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Abstract

Objective: Nocturnal hypertension and non-dipping systolic blood pressure (SBP) are associated
with increased cardiovascular disease (CVD) risk. Short and long sleep duration (SSD and LSD)
are also associated with increased CVD risk and may be risk factors for nocturnal hypertension
and non-dipping SBP. We examined the association between SSD and LSD with sleep BP,
nocturnal hypertension, and non-dipping SBP among 647 white and African American Coronary
Artery Risk Development in Young Adults (CARDIA) study participants who completed 24-hour
ambulatory BP monitoring, wrist actigraphy, and sleep diaries in 2015-2016.

Methods: The times when participants were asleep and awake were determined from actigraphy
complemented by sleep diaries. Nocturnal hypertension was defined as sleep BP =120/70 mmHg
and non-dipping SBP as mean sleep-to-awake SBP ratio >0.90. Sleep duration was categorized as
SSD (<6 hours), normal sleep duration (NSD: 6-8.9 hours), and LSD (= 9 hours).

Results: The prevalence of SSD and LSD were 13.9% and 21.1%, respectively. Compared
to participants with NSD, participants with LSD had higher mean sleep SBP (2.1 mmHg,
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95% confidence interval [CI] 0.2, 4.1 mmHg) and diastolic BP (1.7 mmHg, 95% CI 0.5, 3.0
mmHg). Participants with LSD had a higher prevalence of nocturnal hypertension (prevalence
ratio [PR]: 1.26, 95% CI 1.03-1.54) and non-dipping SBP (PR 1.33, 95% CI 1.03-1.72) compared
to participants with NSD. There was no evidence of an association between SSD and sleep SBP or
DBP, nocturnal hypertension, or non-dipping SBP.

Conclusions: These findings suggest that LSD may be associated with nocturnal hypertension
and non-dipping SBP.
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Introduction

Methods

Ambulatory blood pressure (BP) monitoring (ABPM) complements BP measured in the
clinic setting by measuring BP in the person’s usual environment.l 2 Typically performed
over a 24-hour period, ABPM can characterize several phenotypes including nocturnal
hypertension, high BP during sleep, and non-dipping systolic BP ([SBP] i.e., a <10%
decline in BP from being awake to asleep).1: 2 In several previous studies, nocturnal
hypertension and non-dipping SBP have been associated with an increased prevalence

of target organ damage and increased risk for cardiovascular disease (CVD) events and
mortality, independent of clinic BP and awake BP as measured by ABPM.3-5

It has been hypothesized that disturbed sleep may be a mechanism underlying nocturnal
hypertension and non-dipping BP.% Both short sleep duration (SSD), defined in some
studies’ as sleeping < 6 hours and in other studies as < 6.5 or 7 hours per night8, and

long sleep duration (LSD), defined as sleeping = 9 hours per night®, have been associated
with higher risk for CVD events and mortality.’~10 Several studies have demonstrated

that self-reported SSD and LSD are associated with high clinic BP8: 11-14 sleep SBP,

and non-dipping BP.15 Self-reported habitual sleep duration is subject to recall bias and
has previously been shown to have only a modest correlation with actigraphy-assessed
sleep duration.16 Few datal’-1° are available regarding the association between actigraphy-
assessed sleep duration and sleep BP.

We examined the association of actigraphy-assessed SSD and LSD with sleep BP, nocturnal
hypertension, and non-dipping SBP in white and African-American adults enrolled in

the Coronary Artery Risk Development in Young Adults (CARDIA) study. As African
Americans have a higher prevalence of SSD20-22, nocturnal hypertension and non-dipping
SBP compared with whites23: 24, we also evaluated racial differences in the associations of
SSD and LSD with sleep BP, nocturnal hypertension, and non-dipping SBP.

Study Population

CARDIA is a prospective cohort study designed to examine the risk factors for, and the
development of, CVD in a population-based sample of 5,115 whites and African Americans.
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In 1985-1986, adults who were 18 to 30 years of age were recruited at four US centers
(Birmingham, AL, Chicago, IL, Minneapolis, MN and Oakland, CA).25 In addition to
the baseline exam, participants have completed up to 8 follow-up exams (Supplemental
Methods). Participation at the Year 30 exam was 71% of the surviving cohort.

The current cross-sectional analysis was restricted to 831 CARDIA study participants

who attended the Year 30 Exam at the Birmingham, AL or Chicago, IL field centers in
2015-20186, self-reported not working at night, and participated in an ancillary study of
ABPM following the exam. Of the 786 participants with a complete ABPM recording
(defined below), we excluded 25 participants with missing wrist actigraphy data. As daytime
naps can alter sleep and 24-hour BP levels18 26, we also excluded participants (n=114)

who reported taking a daytime nap. After these inclusion/exclusion criteria were applied,
data from 647 participants were analyzed (Figure 1). The Institutional Review Boards from
each field center and the CARDIA Coordinating Center approved the study protocols. All
participants provided written informed consent.

Data Collection

ABPM

A detailed description of the data collection, methodology, and specimen collection

is available in the Supplemental Methods. Data used in the current analysis were

collected during the baseline CARDIA Exam and Year 30 Exam as detailed in the
Supplemental Methods. Self-administered questionnaires were used to collect information
on sociodemographics, selected health behaviors (e.g., smoking status, physical activity,
alcohol intake), presence of depressive symptoms (using the 20-item Center for
Epidemiologic Studies Depression [CES-D] scale; scores =16 indicate high risk for
depression?), likelihood for obstructive sleep apnea ([OSA] using the 8-item STOP-BANG
questionnaire; scores 5 indicate high likelihood of OSAZ28), habitual sleep duration over
the past 30 days using the Pittsburgh Sleep Quality Index (PSQI)2%, and antihypertensive
medication use. During the Year 30 Exam, trained study staff collected blood and urine
samples, which were used to generate estimated glomerular filtration rate (eGFR) and
albumin-to-creatinine ratio (ACR), and measured height, weight, and BP. SBP and diastolic
BP (DBP) were measured during the Year 30 exam, hereafter referred to as clinic BP,

with an Omron HEM 907XL oscillometric device (Omron Healthcare, Inc, Lake Forest, IL)
taking three readings using an appropriately sized cuff. There was a 30-second rest period
between BP measurements. The second and third BP measurements were averaged and used
for this analysis. Clinic hypertension was defined as mean clinic SBP =140 mm Hg and/or
mean clinic DBP =90 mm Hg or self-report of current antihypertensive medication use.
After the Year 30 Exam, participants were given the opportunity to complete ABPM.

ABPM was conducted over a 24-hour period using the SpaceLabs OnTrak 90227 monitor
(SpaceLabs Inc., Snoqualmie, WA). Participants were fitted with an appropriately sized

cuff on their non-dominant arm and SBP and DBP were measured every 30 minutes.
Participants were given a diary to record sleep and awake times including naps and were
also fitted with a wrist actigraphy device on their non-dominant arm. The time periods when
participants were awake and asleep were determined by actigraphy. Actigraphy-defined
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sleep and awake time periods were also supplemented using self-reported time periods from
participants’ diaries. For the current analysis, a complete ABPM recording was defined as
>10 awake and =5 sleep SBP and DBP measurements.3? Mean awake and sleep SBP and
DBP were defined based on the mean of all available readings obtained during the respective
actigraphy-defined time periods and 24-hour mean BP was defined as the weighted mean of
the awake and sleep BP measurements with weights equal to the proportion of the 24-hour
period that each person was awake and asleep.3! Nocturnal hypertension was defined as
mean nighttime sleep SBP =120 mm Hg and/or mean sleep DBP =70 mm Hg.32 BP dipping
ratio was calculated as the ratio of mean sleep to mean awake SBP. Non-dipping SBP was
defined as mean sleep to mean awake SBP ratio >0.90 (i.e., <10% decrease in mean SBP
during sleep).32

Sleep Measures

Participants wore a wrist Actiwatch 2 accelerometer (Philips Respironics, Andover, MA) on
their non-dominant wrist throughout the 24-hour ABPM monitoring period. In addition to
completing a diary to record sleep and awake times, participants were instructed to press the
event marker on the Actiwatch to record when they were going to sleep (“bed time”) and
upon waking up the following morning (“awake time”). The Actiwatch was configured to
record data continuously, and total activity counts were measured in 15-second epochs. The
Actiware software program (version 6.0.9) was used for processing and analysis of sleep
and awake periods. A validated algorithm,33 supplemented by sleep diary data and event
markers, was used to identify “sleep onset” (when an individual began sleeping after bed
time) as well as total minutes of sleep and wakefulness between sleep onset and awake time.
Actigraphy-assessed sleep duration was calculated as total minutes of sleep between sleep
onset and awake time. Sleep quality during the ABPM period was self-reported and assessed
using the question “Did you find the monitor interfered with your normal sleep pattern?”
with response options being an integer between 0 (“not at all”) and 10 (“extremely”). A
higher score was reflective of worse sleep quality during the ABPM period.

Statistical Analysis

Sleep duration categories were defined using cut-points from prior studies for SSD” (<6
hours/night), normal sleep duration ([NSD] 6-8.9 hours/night), and LSD (= 9 hours/night).
Restricted cubic splines with 5 knots were also applied in linear regression models to
estimate the association of sleep SBP and DBP, separately, with actigraphy-assessed sleep
duration. The cut-points defined using restricted cubic spline analyses were similar to the
cut-points defined from prior studies’ for SSD, NSD, and LSD.

Descriptive characteristics for individuals from the Birmingham and Chicago field

centers who participated in the ABPM ancillary study compared to individuals from the
Birmingham and Chicago field centers who did not participate in the ABPM ancillary study
were compared. Participant characteristics and the prevalence of nocturnal hypertension
and non-dipping SBP were calculated for the analytic sample, overall and stratified

by sleep duration category. We calculated the correlation between self-reported habitual
sleep duration and actigraphy-assessed sleep duration as well as the correlation between
self-reported sleep duration on 24-hour ABPM sleep diary and actigraphy-assessed sleep
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duration using Pearson’s correlation coefficients. Linear regression was used to determine
the association of actigraphy-assessed SSD and LSD, each versus NSD, with mean sleep
SBP and DBP, separately. Poisson regression models with sandwich estimators were used to
determine the prevalence ratios (PR) for nocturnal hypertension and separately, non-dipping
SBP associated with actigraphy-assessed SSD and LSD, each versus NSD. Five adjusted
models were calculated. Model 1 included adjustment for age, sex, race, body mass index
(BMI) and field center. Model 2 included the variables in model 1 and history of diabetes,
education level, alcohol consumption, smoking status, physical activity, reduced eGFR, ACR
>30 mg/g, antihypertensive medication use, CES-Depression =16, and high likelihood of
OSA. Model 3 included adjustment for the variables in model 2 and mean clinic SBP and
DBP. Model 4 included the variables in Model 3 and mean awake SBP for the outcomes of
mean sleep SBP and mean awake DBP for the outcomes of mean sleep DBP, respectively,
awake SBP and DBP for the outcome of nocturnal hypertension, and 24-hour SBP for the
outcome of non-dipping BP. Model 5 included the variables in Model 4 and self-reported
sleep quality during the ABPM period. Subgroup analyses were conducted by repeating

the analyses among African Americans and whites, separately. The tests for interaction
between race and sleep duration categories on mean sleep SBP, mean sleep DBP, nocturnal
hypertension, and non-dipping SBP were calculated in models including the full sample,
main effect terms, and multiplicative interaction terms (e.g., sleep duration categoryxrace).
As a sensitivity analysis, we replicated the primary analyses using the 2013 European
Society of Hypertension (ESH)34 35 criteria to define a complete 24-h ABPM recording.
These criteria require 270% of targeted readings with a minimum of 20 awake and 7

sleep readings. Use of these more stringent criteria excluded an additional 40 participants,
reducing the sample size from 647 to 607 for these sensitivity analyses.

The amount of missing data for each variable is provided in Supplemental Table 1.

Missing values for covariates were imputed using multivariate chained equations.3® Random
forests comprising NTREE=100 decision trees were applied to impute missing values

for each variable, separately.3” Ten imputed datasets were generated, analyzed, and their
results pooled. P-values <0.05 were considered statistically significant. All analyses were
conducted using SAS 9.4 (SAS Institute, Cary, NC) and R version =3.5 (R Foundation for
Statistical Computing, Vienna, Austria).

Participant Characteristics

Supplementary Table 2 provides characteristics of the CARDIA participants from the
Birmingham and Chicago Field Centers who participated in versus did not participate in
the ABPM ancillary study at the Year 30 exam. Participants who completed the ABPM
ancillary study and were included in this analysis were more likely to be female, African
American, have a higher BMI, less likely to be physically active, more likely to have
diabetes, have prevalent clinic hypertension, be taking antihypertensive medication, and
have higher SBP and DBP compared with participants who did not complete the ABPM
ancillary study. The mean £ SD age of participants in the current analysis was 54.7 + 3.7
years; 59.2% were female and 60.9% were African American. The prevalence of nocturnal
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hypertension and non-dipping SBP was 39.6% and 29.8%, respectively. Mean self-reported
habitual sleep duration over the past 30 days was 6.3 + 1.5 hours. Mean self-reported sleep
duration on 24-hour ABPM sleep diary was 7.4 £+ 1.7 hours. Mean actigraphy-assessed sleep
duration was 7.7 £ 1.7 hours. The correlation between self-reported habitual sleep duration
and actigraphy-assessed sleep duration was 0.21 (p value <0.001). The correlation between
self-reported sleep duration on 24-hour ABPM sleep diary and actigraphy-assessed sleep
duration was 0.76 (p value <0.001).

Figures 2 and 3 depict mean sleep SBP and DBP, respectively, associated with actigraphy-
assessed sleep duration and the corresponding cut-points used to define SSD and LSD.
Overall, 13.9% and 21.1% of participants had SSD (< 6 hours) and LSD (= 9 hours),
respectively. Compared to participants with NSD, participants with SSD were more likely
to be male, African American, have high risk for depression, and higher mean clinic

and 24-h SBP and DBP (Table 1). There were no statistically significant differences in
sociodemographic, health, or health behavior characteristics between participants with LSD
and NSD. Participants with LSD had higher mean sleep DBP and were more likely to have
nocturnal hypertension and non-dipping SBP compared to participants with NSD. There was
no evidence of differences in mean awake SBP or DBP between participants with LSD and
NSD. The prevalence of clinic hypertension was 41.1% for participants with SSD, 45.0%
for participants with NSD, and 52.6% for participants with LSD. Also, 33.3%, 39.1%, and
45.3% of participants with SSD, NSD and LSD were taking antihypertensive medication,
respectively.

Associations of SSD and LSD with Sleep BP

Association

There was no evidence of differences in mean sleep SBP between participants with NSD and
LSD in models adjusting for sociodemographic, health behavior, and clinical characteristics.
(Table 2). After further adjustment for awake SBP and sleep quality on ABPM, mean sleep
SBP was 2.1 (95% CI: 0.2, 4.1) mm Hg higher among participants with LSD compared to
their counterparts with NSD (p=0.028). Mean sleep DBP was also higher among participants
with LSD versus NSD after each level of adjustment. There was no evidence for differences
in mean sleep SBP or DBP among participants with SSD compared to their counterparts
with NSD. There was no evidence of effect modification between race and sleep duration
categories on mean sleep SBP or DBP after multivariable adjustment. Analyses stratified by
race are shown in Supplemental Table 2.

of SSD and LSD with Nocturnal Hypertension

The prevalence of nocturnal hypertension among participants with SSD, NSD, and LSD
was 45.5%, 35.9%, and 47.1%, respectively (Table 3). The prevalence was not significantly
different between SSD and NSD at any level of adjustment. The prevalence of nocturnal
hypertension for participants with LSD was greater than for those with NSD (PR 1.26 [95%
Cl, 1.03-1.54]) after full adjustment. There was no evidence of effect modification by race
on the association between sleep duration and nocturnal hypertension.

The prevalence of nocturnal hypertension was 21.1%, 23.2% and 31.4% for white
participants with, SSD, NSD, and LSD, respectively. Among African Americans, the
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prevalence of nocturnal hypertension was 52.2%, 45.6%, and 56.5% for those with SSD,
NSD, and LSD, respectively (Supplemental Table 3).

of SSD and LSD with Non-Dipping SBP

The prevalence of non-dipping SBP for participants with SSD, NSD, and LSD was 26.1%,
28.2%, and 37.5%, respectively (Table 4). In a fully-adjusted model, the PRs for having
non-dipping SBP for participants with SSD and LSD versus NSD were 0.83 (95% ClI,
0.56-1.22) and 1.33 (95% ClI, 1.03-1.72), respectively. The prevalence of non-dipping

SBP was 36.8%, 15.5%, and 25.5% for white participants with SSD, NSD, and LSD,
respectively. The prevalence of non-dipping SBP was 23.2%, 38.0%, and 44.7% for African
American participants with SSD, NSD, and LSD, respectively (Supplemental Table 4). After
multivariable adjustment and compared to NSD, the PR for non-dipping SBP associated
with SSD was 2.15 (95% ClI, 1.05-4.39) among whites and 0.67 (95% CI, 0.43-1.04) among
African Americans (p-interaction < 0.01).

Sensitivity Analyses

Compared to participants with NSD, participants with LSD had higher mean sleep SBP (2.3
mm Hg, 95% C1 0.4, 4.2, p=0.021) and higher mean DBP (1.9 mm Hg, 95% CI1 0.7, 3.1,
p=0.002) in fully adjusted analyses when analyses were repeated using the ESH criteria

to define a complete ABPM period (Supplemental Table 6). Participants with LSD had a
higher prevalence of nocturnal hypertension (prevalence ratio [PR]: 1.25, 95% CI 1.01-1.54)
and non-dipping SBP (PR 1.35, 95% CI 1.04-1.76) compared to participants with NSD
(Supplemental Table 7 and 8 respectively). There was no evidence of an association between
SSD and sleep SBP or DBP, nocturnal hypertension, or non-dipping SBP.

Discussion

In this population-based cohort study of white and African American adults, participants
with actigraphy-assessed LSD had higher mean sleep BP and a higher prevalence of
nocturnal hypertension and non-dipping SBP compared to their counterparts with NSD.

In contrast, there was no evidence of an association between SSD and mean sleep BP or
nocturnal hypertension. SSD was associated with a higher prevalence of non-dipping SBP
among whites. There was no evidence of an association between SSD and non-dipping SBP
among African Americans.

In this study, 45.5% of participants with SSD and 47.1% of participants with LSD had
nocturnal hypertension. Nocturnal hypertension has been associated with target organ
damage and CVD events.3-> The mechanism(s) underlying these associations remain
unknown. Self-reported sleep duration extremes, both a deficit and surfeit, have been
associated with an increased risk for CVD events, mortality, and hypertension.8 10-14

Most studies® 19 38 examining the association between sleep duration and out-of-clinic
BP in adults have relied on self-reported sleep duration rather than actigraphy-assessed
sleep duration. Self-reported sleep duration is subject to recall bias and the computation of
mean sleep BP may be affected by errors in self-reported sleep/wake times. Self-reported
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sleep duration has also been shown to have only a moderate correlation with sleep duration
assessed using wrist actigraphy and polysomnography.16

While studies conducted among adolescents!?: 18 have demonstrated an association between
actigraphy-assessed SSD and higher sleep BP, few studies® 19 have examined the association
of actigraphy-assessed sleep duration and sleep BP in adults. Data from the North Texas
Heart Study!® demonstrated that lower actigraphy-assessed sleep duration was associated
with higher mean sleep SBP and DBP measured on the same night. However, in that study,
mean sleep BP was defined as the average of BP readings that occurred only during a
5-hour fixed-time interval (during the hours of 12:00 AM-5:00 AM) rather than the full
actigraphy-defined sleep period. Use of a fixed time interval artificially identifies “sleep”
blood pressure based on time versus behavior (i.e. an individual may actually be awake
rather than asleep during the fixed time interval). Further, use of fixed time intervals may
have led to underestimation of true mean sleep BP especially if BP during this fixed time
interval was lower than at other times during the night. In addition, the associations of LSD
with sleep BP, nocturnal hypertension, and non-dipping BP were not reported nor were
racial differences examined in that study.

In the current study, compared with whites, African-Americans were more likely to have
actigraphy-assessed SSD, a finding consistent with prior studies.20-22. 3%-41 |n one study
of 246 African American and white adolescents, shorter sleep duration was associated with
higher sleep SBP, sleep DBP, and non-dipping SBP.17 When stratified by race/ethnicity, the
association between shorter sleep duration and higher sleep BP was present among white
adolescents but not African American adolescents. The current study results do not support
the hypothesis that SSD is associated with higher sleep BP levels, nocturnal hypertension,
or non-dipping BP among African American adults. Whites with SSD had a nonsignificantly
higher prevalence of non-dipping SBP compared to white participants with NSD, a finding
that requires confirmation in future studies. In contrast, LSD was associated with higher
sleep BP levels, nocturnal hypertension, and non-dipping SBP among whites and African
Americans.

Prior studies have demonstrated an association between LSD and cardiometabolic risk
factors including diabetes and hypertension among older individuals.#2 43 Also, the
association between LSD and ambulatory BP has been described in elderly participants.15
Specifically, Ramos et al.1®> demonstrated self-reported LSD (= 11 hours/night) to be
associated with higher sleep SBP and non-dipping BP compared to a self-reported sleep
duration of 6-11 hours/night in a study of 756 participants (mean age 71 £ 9 years). In
contrast, in the current study actigraphy-assessed LSD was associated with higher sleep
BP levels, nocturnal hypertension, and non-dipping SBP in a cohort of younger individuals
(mean age 54.7 + 3.7 years). The mechanism underlying the association between LSD

and BP is unclear, but several hypotheses have been suggested.5: 44 Small studies*>: 46
have suggested that higher cortisol levels are associated with higher sleep BP as well as
non-dipping BP which may partially explain the association of LSD with high sleep BP
levels, nocturnal hypertension, and non-dipping SBP. The association between LSD and
sleep BP may also be secondary to chronic medical or psychiatric illnesses, resulting in
individuals spending more time in bed and having longer sleep durations.5: 4 Compared to
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all CARDIA study participants who completed the Year 30 exam, participants in the ABPM
ancillary study had more comorbidities. However, we adjusted for several comorbidities,
including high risk for depression, that have been associated with both short and long
sleep.47: 48

The current study has several strengths. The study was comprised of a well-phenotyped
sample of whites and African Americans who completed ABPM following a standardized
protocol. We utilized wrist actigraphy to measure sleep duration. In studies with healthy
participants, wrist actigraphy has a correlation of 0.9 for the measurement of sleep duration
when compared with polysomnography, the gold standard for the assessment of sleep
duration.*® Despite these strengths of the study, there are several limitations. While 3,358
participants completed the CARDIA Year 30 Exam, funding was available to conduct
ABPM at only two study sites and only a subset of participants completed the ABPM
ancillary study. Wrist actigraphy for the assessment of sleep duration was conducted

only for 24 hours which may not be representative of “usual” sleep duration averaged

over several days or weeks. ABPM was conducted on the same night that sleep duration
was assessed. For some individuals, the inflation of the ABPM BP cuff can affect sleep
quality.59 However, the significant association between LSD and sleep BP outcomes was
not attenuated by statistical adjustment for self-reported sleep quality concurrent with
ABPM. Lastly, while participants completed a medication inventory, the use of sleep aides
including melatonin and benzodiazepines which are known to lengthen sleep duration was
not specifically ascertained. It is possible that individuals with LSD were more likely to use
sleep aides.

Conclusions

The prevalence of nocturnal hypertension was high particularly among African American
participants with SSD and LSD. Actigraphy-assessed SSD was not associated with nocturnal
hypertension or non-dipping SBP. In contrast, actigraphy-assessed LSD was associated with
nocturnal hypertension and non-dipping SBP among white and African American adults
even after adjusting for factors known to influence nocturnal BP. The current study is
consistent with the hypothesis that LSD is associated with an abnormal diurnal pattern on
ABPM.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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CARDIA Year 30 Participants (n=3,358)

Not eligible to participate in CARDIA Year 30 ABPM
Ancillary Study (Participants from Minneapolis and
Oakland Field Centers: n=1,805)

CARDIA Year 30 Participants from Birmingham and
Chicago Field Centers (n=1,553)

CARDIA ABPM Ancillary Study Participants from Birmingham and Chicago Field
Centers (n=831)
« 24-hour ABPM; 24-hour wrist actigraphy; 24-hour ABPM Device Log performed

Excluded due to incomplete ABPM
recording (n=45)

Complete ABPM (n=786)

Excluded due to missing wrist actigraphy
data (n=25)

Excluded due taking daytime naps (n=114)

Final Analytic Sample (n=647)

Figure 1:
Flow Diagram of the Analytic Sample.

ABPM= Ambulatory blood pressure monitoring
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Figure 2:
Association* of actigraphy-assessed sleep duration with mean sleep systolic blood pressure.

*The association between sleep duration and mean systolic blood pressure was determined
using spline analyses.

Each vertical bar on the x-axis represents a participant with that sleep duration. The red

line shows the mean asleep systolic blood pressure associated with actigraphy-assessed sleep
duration. Grey regions around the red line represents the 95% confidence interval for the
mean sleep systolic blood pressure.

SBP=systolic blood pressure
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Figure 3:
Association* of actigraphy-assessed sleep duration with mean sleep diastolic blood pressure.

*The association between sleep duration and mean diastolic blood pressure was determined
using spline analyses.

Each vertical bar on the x-axis represents a participant with that sleep duration. The red line
shows the mean asleep diastolic blood pressure associated with actigraphy-assessed sleep
duration. Grey regions around the red line represents the 95% confidence interval for the
mean sleep diastolic blood pressure.

DBP=diastolic blood pressure
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Table 3.

Prevalence ratios for nocturnal hypertension associated with actigraphy-assessed sleep duration.

Sleep Duration Categories P-interaction by race”
Short sleep duration Normal sleep Long sleep duration Short sleep Long sleep
(<6 hours) duration (=9 hours) duration duration
(n=90) (6-8.9 hours) (n=137)
(n=420)
Nocturnal 455 35.9 471 0.542 0.717

Hypertension, %
Prevalence Ratio (95% CI)

Model 1 1.07 (0.84-1.38) 1 (Ref) 1.30 (1.05-1.60) 0.484 0.684
Model 2 1.05 (0.82-1.34) 1 (Ref) 1.31 (1.06-1.63) 0.389 0.806
Model 3 0.94 (0.73-1.20) 1 (Ref) 1.28 (1.04-1.57) 0.763 0.786
Model 4 0.94 (0.74-1.20) 1 (Ref) 1.25 (1.02-1.53) 0.720 0.603
Model 5 0.95 (0.74-1.22) 1 (Ref) 1.26 (1.03-1.54) 0.669 0.646

Model 1 includes adjustment for age, sex, race, body mass index and field center.

Model 2 includes variables in Model 1 and additional adjustment for diabetes, education level, alcohol consumption, smoking status, physical

activity, estimated glomerular filtration ratio <60 mL/min per 1.73 m2, albumin to creatinine ratio = 30 mg/g, antihypertensive medication use,
CES-Depression score 216, and high likelihood of obstructive sleep apnea.

Model 3 includes variables in Model 2 and additional adjustment for mean clinic blood pressure.
Model 4 includes variables in Model 3 and additional adjustment for mean awake blood pressure.

Model 5 includes variables in Model 4 and additional adjustment for self-reported sleep quality on ABPM.

*The tests for interaction are between race and sleep duration categories on nocturnal hypertension.
ABPM=ambulatory blood pressure monitoring

CES= Center for Epidemiological Studies

Cl= confidence interval

Ref=referent group
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Table 4.

Prevalence ratios for non-dipping systolic blood pressure associated with actigraphy-assessed sleep duration.

Sleep Duration Categories P-interaction by race”
Short sleep duration Normal sleep Long sleep duration Short sleep Long sleep
(<6 hours) duration (6-8.9 (=9 hours) duration duration
(n=90) hours) (n=137)
(n=420)
26.1 28.2 375 0.003 0.304

Non-dipping¥, %
Prevalence Ratio (95% CI)

Model 1 0.86 (0.58-1.27) 1 (Ref) 1.30 (1.00-1.68) 0.008 0.250
Model 2 0.82 (0.55-1.20) 1 (Ref) 1.30 (1.00-1.68) 0.010 0.279
Model 3 0.83 (0.56-1.21) 1 (Ref) 1.31 (1.01-1.69) 0.011 0.295
Model 4 0.82 (0.55-1.20) 1 (Ref) 1.31 (1.01-1.69) 0.008 0.307
Model 5 0.83 (0.56-1.22) 1 (Ref) 1.33 (1.03-1.72) 0.016 0.353

Model 1 includes adjustment for age, sex, race, body mass index and field center.

Model 2 includes variables in Model 1 + additional adjustment for diabetes, education level, alcohol consumption, smoking status, physical

activity, estimated glomerular filtration ratio <60 mL/min per 1.73 m2, albumin to creatinine ratio = 30 mg/g, antihypertensive medication use,
CES-Depression score 216, and high likelihood of obstructive sleep apnea.

Model 3 includes variables in Model 2 and additional adjustment for mean clinic systolic blood pressure.

Model 4 includes variables in Model 3 and additional adjustment for mean 24-hour systolic blood pressure.
Model 5 includes variables in Model 4 and additional adjustment for self-reported sleep quality on ABPM.
¥Non-dipping defined as mean sleep to awake systolic blood pressure ratio > 0.90.

*The tests for interaction are between race and sleep duration categories on non-dipping systolic blood pressure.
ABPM=ambulatory blood pressure monitoring

CES= Center for Epidemiological Studies

Cl= confidence interval

Ref=referent group
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