sleep (6-9 h), or long sleep (>9 h [28]).

2.3. Statistical analyses

All statistical analyses were performed in R version 3.6.0. Standard descriptive statistics
were computed including means, standard deviations (SD), medians, and minimum/
maximum values for continuous variables and frequency counts and percentages for
categorical variables. Data were examined graphically and statistically to identify outliers
and assess patterns of missing data. Within-domain imputation was performed using the
mice package [29] in R for continuous summary score variables with a missingness of
5-10% (i.e., SF-8 Physical and Mental Health, material lifestyle score, Cohen’s Perceived
Stress Scale, the MSPSS, Perceived Social Conflict Score, ESS, and WHIIRS) as detailed
in the Sl (Table S2), and sensitivity analyses were performed to assess the influence of
imputation.

Preliminary analyses were performed to evaluate bivariate associations between participant
factors and sleep outcomes (ESS and WHIIRS). Depending on variable type and
distribution, relationships were evaluated using Pearson or Spearman correlations, t-tests,

or one-way analysis of variance (ANOVA). Where the assumption of constant variance was
violated, Welch’s one-way analysis of means was used to evaluate relationships between
groups. Given sex-specific health differences in the Samoan population [11, 15], and the role
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of sex in sleep health [30], bivariate analyses were performed both for the overall sample
and stratified by sex.

As the first study to examine sleep health in the Samoan population, and without strong
theory to support a priori modeling, multiple linear regression and backwards elimination
with Akaike information criterion (AIC) was used for variable selection [31], treating

ESS or WHIIRS as the outcome variables. Based on the results of bivariate analyses
(suggesting few ESS- or WHIIRS-related sex differences in this sample as summarized
below), sex stratification was not carried forward for the multivariable modeling so that
the largest sample size could be retained. However, sex was included as a covariate in

all regression models along with age, BMI, census region, and rs373863828 genotype
(additively coded based on number of minor allele (A) copies) based on a priori knowledge
of the Samoan population or to adjust for study design. Additional variables of interest
included those described above. Only individuals with complete data post-imputation for
all 28 variables of interest could be included in the multivariable modeling (n = 443),
making the global model number of events per variable (EPVgjopar) 443/28=15.8. Given the
potential for variable-selection bias and issues associated with the use of the same data set
for both variable selection and post-selection inference, a bootstrap stability investigation
was performed to both assess the impact of variable selection and perform multi-model
inference as recommended by Heinze, Wallisch, and Dunkler [31]. As part of this process,
the bootstrap-inclusion frequency was calculated for each variable of interest and variation
in regression coefficients around the full model estimates was assessed using bootstrapped
resamples, repeating the backwards elimination selection procedure 1000 times.

Coefficients and 95% confidence intervals (CI) were reported for the global model
(including all input variables of interest) and the selected model (including variables

chosen by backwards elimination). Final multi-model coefficients and 95% CI used for
inference were reported as the median of the bootstrap distribution with multiple comparison
interpretation built into the modeling approach. The root mean squared difference (RMSD)
ratio, relative conditional bias, and model selection frequencies were calculated to further
assess variable-selection bias as described in the Sl. Selected model assessment was
performed using residual analysis, collinearity, and influence diagnostics. To stabilize
regression parameters, variables were collapsed as described above and further detailed in
the Sl (Table S1).

3. Results

3.1. Sample characteristics and unadjusted analyses

The overall sample consisted of 519 participants (55.1% female) with a mean (£SD) age
of 52.2 (+10.0) years and BMI of 35.8 (+7.7) kg/m? (Table 1). ESS scores ranged from 0
to 16 with a mean score of 6.9 (x4.1) with 20.0% of individuals meeting the threshold for
excessive daytime sleepiness (ESS >10 [4]). WHIIRS scores ranged from 0 to 16 with a
mean score of 6.5 (+2.7) with 6.3% of individuals having a WHIIRS score consistent with
clinical thresholds for insomnia (WHIIRS >10 [4]).
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The results of bivariate analyses examining associations between participant characteristics
and sleep outcomes for the overall sample, and stratified by sex, are presented in the Sl

for ESS (Table S3) and WHIIRS (Table S4). Of note, statistically significant unadjusted
differences in daytime sleepiness were observed across several factors. Specifically, ESS
scores were: higher in males than females; higher with each copy of the rs373863828 minor
allele (A); higher in those with asthma than without; negatively correlated with self-reported
physical health; lowest in individuals residing in NWU (periurban); positively correlated
with material lifestyle score; higher in individuals reporting >0 MVPA minutes/day; highest
in individuals with afternoon/night work schedules and second highest in the “other” shift
work (i.e., split/irregular/on call/rotating shifts); higher in individuals who smoked and
consumed alcohol than those who did not; higher in individuals who perceive their village
spirit to be weak/average; negatively correlated with perceived stress; positively correlated
with perceived social support; and higher in individuals who reported being an “evening
person”. With the exception of potential sex-specific differences in ESS scores based on
SF-8 Physical and Mental health, alcohol consumption, social support, and chronotype, the
results were generally concordant between sexes (Table S3).

Based on bivariate analyses, WHIIRS scores were: positively correlated with BMI,
abdominal circumference, and years of education; highest in individuals residing in NWU
(periurban); lowest in individuals with “other” shift work (split/irregular/on-call/rotating);
and lower in individuals who perceived their village wealth or spirit to be poor/average

or weak/average, respectively. With the exception of potential sex-specific differences in
WHIIRS scores based on diabetes status, perceived social, and sleep duration, the results
were generally concordant between sexes (Table S4). The correlation between ESS and
WHIIRS scores was Pearson /R=—0.08 (p= 0.08, Figure S1).

3.2. \Variable selection and sleep outcome modeling

3.2.1. ESS—In modeling the ESS, all variables listed in Table 2 were considered in

the variable selection algorithm. In addition to the variables forced into all models (age,
sex, BMI, rs373863828 genotype, and census region), the backward elimination approach
selected a model including self-reported physical activity, work schedule, material lifestyle
score, perceived stress, asthma, self-reported physical health, abdominal circumference,
chronotype, children at home, and perceived village spirit as independent variables (Table
2). Of the variables selected, census region, physical activity, work schedule, material
lifestyle score, perceived stress, and asthma diagnosis were significantly associated with
the ESS. Specifically, ESS scores were higher in individuals who reported >0 min of
MVPA than those reporting 0 min of MVPA (Est=1.88; 95% CI=1.12 to 2.75), individuals
with higher material lifestyle scores (Est=0.18 per unit change; 95% CI1=0.09 to 0.28),

and individuals with asthma compared to those without (Est=2.85; 95% CI=1.25 to 4.51).
ESS scores were lower in individuals residing in NWU compared with AUA (Est=—1.43;
95% CI=-2.39 to -0.41), individuals who reported no work compared with day shift
work (Est=-2.26; 95% C1=-3.07 to —1.41), and individuals who reported higher perceived
stress (Est=—0.14; 95% CI=-0.23 to —0.06 per unit change). RMSD ratios >1 underscored
inflation for some variables with lower selection certainty, though this is expected in
complex human data sets [31]. The relative conditional bias was negligible for variables
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with an inclusion frequency >90%, but more apparent in variables with lower selection
certainty. Of note, the final bootstrap estimates resembled the selected model and global
model estimates for all but the sex variable, indicating very little selection bias in the final
aggregated model.

3.2.2. WHIIRS—In modeling the WHIIRS all variables listed in Table 3 were considered
in the variable selection algorithm. In addition to the forced variables (described above), the
backward elimination approach selected work schedule, perceived village wealth, perceived
social support, children at home, asthma diagnosis, home ownership status, perceived village
spirit, and use of sleeping pills as independent variables (Table 3). Of the selected variables,
only work schedule and perceived village wealth were significantly associated with the
WHIIRS. Specifically, WHIIRS scores were lower in individuals who reported *“other” work
schedules (i.e., split, irregular/on-call, or rotating shifts) compared with day shift work
(Est=-1.96; 95% CI=-2.89 to —1.14) and individuals who perceived their village’s wealth
to be poor/average compared with wealthy (Est=—0.94; 95% CIl=-1.50 to —0.34). Model
diagnostics were similar to those described above, with the exception of generally higher
relative conditional bias.

4. Discussion

The prevalence of daytime sleepiness and insomnia — as well as factors associated with
these measures — differed in this study compared with high-income countries, highlighting
a critical gap in knowledge about sleep health in low- and middle-income settings.
Specifically, with the exception of Maori individuals from New Zealand [32, 33], Samoan
adults in this study had a generally higher prevalence, 20.0%, of excessive daytime
sleepiness (ESS>10) compared with individuals from high-income countries. Comparatively,
in a sample of older US adults, excessive daytime sleepiness prevalence by self-identified
race/ethnicity was 18.8% in Black individuals, 13.6% in Hispanic individuals, 11.4% in
White individuals, and 11.1% in Chinese individuals [4]. In a large community-based study
of healthy individuals in New Zealand, the majority of whom were of European ancestry
(81%), only 8.8% of individuals were found to have excessive daytime sleepiness [34],
though this report is not population-representative as it is from blood donors (i.e., healthy
donor effect). In a stratified random sample of Maori and non-Maori adults in New Zealand,
however, 14.8% of participants reported an ESS>10 with excessive daytime sleepiness
significantly higher in Maori individuals (21.3%) than non-Maori (13.9%) [33], a prevalence
similar to that observed in the current study. A similar finding was observed in a larger
stratified random sample of adults in New Zealand, in which ESS>10 were observed in
23.7% of Maori individuals compared with only 13.9% of non-Maori individuals [32].

In contrast, study participants had a lower prevalence of insomnia, 6.3%, compared with
individuals from high-income countries. For example, in the same US study described
above, insomnia (WHIIRS>10) prevalence was 26.5% in Hispanic individuals, 25.0% in
Black individuals, 22.5% in White individuals, and 16.0% in Chinese individuals [4]. Of
healthy individuals in the New Zealand study, 20.4% met criteria for primary insomnia
based on the Diagnostic and Statistical Manual of Mental Disorders (DSM-1V) and
International Classification of Sleep Disorders [34].
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Of note, work schedule was the only variable significantly associated with both the ESS and
WHIIRS. In multivariable analyses, day shift workers reported higher daytime sleepiness
than those who did not work, as well as greater insomnia compared with those who worked
“other” shifts (i.e., split, irregular/on-call, rotating). This latter observation contrasts with
observations in high-income countries in which insomnia is more frequently observed in
shift workers [19]. In post hoc analyses comparing responses to each of the four questions
that make up the WHIIRS between day shift and other shift workers, the observation appears
to be driven by problems of sleep maintenance rather than sleep latency, either reflecting
impact of homeostatic drive or an environmental disturbance in day shift workers (e.g.,
schedule clashes between household members).

In the ESS model, along with work schedule, asthma diagnosis and self-reported physical
activity had the strongest associations with daytime sleepiness. A relationship between
sleepiness and asthma has been reported previously, and is attributed to potential sleep
disruption from nocturnal bronchospasm or gastro-esophageal reflux, or to co-morbidities
such as obesity and sleep apnea [35]. Very little data has been collected on asthma
prevalence in Samoa and, like many low- and middle-income settings, it is likely
underdiagnosed. It would be worth investigating whether asthma plays a role in other sleep
disturbances in Samoa. Unexpectedly, sleepiness was also more common in individuals
reporting higher levels of daily physical activity, which counters the notion that physical
activity improves sleep health and reduces symptoms of daytime sleepiness [36]. In contrast
to high-income countries where physical activity is often a leisure activity, physical activity
in Samoa is traditionally work-related. Differences in the impact of leisure and work-
related physical activity on sleep have been reported in Hispanic/Latino adults in the US,
with shorter sleep duration reported in relationship to work-related but not leisure-related
physical activity [37]. Perceived physical activity in Samoa tends to be highest among those
engaged in subsistence farming and fishing activities, which often begin early in the morning
to avoid the heat of the later day [38]. This may explain our observation — particularly

if daily wake time and chronotype are mismatched. These findings should, however, be
interpreted with caution given the usually imperfect correlation between perceived and
observed physical activity in this setting [39].

Other variables associated with ESS scores included census region, perceived stress,

and material lifestyle scores. In the absence of collinearity with social variables or
physical activity, additional research is needed to better understand whether the lower
daytime sleepiness observed in the periurban NWU region compared to the urban AUA
region is due to differences in rest-activity-rhythms, occupation/commuting, differences in
ambient lighting, and/or additional unobserved factors between geographic regions. The
observation of less sleepiness in individuals reporting greater perceived stress conflicts
with existing literature in high-income countries suggesting a positive association between
stress and sleepiness [40]. A potential explanation could be that higher stress may result
in hypervigilance, which in these communities may have alerting effects that counter the
negative effects of poor sleep quality typically associated with stress. This hypervigilance
theory would likely result in more insomnia symptoms, however, which was not observed.
The observation of higher daytime sleepiness in individuals with higher material lifestyle
scores (suggesting greater socioeconomic resources) is also in direct contrast with research
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in New Zealand in which greater daytime sleepiness was observed in lower income
individuals [32]. It is possible that this observation is due to differences in societal support
between the two countries. For example, in Samoa, support networks are very strong in
communities with traditional culture, which could decrease the amount of stress traditionally
associated with fewer economic resources in high-income countries. Alternatively, there
could be greater expectations from the community on those with, or having the appearance
of, greater socioeconomic resources (e.g., fa’alavelave, offering financial support to a family,
village, or church event such as a funeral), leading to higher stress and poorer sleep health.

In the WHIIRS-specific model, the only variables that had a statistically significant
association with insomnia included work schedule as discussed above, and perceived village
wealth. Specifically, lower WHIIRS scores were observed in individuals who perceived
their village wealth to be poor/average. This observation, paired with perceived village
spirit (which had the same direction of association but was not statistically significant),
generally conflicts with research in high-income countries. For example, in the US, adverse
neighborhood factors have been associated with a higher prevalence of insomnia in a
Hispanic/Latino population [41] and low neighborhood social cohesion has been associated
with shorter sleep duration in Native Hawaiian and Pacific Islanders [6]. Qualitative research
is needed to better understand the perceived village wealth and spirit variables examined
here, including their potential utility for improving health and sleep outcomes.

Other unexpected findings surrounded adiposity measures, sleep duration, and rs373863828
genotype. While adiposity measures were associated with WHIIRS scores in bivariate
analyses, these associations did not persist in multivariable modeling and were not observed
for ESS across the study. It is possible that because the mean BMI and abdominal
circumference of the sample was so high, there was some degree of obesity-related sleep
disturbance for all participants. Likewise, in the multivariable analyses, sleep duration

was not found to be important in explaining sleep outcomes in this sample which was
unexpected. Even when evaluating the typical ‘u-shaped’ distribution of sleep duration

by categorizing individuals reporting short sleep (<6 h), sufficient sleep (6-9 h), or long
sleep (>9 h) (as well as a variety of other cutoff points in post hoc analyses), there

was no difference in the ESS scores between groups in bivariate analyses (Table S3). In
contrast, we did observe marginally lower WHIIRS scores in the short (< 6 h) and long
sleep (>9 h) groups in men, but not women (Table S4). Finally, CREBRF rs373863828
genotype was found to be significantly associated with ESS scores in bivariate but not
multivariable analyses controlling for BMI, abdominal circumference, and diabetes status.
While regression diagnostics suggest no collinearity between genotype and adiposity
measures, it is possible that the inclusion of these other variables absorbs variation related to
genotype, but no substantive conclusion can be made.

Of note, strengths of this study included the focus on Samoan adults, an underrepresented
population in sleep research specifically and health research more generally, and a rigorous
variable selection and analytical approach, providing de-biased multi-model inferences.
Weaknesses included the cross-sectional and descriptive nature of this study and the non-
representative sampling approach taken for the 2017-2019 wave of data collection described
above, which potentially limits the generalizability of the presented findings.

Sleep Epidemiol. Author manuscript; available in PMC 2022 December 01.
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5. Conclusion

This sample of Samoan adults had a generally higher prevalence of excessive daytime
sleepiness, but lower prevalence of insomnia, compared with individuals from high-income
countries. Participant factors, particularly work schedule, self-reported physical activity,
asthma, and geographic region of residence showed strong associations with the ESS and
may assist in identifying those at risk for daytime sleepiness. Many observations differed
from those in high-income countries underscoring vast potential cultural or environmental
differences in the drivers of sleep health. Given the role of sleep in metabolic health, and the
unexpected differences observed here, more research and contextually targeted interventions
to improve sleep practices in this already high-risk population are needed.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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BMI Body mass index

HbA1c Hemoglobin Alc

BP Blood pressure

MVPA moderate to vigorous physical activity
SF-8 Short form 8

MSPSS Multidimensional scale of perceived social support
AlC Akaike information criterion
EPVyiobal Events per variable

ANOVA One-way analysis of variance

Cl Confidence intervals

RMSD Root mean squared difference

Si Supplementary information

SD Standard deviation
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References

[1]. Grandner MA. Sleep, health, and society. Sleep Med Clin 2017;12:1-22. [PubMed: 28159089]

[2]. Bertisch SM, Pollock BD, Mittleman MA, et al. Insomnia with objective short sleep duration and
risk of incident cardiovascular disease and all-cause mortality: sleep Heart Health Study. Sleep
2018;41 Epub ahead of print June. doi: 10.1093/sleep/zsy047.

[3]. Newman AB, Spiekerman CF, Enright P, et al. Daytime sleepiness predicts mortality and
cardiovascular disease in older adults. The Cardiovascular Health Study Research Group. J Am
Geriatr Soc 2000;48:115-23. [PubMed: 10682939]

[4]. Chen X, Wang R, Zee P, et al. Racial/Ethnic Differences in Sleep Disturbances: the Multi-Ethnic
Study of Atherosclerosis (MESA). Sleep 2015;38:877-88. [PubMed: 25409106]

[5]. Reyes-Salvail F, Liang S, McKnight-Eily L. Sleep related prevalence and associations with
selected health indicators. Hawaii State, Department of Health Special Report 2010. http://
health.hawaii.gov/brfss/files/2013/11/Sleep_related.pdf (, accessed 14 April 2021).

[6]. Young MC, Gerber MW, Ash T, et al. Neighborhood social cohesion and sleep outcomes in the
Native Hawaiian and Pacific Islander National Health Interview Survey. Sleep 2018;41 Epub
ahead of print 1 September. doi: 10.1093/sleep/zsy097.

[7]. Matthews EE, Li C, Long CR, et al. Sleep deficiency among Native Hawaiian/Pacific islander,
black, and white Americans and the association with cardiometabolic diseases: analysis of the
National Health interview survey data. Sleep Heal 2018;4:273-83.

[8]. Lee CH, Sibley CG. Sleep duration and psychological well-being among New Zealanders. Sleep
Heal 2019;5:606-14.

[9]. Simonelli G, Marshall NS, Grillakis A, et al. Sleep health epidemiology in low and middle-income
countries: a systematic review and meta-analysis of the prevalence of poor sleep quality and sleep
duration. Sleep Heal 2018;4:239-50.

[10]. Britannica. Global Obesity Levels, https://obesity.procon.org/global-obesity-levels/ (accessed 8
April 2021).

Sleep Epidemiol. Author manuscript; available in PMC 2022 December 01.


http://health.hawaii.gov/brfss/files/2013/11/Sleep_related.pdf
http://health.hawaii.gov/brfss/files/2013/11/Sleep_related.pdf
https://obesity.procon.org/global-obesity-levels/

1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Heinsberg et al.

[11].

[12].

[13].

[14].

[15].

[16].

[17].

[18].

[19].

[20].

[21].

[22].
[23].
[24].
[25].
[26].
[27].

[28].

[29].

[30].

[31].

[32].

Page 13

Lin S, Naseri T, Linhart C, et al. Trends in diabetes and obesity in Samoa over 35 years, 1978-
2013. Diabet Med 2017;34:654—-61. [PubMed: 27505623]

Seiden A, Hawley NL, Schulz D, et al. Long-term trends in food availability, food prices, and
obesity in Samoa. Am J Hum Biol Off J Hum Biol Counc 2012;24:286-95.

Fernandez-Mendoza J, Vgontzas AN, Kritikou I, et al. Natural history of excessive daytime
sleepiness: role of obesity, weight loss, depression, and sleep propensity. Sleep 2015;38:351-60.
[PubMed: 25581913]

Ogilvie RP, Patel SR. The epidemiology of sleep and obesity. Sleep Heal 2017;3:383-8.

Hawley NL, Minster RL, Weeks DE, et al. Prevalence of adiposity and associated
cardiometabolic risk factors in the samoan genome-wide association study. Am J Hum Biol
2014;26:491-501. [PubMed: 24799123]

Minster RL, Hawley NL, Su CT, et al. A thrifty variant in CREBRF strongly influences body
mass index in Samoans. Nat Genet 2016;48:1049-54. [PubMed: 27455349]

Hawley NL, Pomer A, Rivara AC, et al. Exploring the Paradoxical Relationship of a Creb

3 regulatory factor missense variant with body mass index and diabetes among Samoans:
protocol for the Soifua Manuia (Good Health) observational cohort study. JMIR Res Protoc
2020;9:17329. [PubMed: 32706746]

Hawley NL, Minster RL, Weeks DE, et al. Prevalence of adiposity and associated
cardiometabolic risk factors in the samoan genome-wide association study. Am J Hum Biol
2014;26:491-501. [PubMed: 24799123]

Valliéres A, Azaiez A, Moreau V, et al. Insomnia in shift work. Sleep Med 2014;15:1440-8.
[PubMed: 25277664]

Ware J, Kosinski M, Dewey J, et al. How to score and interpret single-item health status
measures: a manual for users of the of the SF-8 Health survey (with a supplement on the SF-6
Health Survey).

Cleland CL, Hunter RF, Kee F, et al. Validity of the Global Physical Activity Questionnaire
(GPAQ) in assessing levels and change in moderate-vigorous physical activity and sedentary
behaviour. BMC Public Health 2014;14:1255. [PubMed: 25492375]

Cohen S, Kamarck T, Mermelstein R. A global measure of perceived stress. J Health Soc Behav
1983;24:385-96. [PubMed: 6668417]

O’Brien K, Wortman CB, Kessler RC, et al. Social relationships of men at risk for AIDS. Soc Sci
Med 1993;36:1161-7. [PubMed: 8511645]

Zimet GD, Dahlem NW, Zimet SG, et al. The multidimensional scale of perceived social support.
J Pers Assess 1988;52:30-41.

Johns MW. A new method for measuring daytime sleepiness: the epworth sleepiness scale. Sleep
1991;14:540-5. [PubMed: 1798888]

Levine DW, Kripke DF, Kaplan RM, et al. Reliability and validity of the Women’s health
initiative insomnia rating scale. Psychol Assess 2003;15:137-48. [PubMed: 12847774]

Johns MW. Reliability and factor analysis of the epworth sleepiness scale. Sleep 1992;15:376-81.
[PubMed: 1519015]

Watson NF, Badr MS, Belenky G, et al. Recommended amount of sleep for a healthy adult: a
joint consensus statement of the American academy of sleep medicine and sleep research society.
Sleep 2015;38:843-4. [PubMed: 26039963]

van Buuren S, Groothuis-Oudshoorn K. mice: multivariate imputation by chained equations in R.
J Stat Software 2011;1 (3) Epub ahead of print. doi: 10.18637/jss.v045.i03.

Mallampalli MP, Carter CL. Exploring sex and gender differences in sleep health: a society

for Women’s Health research report. J Womens Health (Larchmt) 2014;23:553-62. [PubMed:
24956068]

Heinze G, Wallisch C, Dunkler D. Variable selection - a review and recommendations for the
practicing statistician. Biom J 2018;60:431-49. [PubMed: 29292533]

Gander PH, Marshall NS, Harris R, et al. The Epworth sleepiness scale: influence of age,
ethnicity, and socioeconomic deprivation. Epworth Sleepiness scores of adults in New Zealand.
Sleep 2005;28:249-53. [PubMed: 16171250]

Sleep Epidemiol. Author manuscript; available in PMC 2022 December 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Heinsberg et al.

[33].

[34].

[35].

[36].

[37].

[38].

[39].

[40].

[41].

Page 14

Paine S-J, Gander PH, Harris RB, et al. Prevalence and consequences of insomnia in New
Zealand: disparities between Maori and non-Maori. Aust N Z J Public Health 2005;29:22-8.
[PubMed: 15782867]

Wilsmore BR, Grunstein RR, Fransen M, et al. Sleep habits, insomnia, and daytime sleepiness
in a large and healthy community-based sample of New Zealanders. J Clin sleep Med JCSM Off
Publ Am Acad Sleep Med 2013;9:559-66.

Braido F, Baiardini I, Ferrando M, et al. The prevalence of sleep impairments and predictors of
sleep quality among patients with asthma. J Asthma 2021;58:481-7. [PubMed: 31903810]

Chasens ER, Sereika SM, Weaver TE, et al. Daytime sleepiness, exercise, and physical function
in older adults. J Sleep Res 2007;16:60-5. [PubMed: 17309764]

Tom SE, Brown JP, Avilés-Santa ML, et al. Self-reported sleep duration is associated with time in
work physical activity but not transportation or leisure physical activity among Hispanic/Latino
adults in the U.S.: results from the Hispanic Community Health Study/Study of Latinos. Sleep
Heal 2020;6:306-13.

Zarei P Accelerometer-measured physical activity and sedentary time among samoan adults
and associations with type 2 diabetes and hypertension. Yale University; 2020 https://
elischolar.library.yale.edu/ysphtdl/2010.

Brahmbhatt D So you think you can exercise: the gap between exercise confidence and physical
activity among samoan adults. Yale University; 2019 https://elischolar.library.yale.edu/ysphtdl/
1859.

Kashani M, Eliasson A, Vernalis M. Perceived stress correlates with disturbed sleep: a link
connecting stress and cardiovascular disease. Stress 2012;15:45-51. [PubMed: 21682656]
Simonelli G, Dudley KA, Weng J, et al. Neighborhood factors as predictors of poor sleep in the
suefio ancillary study of the hispanic community health study/study of Latinos. Sleep 2017;40
Epub ahead of print January. doi: 10.1093/sleep/zsw025.

Sleep Epidemiol. Author manuscript; available in PMC 2022 December 01.


https://elischolar.library.yale.edu/ysphtdl/2010
https://elischolar.library.yale.edu/ysphtdl/2010
https://elischolar.library.yale.edu/ysphtdl/1859
https://elischolar.library.yale.edu/ysphtdl/1859

Page 15

Heinsberg et al.

(%s°€) 0T
(%5°96) 922

(%6°9) LT
(%Ev¢E) 86
(%8°6S) TLT

(%ev) 2T
(%z'2€) 26
(%€'8Y) 8€T
(%v'ST) v

(%5°8T) €5
(%G'8€) OTT
(%0°ev) €21

(%6'7) ¥T
[o'8/T '6'62] L'STT
(LyT) €9TT

(%6'%) ¥T
[292 902l 8'9¢
(CHADNES

[z'z2 ‘6081 905
(96) 0'1S

(%9°9) €T
(%9°¢6) 8TZ

(%6°0) ¢
(%69'62) 69
(%5°69) 29T

(%r0) T
(%8'82) 29
(%6°8Y) ¥TT
(%6'12) TG

(%9°27) T%
(%716¢) 16
(%e ep) T0T

(%6'0) 2
[§29T ‘5971 60T
(991) 0°0TT

(%6°0) 2
[T09 ‘z0z] €28
(6'9) v'ee

[222° 108l €1
(e'01) 9°€S

(%t'v) €2
(%z'56) v6v

(9%2°€) 6T
(%z'2e) 29T
(%e'v9) ece

(%s2) €T
(%9°0¢) 65T
(%9°8Y) 262

(%¢€°8T) 56

(%T1°81) 6
(%L°8€) T0Z
(%eer) vz

(%1°€) 9T
[o8sT'59/]1 6°2TT
(6°ST) ¥'€TT

(%1°€) 9T
[2'92z0z] £'5¢
(21) 8's¢

[222°10€] 618
(001) 2°2S

SOA
ON

u?é U ‘ewiyisy
Buissiin

SOA

ON

Q?\cv U ‘uoisusuadAH

Buissiin

SOA

salagelp-ald

ON

(%) U 'saisqeId

vy
ov

29

(%) u ‘adAiousb gzge98e/es!
Buissiin

[xeln ‘U] uelpain

(@s) uesy

(W) d2UBIBILNIIID [RUILLOPAY
Buissin

[xeIn ‘U] uelpsin

(as) ueay

(zw/Bx) xapui ssew Apog

[xe ‘unAl] veipsin

(@s) uesy

(s1eak) aby

(982z = u) sajewa

(egz = u) ssleIN

(61 = U) |[_480O

A101s1y Y1jeay pue sio1oey [eaibojolg

Author Manuscript

T alqeL

Author Manuscript

"sonsuajoeleyd ajdwes

Author Manuscript

Author Manuscript

Sleep Epidemiol. Author manuscript; available in PMC 2022 December 01.



Page 16

Heinsberg et al.

(960) 0
(%z'68) 552
(%801) 1€

(%e0) T
(%1'18) 2€2
(%5°8T) €5

(%0) 0
[ooz‘ovlozT
(€911

(%20) 2
[o8T ‘0l 0'8
(6€)6'L

(%0°5€) 00T
(%0ey) €21
(%0°22) €9

(982 = u) sajewad
(%e2) 12

[299 ‘TaTl S vy
(2'6) 5ov

(%e'2) 12
[rzo'eLTl 9Ty

(g8) zey

(%0) 0

(%¥0) T
(%T1°28) €02
(%'2T) 62

(%0) 0
(%0'28) 16T
(%0°8T) 2¥

(%t'0) T
[o6T ‘0l 0'TT
(ze) 60T

(%¥0) T
[ozt'00Tl0L
ey 18s

(%E¥E) 08
(%9'v7¥) 0T
(%0°12) 6V

(e€z = u) sareN
(%07€) 2

[559 ‘6'6T] €5
(6'6) T'L¥

(%0€) £
[Teo'vitl 62w

(e'8) L'ey

(%6°0) Z

(%20 T
(%z'88) 85v
(%9°TT) 09

(%z0) T
(%5'18) €2V
(%¢£°8T) 66

(%z0) T
[o0z ‘0l 02T
Lo

(%69°0) €
[ogT 0l 0L
(o) 08

(%L7€) 08T
(%L°ev) L2z
(%9°72) 21T

(6TG = U) [[e4310
(%v'S) 8¢

[299 ‘zsTl 9%p
(8'6) L9y

(%¥'S) 8¢

[Teo vitleey

(r'8) ey

(%10) ¢

Author Manuscript

Author Manuscript

memto%‘_.tmmv Aunnoe [ea1sAyd

Buissin
SOA
ON

(%) u ‘awoy ye uaip|Iyd

Buissin
paJaulned

paJaupied 10N

(%) u ‘snyess diysuone|ay

Buissin

[xeN ‘utA] ueipsin
(as) ueaiy

(s1eak) uoneonp3
Buissin

[xen ‘ut] uelpain
(as) uesiy

(870 40 S2400s 3]q1ss0d ‘S}asSe PIOYasNOY 40 Jaquinu _Eodnm_oom a1A1s941] [eLIBIRIN

ledni/NOYd
uegnuad/NAN
uequn/vNv

(%) u ‘uoibal snsua)

5101084 [RJ0INRYS] pue 21ydeaBowapoIns

Buissin
[xen ‘unA] ueipsin
(as) ueay

5 (00T—0 40 81095 3]qIssod) 81095 Jusuodwo) YljeaH [eIUSIAl 8-4S

Buissin
[xe ‘uta] ueipsin
(as) uesy

3 (00T—0 40 S3109s 3]qissod) 8109S Jusuodwio) yifeaH |ea1sAyd 8-4S

Buissin

Author Manuscript

Author Manuscript

Sleep Epidemiol. Author manuscript; available in PMC 2022 December 01.



Page 17

Heinsberg et al.

(%02
(%9'69) 66T
(%€'L2) 8L
(%) L

(%0T1) €
(%8°09) vL1
(%0°9€) €01

(%12) 9

(%L0) 2
(%%'8) ¥2
(%6°06) 092

(%g0) T
(%9°22) 61
(%0°22) 902

(%e0) T
(neL) 12
(%€g°26) Y92

(neL) 12
(%5°8€) OTT

(%S'1T) €5
(%8€) 1T
(%8'8¢) TTT

(960) 0
(%v°91) LY
(%9°€8) 6€2

Author Manuscript

(%ro) T
(%8°0L) 59T
(%0°22) €9
(%, 1) v

(%6°0) ¢
(%6'vS) 82T
(%e 0v) v6
(%6°€) 6

(%t'0) T
(%9°€S) 52T
(%6°Sv) 20T

(%0) 0
(%T'1S) 6TT
(%6'8Y) ¥1T

(%6°0) Z
(%t€) 8
(9%.°96) €22

(%t€) 8
(%eve) 08

(%L°2) 8T
(%L v) TT
(%8'6%) 9TT

(%6°0) 2
(%z'8g) 68
(%6°09) ZvT

(%90) €
(%T°0L) ¥9€
(%2'L2) TvT

(%r2) 1T

(%0'1) §
(%2°85) 20€
(%0°8€) 26T

(%62) ST

(%9°0) €
(%¢.°82) 67T
(%L°0L) 19€

(%20 T
(%z'8€) 86T
(%L°79) 0Z€

(%9°0) €
(%9°5) 62
(%8°€6) L8Y

(%9°5) 62
(%9°9¢) 06T

(%8'6) TS
(%ev) 2z
(%Lev) L2z

(%¥0) 2
(%z°92) 9T
(%i'el) 18

Buissin

Buons

abesany

e\

(9%) u ‘1ads abe|jin paniadiad
Buissin

Aurrea

abelany

lo0d

(9) U ‘yiream abe||In paAIadIad
Buissin

SOA

ON

\Ao\ov U ‘|oyodJe sawnsuo)

Buissin

SOA

ON

(%) ustows

Buissin

sjuay

SUMO

(%) u *awioy s1ual 10 SUMO
Buissin

310M Jou s30Q

mﬁm::ﬂo_ 10 ‘[jea-uoyrenBaun ‘nyds] ssy1o
B1Ys ybru/uoouIsyy

uiys Ae@

u?\ov U ‘3]Npayas YoM
Buissin

AKepysainuiw Ajrep VdAIN 0<
Aep/sanuill VAN 0

Author Manuscript

Author Manuscript Author Manuscript

Sleep Epidemiol. Author manuscript; available in PMC 2022 December 01.



Page 18

Heinsberg et al.

(%9'8v) 6ET

[CAR Y
ez
(0's8) €2

(%e) 12
[osT ‘0l 09
(8299

(%22) 22
(%LvT) v
(%9°22) 222

(wL2) e
[o9T ‘0l 0L
(T¥) g9

(982 = u) saewsad
(%eL) 12

[oog ‘09l 0°2T
(89) 921

(%e2) 12
[os‘ztloy
(s0)6€

(%el) 12
[0'8z ‘0] 0°02
(6'%) 7'8T

(%%°29) 22T

(re) 8
(6€)6
(L'26) 912

(%ve) 8
[o9T ‘0] 09
(L2¢e9

(%€) L
(%0'72) 95
(960°€2) 02T

(%€) £
[osT'0]l 08
TnvL

(e€2 = u) safeN
(%07¢) £

[oog ‘09l 09T
(09)oLT

(%0€) L
[os‘otloY
(s0)6¢

(%0°¢) £
[oze ‘ol 06T
(09Tt

(%€°08) 192

(9°9) 62
(09) T
(¥'88) 65

(%9°5) 62
[o9T ‘0] 09
(L2 59

(%9°5) 62
(%6°8T) 86
(%5°G2) z6€

(%9°5) 62
[o9T ‘0l 0L
(T%) 69

(6TG = U) [[e4310
(%v'5) 82

[oog ‘09l 0'9T
(69) €LT

(%t's) 82
[osotloY
(g0 6¢

(%v's) 82
[oze ‘0l 00z
(g9 8Lt

Author Manuscript

Author Manuscript

uosltad Buiuio
(%) u ‘adAyouoiyd
Buissin

0T< ‘SBA

0TS ‘ON

05) U ‘BlUWIOSU
«Qv ! I

Buissin
[xeN ‘utA] ueipain
(as) uesy

5 (0z2—0 40 s2109s 3]qissod) ajeas Hulrey eluwosu| sAlzenIu| Yi[eaH S, USWOAN

Buissin
0T< 'S8A
0TS ‘ON

\mmw:_%m_m awnAep aAISSa9xT

Buissin
[xeN ‘utA] ueipain
(as) uesy

5 (#2—-0 30 Sa100s 3]qissod) ajeas ssauidas|s yromd3

saunseaw das|s
Buissin

[xeN ‘utA] ueipsin
(as) uesy

_(0€-9 J0 531035 3|qIs50d) 81095 1IIJUOD [EII0S PAAIAI]

Buissin
[xen ‘unA] ueipsiy
(as) uesy

5 (5—0 40 sa109s 3|qissod) 1oddns [e190S PaAIadIad JO 9[eIS [euoISUSWIPIINIA

Buissin
[xen ‘uin] ueipsiy
(as) uesy

_ (01040 521005 8]qIss0d) 3[RIS SSA.S PaAIIAI S,UBLOD

Author Manuscript

Author Manuscript

Sleep Epidemiol. Author manuscript; available in PMC 2022 December 01.



Page 19

Heinsberg et al.

‘spoyiawl ay} ur pand syutod nd paystjgnd Buisn uem_:o_mo\

‘(Aep s1dom 10 |00Yds “*a'1) . AepXaam,, B U0 awil axem/awipag fensn s,juedionted Jo 1odal-§|as wolj Uﬁm_:u_mo«

"0T< Ju10d 1IN0 SYIIHAM BuIsn BIUWOSUI 10} SPIOYSaIY) [II1U1D YIA JUB]SISUOD 37 01 pariodal ale Jey) S|aAs] SHIIH/M Uo paseq [eoriobales ‘eluwosu I
"0T< Jutod N0 SS3 U0 paseq ‘ssauldasls awnAep ONISS0X3,

'sypuow T 1sed 8y} ui joyodje Jo uondwinsuod suodai ‘[oyodje mmE:mcooQ

'sadid Jo ‘ssebio ‘sanaebio Jo asn Jualing suodal ‘seyows 5

'siys Bunelos Jo ‘|jea-uoyseinBbalin ‘ds saundes Alobayed . Jayio,, ‘9|npayds v__o>@

"1X31 Ul paqLIasap se saanuiw AuAnoe [eaisAyd snolobia 0y sjedapow Ajrep abelane Jo ainseaw paseq 1odal-§|as ‘AlAoe _S_w\fn_m

*(8191yaA paziiojow pue ‘IauoiIpuod dre ‘uey 91439318 JaIndwod 18]qe} ‘doide) 1o Jaindwod ‘suoyda)al ajiqow ‘sulydew Buiysem ‘Yyonod ‘skeld QAQ 10

YDA ‘UOISIASI3] ‘BuIyaeW BUIMSS ‘19pud)q ‘13009 3011 ‘UBAO aABMOIIW ‘1aKe|d £dIN/08191s aqeniod ‘19z83l) ‘Iojelabiigal) A10JUsAUl PlOYSsNoY Wall-8T U WO PAUMO SWaY! JO WNS ‘9109s 3|A1Sal| __m:m%_\,mQ

'sisouBelp ewyse 0 A101s1y 1odai-y19s ,mEEm,qu

3sN UOIEIIPaW UoIsusLIadAY Jua1IND Jo/pue BHWW 06/01T< anjeA sbeiane ue se paulap ‘uoisuslisdAH

q

1X8) Ul Paq1I0sap Se sanjeA 9TV UIqojBoWaH 10 UOIedIpaLU S818CeIp 4O 8SN JUSLIND UO paseq »m&mgm_n_w

(%0'8) €¢ (%0°€) L (%8') 0g Buissiin
(%v'12) 19 (%.°52) 09 (%eee) 12T U6<
(%T°09) 2LT (%2°29) 9vT (%€ '19) 81 u6-9
(%5'0T) 0€ (%9'8) 0¢ (%9'6) 05 yo9>
\Q%v_mm\s 10 yBiuxsamysinoy pariodal-§1as) [eariobaled uonelnp das|s

(%8) €2 (%0€) L (%8'5) 0g BuIssIn
lost22loL [Lzr'9ctoL [sT'9cloL [xen ‘utN] ueipaiy
(8D)TL (81)69 (81)0°2 (as) ueay
v\ﬁmcv_mm\s 10 JyBiusjgamysinoy paniodal-jas) uoreinp das|s

(%0'8) €¢ (%t€) 8 (%0'9) 1€ Buissin
(%zv) et (%e'y) 0T (%z'v) ez SOA
(%8'.8) 152 (%e'26) GTC (%8'68) 997 ON

(%.°8) Sz
(%L2y) 2zt

Author Manuscript

(%68°9) 9T
(%80v) 56

(%6°2) TY
(%8'1Y) LT2

Author Manuscript

(%) u ‘s)jid Buidasls sasn
Buissin

uosJad Buiusng

Author Manuscript

Author Manuscript

; available in PMC 2022 December 01.

Sleep Epidemiol. Author manuscript



Page 20

Heinsberg et al.

‘njodn, 10158y ‘NOY ‘njodn, 1IS8MyLION ‘NN ‘Baly uegin Bldy ‘YN ‘WnWixew ‘Xe {Wnwiuiw ‘uljy ‘UoleIAsp piepuels ‘s

‘7S 8|qeL ur pajreldp se papnduwi eep

Author Manuscript Author Manuscript Author Manuscript

Author Manuscript

Sleep Epidemiol. Author manuscript; available in PMC 2022 December 01.



Page 21

Heinsberg et al.

uoddng
T 0 €50 0T'9Y 12T 118 w2t IT0- 2GS0  [eI00S PaAIgdiad JO 8|edS [euolsusWwIpiiniA
(Buons=40y)
Sr'T 0 190 16T €21 er'T 0T0- 990 819 ST ZT0- 0.0 afelany 10 >eap ‘HIds abej|IA panIadIsd
6T°C 0 2T €6'TT 8T'T AN 00 OTT 8'e8 62T 8T0 tCT (ON=J8Y) S8A ‘awoy 1e uaip|Iyd
(uostad
vS'T 0 ¥80 80'ST 0z'T €S'T 6T0 980 1'68 67T 210 180  Buluio=y8y) uosiad Bulusng ‘adAlouoiyd
vT0 0 800 880 12T ¥T°0 €00 800 906 vT°0 €00 600 (wo) doUBIBJWNDIID [eUILIOPAY
0 TIT0- L00- Ge'e 9T'T €0°0- TT0- L00- 6'G6 €0°0- TT0- L00- 21003 Jusuodwo) yfeaH [ed1sAyd 8-4S
151 62T 98¢ 80 20T aey 9TT 9.2 7’86 95y 12T 6T (oN=}8Y) SBA ‘BUILISY
90°0- €20- VT0- 0zz- T 80°0- 2C0- STO- 166 10°0- €20- STO- 9]edS $SaIS PAAISdIAd S,UaYoD
(s18ss€ ployasnoy
820 600  8T0 96'T S0'T 120 0T0  6T0 9'66 120 600  8T0 40 J3quinu [e101) 81005 8]A1S841] [e14a1RIN
(Wus
- 06— 922- TTT- 60'T 1ST- 0e- 622 00T 197T- G0'e- 827- Aeq@=y9d) X40M ION $80Q ‘3|NPAYIS IO
(Wys Aeg=yo)
SeT GZT- 900 99'T- €0'T SeT G60-  GT0 00T ITT WT- €00- [reinBa.iinids] Jay10o ‘3NPayYIS YoM
(s Aeg=yo)
¥8'C 250-  8TT 80'G 860 82 €50- GT'T 00T 887 €90- ETT H1US YBIU/UOOUISYY BINPAYIS SO
(Ui
6T TT 88T S0'T 860 {74 eTT €67 00T 0.2 90T 88T 0=43) Ulw 0 < ‘Ajrep senuIW YdAIN
(uegin
1L0  SZT- 820- 126 11T 150 SZT-  vE0- (paouoy) 00T 1.0  8TT- ¥20- /VNV=48Y) [eIN)/NOY ‘uoiBay snsusd
(uequn/vNv=40d)
T'0- 6eC- EYI- 150 S0'T 19'0- 8e'c- 0S'T- (psouoy) 00T 15°0- €T- II- ueganiisd/NAN ‘uoifisy snsuad
780 60'0- /€0 68'8 20T 780 90'0-  6£0 (paa.0y) 00T 180 €T0-  ¥€0 (v=8)8]e Joutw) adAioush gz8e98e ./ Es!
€00  [20- STO- G8'9- 8T'T v0'0- 820- 9T0- (p3ou0y) 00T €0°0- 82°0- 9T0- (zw/B>) xapui ssew Apog
66°0 190- STO 10'8- 66°0 9.0 G9'0-  S00 (paauoy) 00T 10T 890-  LTO (sreN=48Y) 8JeWa ‘x8S
100 100- €00 0T'6- 90T G500 200- 200 (paau0y) 00T 100 100- €00 (s1eaf) aby
LTt we- 90 92'8¢2 Y11 20T 9/T 689 92'0T 18- BTE (1daasau))
(%) (9%) Aouanbaay
Selq [euonipuod uoisnjoul
%UISL6  %UIST 183 anelay  oneJ ASINY  %UISL6  %UIST 153 densioog  9%UISI6  %UIST 153 s10101pald
sarewnnss deuisjooq euid [EJoJo ]V TN eEIBETEIS |apow [eqo|9

*AQurenadoun |apow JO JUBWISSasse

pue 32uaJajul [apow-NjnwW Joy sannuenb paaliap-de1s100q pue ‘[apow paldg|as ‘[apow [eqo]9 :(i7Z 01 0 JO $8109s a|qissod ‘SST) ajeas ssauldas|S yriomd3

Author Manuscript

¢ dlqeL

Author Manuscript

Author Manuscript

Author Manuscript

Sleep Epidemiol. Author manuscript; available in PMC 2022 December 01.



Page 22

Heinsberg et al.

"S[eAI91UI 9UBPIU0J delISI00q UO Paseq souedlyIUBIS [eansiels a1edlpul

san[en papjog ‘g Te=, PaISNIPe L yE=74 ‘|apOW Palos|ss '6'0E=54 PaIsnIpe ‘0°9e=71 ‘|apow [eqo|b ‘8ouasaylp pasenbs uesL 1004 ‘ASIAY S[EAIBIUI 30UBPLIOD 9656 JO SHLLII| Se pajaidialul sa|nuaoIad
UIG' /6 PUB YIG'Z ‘arewnss ‘1s3 ‘A|aA110adsal ‘9z pue / 'z 4O S1010B) UONRIIUI 8UBLIEA U} ‘82USJ3JWINIIID [eUILIOPGe PUB [IAIG 4O UoIdaoXa sy} YIM ‘€ T> [3pOW Palos|as JO SI0108) UOHE|JUI SOURLIBA ||B
‘062°0 Aouanbaly [apow Palos|as ‘506°0 [9poW 4o 103oey abexuLIys payewnsa ‘ABarens ubissp Apnis oy isnlpe o1 Jo uoneindod ueowes ay Jo aBpajMmou L/oL/d & uo paseq S|apow |[e Ul papnjoul Sa|qeLien
S8]eDIpUI ‘Paoloy ‘aoualajul [apoLU-1NW paseq-Buljduwesss Ag paurelqo sjeAlsIul 80USPIIUOD %4G6 JO SHWI| Se palaidialul sa|iusalad YIG' /6 PUe YIG°Z 8yl pue sjewnss uelpaw denisiooq sy a1edlpul ‘sejewnss
densiooq feut {(Uon28[as D1V) LGT°0 JO [9AS] 9URILIUBIS B UM UOIBUIWI|S PJeMI.] BIA PB103]aS ‘9O Pa1daIas {[apowW ay} Ul Papnjoul aJe 1S88)ul JO SB|CRLIBA || USUM SI0LIS PIEPUB)S PUB S81ewIss
31 SMOYS [apoul [eqo]B ‘seiq uoIioa|es ajgelien pue salewisa ay J0 ANjIgels ay ssasse 0} [apow delisiooq [euty ay apisBuofe pajuasald sjapow paiosa|as pue [eqolB ‘e = ¢ ‘suedionted Jo Jaquinu [e1oL

LT 097T- 0 88'9T9- ¥8'0 6'6T 0ST  6ST- S00- (sumo=4ay) s1usy ‘awoy spual 10 SUMQO
(Aepyaam 10 1yBiuxeam
120  220- 0 95 ¥6- 98°0 002 T¢0  8T0- 200 /sinoy papodai-y|ss) uoneinp dss|s
(pauauyred
680  20T- 0 L'SST 880 02 6.0  20T- vTO- 10N=19Y) palaulied ‘snieis diysuonejey
ZUT 0L0- 0 €T'192 98'0 6'CC 60T  1L0- 9TO (oN=j3d) SOA ‘l0Y0d[e SBWNSUOD
60  €50- 0 99'/¥T £6'0 0’62 260  I§0- 120 (oN=J01) SBA ‘s®OWS
810 1T°0- 0 ¥8'6.T S6°0 1'Se 110 0T0- €00 (steak) uoneonp3
800  ¥00- 0 9768 S0'T gTE 800  €00- 200 1025 J01}JU0D [e190S PaAIBdIAd
0  95T- 0 8T'18 0T'T 8'z¢e 8r'0  €9T- 1S50- (oN=y01) oA ‘salaqelq
o TTT- 0 GT'aL 180 8'ze 690  ST'T- €20- (oN=48Y) seraqeIp-a1d ‘saleqeld
60°T 0 0 852¢T 10T 6'€E S0T  TFO-  2€0 (oN=J0) SaA ‘uoIsSUsBHadAH
9|eds
0 220- 0 zroL 8T'T o'ty G00  TZ0- 800-  Buney eluwosul aAneIul YI[esH S,UsLWOM
0 9Lz 0 89'T. ST 9vy 290  G§C- 960- (oN=y0) saA ‘s|i1d Buidasjs sesn
0 800~ €00- 10TL G2'T 6'7S 100  L00- €00- 81098 JuaUOdWOD Ly[eaH (Bl 8-4S

(%) (9%) Aouanbauy

Selq [euonipuod uoisnjoul
%UISL6  %UIST 153 snRley  ONB ASINY  %UISL6  %UIST 153 deisjoog  %UISL6  %UIST 153 s10101pald

sarewnnss deuisiooq euid [EJoJo] VTN eEIBETEIS |apow [eqo|9

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

; available in PMC 2022 December 01.

Sleep Epidemiol. Author manuscript



Page 23

Heinsberg et al.

0  90T- 0 66'89 €T'T L'ty lZ0  ITT-  2vo- (oN=43Y) SOA ‘l0y0d[e SBWNSUOD
(pasauyred
0 STT- 0 GT'99 12T 6'St 20 60T- E¥0- 10N=19Y) pataulied ‘sniels diysuonejey
8yl 0 0 TT'€S Ge'T 4 6ET 8T°0- 190 (oN=48Y) SaA ‘se18qeIq
8T'T 0 0 eTSy T v'6v ST'T 12°0- 170 (oN=y0) seroqeIp-a1d ‘saleqelq
80°0 0 €00 0z'sy 12T 'sS 800  T00- €00 81008 101}JU0D [B100S PaAldled
0 607- 180- 98°'ee T 170  10Z- 180- G'SS 120 ST'Z-  160- (oN=y0) saA ‘s|iid Buidasys sesn
(Buons=j4oy)
0 OTT- L¥O- e85 €T 200  ZTT- SS0- 9'SG 8T0  Vv0T-  E¥O0- afelany 10 eap ‘1ids abej|In paniaased
0 8T'z- v60- 89'8¢ 87T 220  207- 060- G'T9 020  0TZ- S60- (SumO=48y) s1uay ‘aWIoY SIUBI 10 SUMO
65°C 0 80T v6'vE T 1€ 000 8TT 09 £ 1T0- eT'T (ON=43Y) SaA ‘BUIYISY
65T 0 ¥.0 95'2¢ 1€'T 8e'T €T0- €90 269 /ST 2000- 8.0 (ON=J3Y) SaA ‘awoy 1e uaip|Iyd
yoddng [e100s
v0'T 0 150 9T'6T 87T 960  T00- 870 €L S0'T 200 €50 P3AIB213d JO 8|BIS [RUOISUBWIPIINIA
(Auyrjeapn=10Y) abeaany
ve0-  0ST- ¥60- 9T, eT'T oro-  vrI-  260- G'l6 Ge0-  EFT-  68°0- 40 100d ‘U3eam abie| (1A panIgdIad
(yys
620  S6'0- 0£0- 8581~ oT'T 60  990- €TO0- G'66 020  660- 680-  Aed=1ay) YIOM 10N $80Q ‘8|NPayds YoM
YT'T- 687- 96T- S6°0- 90T €6'0-  952- VLT 5’66 UT-  987-  66'T- (W1ys Ae@=4a) 43410 ‘3INP3YIS YoM
(Wys Ae@=yo)
€T 67’ T- €T0- L00LT 10T 00T 67’ T- G20- G'66 92T 9¢T-  S00- H1US BIU/UOOUIBYY ‘BINPBYIS IO
ST ITT-  670- A4 160 6T°0 9T'T- 870- (psaloy) 00T 120 0zT-  670- (VNv=184) NOY ‘uo1Bay snsus)
127 220- 150 850 S0'T ITT €T0- 250 (p32104) 00T 8T'T 6T°0- 050 (VNv=194) NMN ‘uoifay snsus)
120 ¥'0-  600- 9€'8¢ 90T v2'0 €0~ 0T0- (paa10y) 00T 82°0 e’0-  L00- (v=8)8]e Joutw) adAioush gz8e98e ./ ES!
170  L00- SO0 LT9 260 0T'0 200 900 (p32104) 00T €T0  900- 00 (zw/B>) xapur ssew Apog
950 0L0- €00- 1.°8¢- 10T 190 8e'0-  TIT0 (paa10y) 00T 850 690-  90°0- (sreN=48Y) 8JeWa ‘X8S
€00 v0'0- 000 79'8€ Tt 200 €00- 000 (psauoy) 00T €00 €0°0- 2000- (s1eaf) aby
ITL 08— VT2 4373 10T 86'S  L20- 987 689  89¢- 85'T (1daasau))
(%) (9%) Aouanbauy
Selq [euonipuod uoisnjoul

%UISL6  %UIST 183 anlelay  oneJ ASINY %UIS.6  %UIST 153 densioog  9%UISL6  %UIST 153 s10191pald

sarewnnss deuisjooq euid |9pow pa1da|8s |apow [eqo|9

Author Manuscript

€ 9lqeL

Author Manuscript

*A1uIe1IaouN |9pOW JO JUBLUSSASSE pue 89uaJajul [apow-13nuu
J1oJ sannuenb panliap-des100q pue ‘[apow palds|as ‘|apow [eqol9 :(0zZ 01 0 $3409s 3|qissod ‘SHITHM) 918aS Buney eluwosu| aAlenIul YijeaH S, UsWOopA

Author Manuscript

Author Manuscript

Sleep Epidemiol. Author manuscript; available in PMC 2022 December 01.



Page 24

Heinsberg et al.

"S[eAIa}ul 22UaP1UO de.1s)00q UD Pased adURILIUBIS [edNISIEIS BYedIPUI SANJeA PapIOG ‘G T=54 PAISNIPE Q'L T=7Y ‘|9pOW Palodfss y'ET=5 paisnipe

'6'6T=¥ '|apowW [eq0|6 3ouasayIp pasenbs ueaW 1004 ‘ASIAY ‘S|EAIBILI 39UBPLILOD %6G6 JO SHUWI| Se pajaidialul sanuadIad UIG'L6 PUE UIG'Z (aTeLNSd 1S3 'T'T> [9POLW Pala|as JO SI0J0e) UONEJUI a0UeLieA
11e ‘9%T°0 Aouanbaly |apoLu pa1oa|as ‘96/ 0 [9POW J0 1010k} afesullys parewnss ‘ABerens ubisap Apms 1oy 1snipe 01 Jo uonendod ueowesS sy} 40 SBPa|MOUY /0L & Uo Paseq S|9poW [ Ul PapN|oul Sa|qeLeA
S8]eDIpUI ‘Paoloy ‘aoualajul [apoLU-1Nw paseq-Burjduwesss Ag paurelqo sjeAlslul 80USPIIUOD %4G6 JO SHWI| Se palaidialul senusatad YIG /6 PUe YIG°Z 8yl pue sjewnss uelpaw desisiooq syl a1edlpul ‘seyewnss
densiooq feut {(Uon28Ias D1) LGT°0 JO [9AS] 9URDLIUBIS B UIIM UOIBUIWI|S PJeMI.] BIA PB103]aS ‘|9pOLU PaldaIas {[apoW ay} Ul Papnjoul aJe 1S88)ul JO SB|CRLIBA || USUM SI0LIS PIEpUB)S PUB S81ewIss
31 SMOYS [9pou [eqo]B ‘seiq uoIioa|es ajgelien pue Salewisa ay J0 ANjIges ay ssasse 0} [apow delisiooq [euty ay apisBuofe paiuasald sjapow paioa|as pue [eqolB ‘e = ¢ ‘suedionted Jo Jaquinu [e1oL

(Aepyaam 10 1yBiuxasm

sT'0 ST'0- 0 v ovLt G680 T0C Y10 ST'0- T000- /sinoy paniodai-y|as) uoneinp des|s
¢L0 19°0— 0 vL'T9T 980 0'TC 0.0 GG°0- 800 (unw 0=y3y) utw o< ‘Ajrep saNUIW YdAIN
AN 80°0— 0 11661 S80 S'Te cTo 80°0- 200 (steak) uoneonp3
€00 €0°0— 0 S9'TT.- 180 [Ax44 €00 €0'0- TO0'0- 81003 Jusuodwo) yyfeaH [ed1shyd 8-4S
S0°0 €0°0— 0 L€°90€ 880 v'ee S0°0 €0°0- T00 (W) 80UBIBHWINDIID [RUILLIOPOY
190 Sv'0- 0 GE'0ST 6'0 2'9¢ 190 ov'0- 10 (oN=48) SBA ‘sayows
S0°0 80°0— 0 08851 160 8'6¢ 00 L0°0- ¢0'0— 8|BIS SS9J1S PaAIBdIdd S,UsyoD
0 G.'0— 0 66'9€T 660 9¢e €0 G.°0- 00— (ON=48Y) S8A ‘UOISUBLIBdAH
(s19558 ployasnoy
0T'0 0 0 16'STT 70'T T'se 010 00— €00 40 J3quinu [e101) 81008 8}A1S841] |BLIBIEIN
S0°0 0 0 S0'€CT S0'T 6°'GE 700 ¢0°0- T00 81005 1uauodwod yiesH [eIusiA 8-4S
0 TT°0- 0 96°'6S ST'T 81y €00 AN ¥0'0— 8]eos ssauldasls yuomd3

(%) (9%) Aouanbauy

selq [euonIpUod uolsnjaul
%UISL6  %UISC 153 SAIleI3Y  oned dSINY  %UYIS'L6  %UISC 153 densioog  9%UISL6  %UIST 153 $10131pald

sarewnse deaisiooq [eur |8powW pa198|as |apow [eqo|D

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

; available in PMC 2022 December 01.

Sleep Epidemiol. Author manuscript



	Abstract
	Introduction
	Materials and methods
	Study design, setting, and sample
	Participant characteristics
	Biological factors and health history
	Sociodemographic and behavioral factors
	Sleep measures

	Statistical analyses

	Results
	Sample characteristics and unadjusted analyses
	Variable selection and sleep outcome modeling
	ESS
	WHIIRS


	Discussion
	Conclusion
	References
	Table 1
	Table 2
	Table 3

