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Abstract

There is a lack of data on how nighttime blood pressure (BP) might modify the relationship between sleep duration and
cardiovascular disease (CVD) risk. Self-reported sleep duration data were available for 2253/2562 patients from the J-HOP
Nocturnal BP study; of these, 2236 had complete follow-up data (mean age 63.0 years, 83% using antihypertensive drugs).
CVD outcomes included stroke, coronary artery disease (CAD), and atherosclerotic CVD (ASCVD ([stroke + CAD]).
Associations between sleep duration and nighttime home BP (measured using a validated, automatic, oscillometric device)
were determined. During a mean follow-up of 7.1 £3.8 years, there were 133 ASCVD events (52 strokes and 81 CAD
events). Short sleep duration (<6 versus 26 and <9 h/night) was significantly associated with the risk of ASCVD (hazard
ratio [HR] 1.85, 95% confidence interval [CI] 1.07-3.22), especially stroke (HR 2.47, 95% CI 1.08-5.63). When nighttime
systolic BP was <120 mmHg, those with a sleep duration <6 versus 26 and <9 h/night had a significantly higher risk of
ASCVD and CAD events (HR [95% CI] 3.46 [1.52-7.92] and 3.24 [1.21-8.69], respectively). Even patients with “optimal”
sleep duration (26 and <9 h/night) were at significantly higher risk of stroke when nighttime systolic BP was uncontrolled
(HR [95% CI] 2.76 [1.26—6.04]). Adding sleep duration and nighttime BP to a base model with standard CVD risk factors
significantly improved model performance for stroke (C-statistic 0.795, 95% CI 0.737-0.856; p = 0.038). These findings
highlight the importance of both optimal sleep duration and control of nocturnal hypertension for reducing the risk of CVD,
especially stroke. Clinical Trial registration: URL: http:/www.umin.ac.jp/icdr/index.html. Unique identifier:
UMIN000000894.

Keywords Cardiovascular disease * Stroke - Sleep * Hypertension * Nighttime blood pressure

Introduction

As many as 35% of adults have a self-reported sleep duration
below the recommended optimum of 7 h/night [1], and data
from the Sleep Heart Health Study suggest that objective sleep
duration is <6 h/night in ~50% of the population [2]. Optimal
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sleep duration is critical for cardiovascular health because both
long and short sleep durations are associated with adverse
health outcomes, as described in the 2016 American Heart
Association (AHA) Scientific Statement on sleep duration and
cardiovascular risk [3]. This statement is based on a large body
of evidence showing U-shaped relationships between the
duration of sleep and the risk of cardiovascular disease (CVD)
[4-8] and, to a lesser extent, all-cause death [5, 9—12].

Sleep duration has also been reported to be a risk factor
for the development of hypertension [13, 14]. Hypertension,
especially nocturnal hypertension, represents an important
risk factor for the development of CVD and the occurrence
of CVD events [15-18]. In addition to nocturnal hyper-
tension, abnormalities in the natural circadian variation of
blood pressure (BP) also increase cardiovascular risk
[19, 20]. Both insufficient and excessive sleep have been
associated with attenuated nighttime BP dipping [21],
which is a prognostic marker for CVD [22, 23]. Thus, there
is the potential that the combination of nocturnal
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hypertension with an abnormal dipping pattern and non-
optimal sleep duration could have additive, or even syner-
gistic, negative effects on cardiovascular risk. However,
there is a lack of data on the interplay between sleep
duration and nighttime BP with respect to the risk of dif-
ferent forms of CVD and associated mortality.

This analysis used data from the nationwide practice-
based Japan Morning Surge-Home Blood Pressure (J-HOP)
study to investigate associations between self-reported sleep
duration and incident CVD in the context of nighttime home
BP values.

Methods
Study design

The prospective J-HOP study was conducted between
January 2005 and May 2012 at 71 institutions throughout
Japan. The study protocol was approved by the internal
review board at the Jichi Medical University School of
Medicine, Tochigi, Japan. Written informed consent was
obtained from all patients enrolled in the study.

Study population

Participants in J-HOP were ambulatory outpatients who had
at least one of the following cardiovascular risk factors:
hypertension; hyperlipidemia; diabetes (defined as fasting
blood sugar>126 mg/dL. or treatment with antidiabetic
agents); glucose intolerance; metabolic syndrome; chronic
kidney disease (defined as an estimated glomerular filtration
rate < 60 mL/min/1.73 m?); history of CVD (including cor-
onary artery disease [CAD], stroke, aortic dissection, per-
ipheral artery disease, congestive heart failure); atrial
fibrillation; current smoking; chronic obstructive pulmonary
disease; and/or sleep apnea syndrome. For the present
study, recruitment was based on J-HOP study participants
who had nighttime home BP measured at baseline. Further
details of the J-HOP Nocturnal BP study protocol and
procedures have been published [16].

Outcomes

CVD outcomes included stroke (fatal or nonfatal; defined as
the sudden onset of neurological deficit confirmed on brain
computed tomography or magnetic resonance imaging that
persisted for >24 h in the absence of any other disease that
might explain the symptoms [excluding transient ischemic
attack]) and CAD (fatal or nonfatal, defined as acute
myocardial infarction, angina pectoris requiring percuta-
neous coronary intervention, and sudden death within 24 h
of the abrupt onset of symptoms). The term atherosclerotic
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CVD (ASCVD) was used to describe the combination of
both stroke and CAD events.

Data on CVD outcomes were obtained from a general
physician at each study center. Incident stroke and CAD
outcomes were also ascertained by regular (annual or more
frequent) review of participants’ medical records. When
patients did not come to the hospital, they or their family
members were interviewed by telephone.

All endpoint events were adjudicated by an endpoint
committee that was unaware of individual clinical char-
acteristics, including home BP data.

Assessments

Home BP measurements were performed using a validated
cuff oscillometric device (HEM-5001; Medinote; Omron
Healthcare, Co., Ltd, Kyoto, Japan) in accordance with
hypertension guidelines that were current at the time
assessments were performed [24-26]. The device auto-
matically takes three separate measurements of BP at 15-s
intervals for each assessment. At bedtime, the device can be
set to measure BP during sleep, and all recorded BP para-
meters are stored in the device memory, with identification
of measurements as morning, evening or during sleep.

Home BP values were recorded over a period of 14 days.
Subjects were asked to measure morning home BP after
awakening and prior to breakfast and taking anti-
hypertensive medication and evening BP before taking
antihypertensive medication and going to bed, BP mea-
surements were taken after the participant remained in a
sitting position for 2 min. Readings from the first day were
excluded, and the average of all home BP measurements
(three each morning and three each evening) was calculated.
Nighttime home BP was recorded on at least one night in the
14-day measurement period at three different preset times (2
am., 3 am., and 4 a.m.), and nighttime home BP was cal-
culated as the average of all sleep BP values measured.
Patients were divided into two groups based on nighttime
home systolic BP (SBP): <120 and 2120 mmHg [15, 27].
All BP data from the home BP monitoring (HBPM) device
were downloaded to a computer and transferred to the study
control center for analysis by investigators who were una-
ware of the clinical characteristics of the study participants.

Self-reported sleep data were obtained from a ques-
tionnaire completed by the patient at baseline (Table I in the
Online Data Supplement). Patients were divided into sub-
groups based on sleep duration: <6 h/night, >6 and <9 h/
night, and >9 h/night [28].

Statistical analysis

Between-group differences were evaluated using one-way
analysis of variance for mean values and the chi-square test
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for frequencies. The cumulative incidence of CVD events in
sleep duration subgroups was visualized using Kaplan—-Meier
curves adjusted for covariates (age, sex, body mass index,
current smoking, history of diabetes, statin use, aspirin use,
antihypertensive medication use, history of CVD, total cho-
lesterol, high-density lipoprotein cholesterol, and office SBP).
Associations between sleep duration, nighttime home BP
values (nighttime SBP < 120 or 2120 mmHg), and the risk of
ASCVD, stroke, and CAD were assessed using Cox pro-
portional hazards models (hazard ratio [HR] and 95% con-
fidence intervals [CIs] were calculated).

The proportionality assumption for the Cox model was
confirmed graphically, and comparison of the discriminative
ability of the model was performed using Harrell’s C-statistics
(with 95% CI calculated by bootstrapping) [29]. All statistical
analyses were performed with SAS v9.4 (SAS Institute, Cary,
NC). Two-sided p values <0.05 were defined as statistically
significant.

Results
Study population

Of the 2562 patients included in the J-HOP Nocturnal BP
study, 2253 patients completed the sleep questionnaire, and
2236 of these participants had complete follow-up data
(Fig. I in the Online Data Supplement). Just over half of all
patients were male, the mean age was 63.0 + 10.3 years, and
83% of participants were taking antihypertensive medica-
tion. The proportions of individuals with sleep durations <6
h/night, 26 and <9 h/night, and 29 h/night were 8%, 84%,
and 8%, respectively (Table 1). Follow-up data were col-
lected over a mean of 7.1 + 3.8 years (15,896 person-years),
during which time there were 133 ASCVD events, includ-
ing 52 strokes and 81 CAD events.

ASCVD events and sleep duration

Kaplan—Meier curves demonstrated that compared with
sleep duration > 6 and <9 h/night, sleep duration < 6 h/night
was associated with a significantly increased risk of total
ASCVD (p =0.029) and stroke (p =0.031) but not CAD
(Fig. 1). Short sleep duration (<6 h/night) was a significant
independent predictor of an increased risk of ASCVD and
stroke events compared with a sleep duration of 26 and <9 h
in the Cox model (Fig. 2).

Impact of nighttime SBP
Compared to the reference (sleep duration of 26 and <9 h/

night plus nighttime SBP < 120 mmHg), sleep duration of
<6 h/night was associated with an increased risk of stroke

irrespective of nighttime SBP status (HR [95% CI] for
stroke was 4.65 [0.98-21.98] when nighttime SBP was
<120mmHg [p=0.052] and 4.80 [1.57-14.65] when
nighttime SBP was >120 mmHg [p = 0.006]) (Table 2). A
sleep duration of <6 h/night was also associated with a risk
of ASCVD and CAD when nighttime SBP was <120
mmHg (Table 2). There was a trend toward an increased
risk of stroke in patients who slept for 29 h/night and had
nighttime BP > 120 mmHg (HR [95% CI] 3.01 [0.98-9.30];
p=0.055) (Table 2). Even patients who slept for the
“optimal” duration of 26 and <9 h/night were at sig-
nificantly higher risk of experiencing stroke when nighttime
SBP was 2120 mmHg (HR [95% CI] 2.76 [1.26-6.04]; p =
0.011) (Table 2).

Model performance

The base model yielded a C-statistic value of 0.757 (95% CI
0.719-0.794) for ASCVD, 0.763 (95% CI 0.718-0.825) for
stroke, and 0.788 (95% CI 0.731-0.847) for CAD (Table 3).
The addition of sleep duration and nighttime SBP level
(<120 or >2120mmHg) to the base model significantly
increased the C-statistic value for stroke (0.795, 95% CI
0.737-0.856; p = 0.038) but not for CAD or total ASCVD
(Table 3).

Discussion

The results of this clinical practice-based, prospective study
showed that short sleep duration (<6 h/night) was an inde-
pendent risk factor for ASCVD events, especially stroke. In
addition, for the first time, we found that the risk of stroke
was independently associated with shorter sleep duration
irrespective of whether nighttime BP was <120 or 2120
mmHg. In contrast, short sleepers were at increased risk of
overall ASCVD and CAD events only when nighttime SBP
was <120 mmHg. For patients with optimal (26 and <9 h/
night) or long (=9 h/night) sleep duration, the risk of stroke
was only increased significantly when nighttime SBP was
2120 mmHg.

Our findings of a significant association between sleep
duration and cardiovascular risk are consistent with the
published literature. The majority of current literature in this
field shows a U-shaped relationship between sleep duration
and CVD risk, with those who sleep for short (<6 h) or long
(29 h) periods each night having a significantly increased
risk of developing CVD or experiencing a CVD event
[4-8, 28, 30-34]. For example, data from a prospective
cross-sectional study of 30,397 participants in the National
Health Interview Survey 2005 showed that sleep durations
of <5, <6, 8, and 29 h/night were significantly associated
with the occurrence of CVD events (odds ratio [95% CI]
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patents incladed in the Japan Overal Slecping hours
Morning Surge-Home Blood (n=2236) <6 h/night 26 and <9 h/night 29 h/night p value
Pressure (J-HOP) nocturnal (n=183) (n=1884) (n=169)
blood pressure study (follow-up)
Age, years 63.0+10.3 60.1+10.6 62.8+10.2 69.2+9.8 <0.001
Male, % 1126 (50.4) 69 (37.7) 949 (50.4) 108 (63.9) <0.001
Body mass index, kg/m®>  24.3%3.5 253+4.1 243+3.4 23.6+3.2 <0.001
Current smoker, % 264 (11.8) 23 (12.6) 218 (11.6) 23 (13.6) 0.694
Diabetes, % 560 (25.0) 47 (25.7) 465 (24.7) 48 (28.4) 0.552
Past history of 290 (13.0) 22 (12.0) 238 (12.6) 30 (17.8) 0.153
cardiovascular disease, %
Antihypertensive drugs, % 1852 (82.8) 156 (85.2) 1543 (81.9) 153 (90.5) 0.011
Calcium channel blocker 1134 (50.7) 93 (50.8) 948 (50.3) 93 (55.0) 0.502
ACE inhibitor 146 (6.5) 9 (4.9 121 (6.4) 16 (9.5) 0.201
Angiotensin receptor 1173 (52.5) 97 (53.0) 971 (51.5) 105 (62.1) 0.030
blocker
Diuretic 650 (29.1) 47 (25.7) 538 (28.6) 65 (38.5) 0.014
a-Blocker 109 (4.9) 11 (6.0) 93 (4.9) 5 (3.0) 0.394
-Blocker 343 (15.3) 26 (14.2) 289 (15.3) 28 (16.6) 0.828
Statin use, % 526 (23.5) 42 (23.0) 451 (23.9) 33 (19.5) 0.424
Aspirin use, % 392 (17.5) 30 (16.4) 317 (16.8) 45 (26.6) 0.005
Total cholesterol, mg/dL. ~ 204.9 +32.2 206.6 +32.6 204.7+32.2 204.6 +32.9 0.749
HDL-cholesterol, mg/dL.  58.4+15.7 58.3+15.0 58.5+15.9 56.9+14.8 0.449
Blood pressure, mmHg
Office SBP 140.0+15.3 141.0+16.0 139.6 +15.2 142.7+15.0 0.029
Office DBP 81.9+10.2 83.6+10.3 81.9+10.2 80.8+10.4 0.031
Morning home SBP 136.0 + 14.7 1379+ 14.2 135.5+14.5 139.7+16.9 <0.001
Morning home DBP 79.3+9.6 81.4+9.4 79.2+9.5 77.8+10.1 0.002
Evening home SBP 128.7+14.2 131.3+13.3 128.3+13.9 130.2+18.0 0.009
Evening home DBP 72.9+9.3 75.8+9.4 72.8+9.2 70.9+10.0 <0.001
Nighttime home SBP 121.1+14.7 123.7+13.7 120.7 £ 14.6 122.5+17.0 0.015
Nighttime home DBP 70.0+8.8 72.1+£9.0 69.8 8.7 69.1+£9.3 0.001
Good sleep quality, %* 1063 (47.5) 73 (39.9) 920 (48.8) 70 (41.4) 0.017

Cumulative incidence rate
of ASCVD event (%)

<6 hour
24
¢

g 6 hour vs. 6-9 hour P=0.029

Data are expressed as mean + standard deviation or number of patients (%)

ACE angiotensin converting enzyme, DBP diastolic blood pressure, HDL high-density lipoprotein, SBP
systolic blood pressure

4Good sleep quality was defined as patients who answered “Never” or “Some of the time” (questions 1-4) or
“Yes” (question 5) on the sleep questionnaire (see Table S1 for full details)

<6 hour
26 and <9 hour
29 hour

——— <6 hour
26 and <9 hour
29 hour

6 and <9 hour
9 hour

9 6 hour vs. 6-9 hour P=0.031

© o
Cumulative incidence rate
of CAD event (%)
© o

o T T T T T T 0 T T T o T T T T T T
0 2 4 6 8 10 0 2 4 6 8 10 [} 2 4 6 8 10
Follow-up (years) Follow-up (years) Follow-up (years)
Number at Risk Number at Risk Number at Risk

<6 hour 183 159 15 99 88 67 <6 hour 183 159 115 99 88 67 <6 hour 183 159 15 99 88 67

26 and <9 hour 1884 1689 1357 1066 927 673 26 and <9 hour 1884 1689 1357 1066 927 673 26 and <9 hour 1884 1689 1357 1066 927 673

29 hour 169 149 120 95 83 58 29 hour 169 149 120 95 83 58 29 hour 169 149 120 95 83 58
Fig. 1 Kaplan—-Meier curves showing the relationship between the history of cardiovascular disease, total cholesterol, high-density lipo-
number of hours of sleep and the risk of cardiovascular events protein cholesterol, and office systolic blood pressure). ASCVD

(adjusted for age, sex, body mass index, current smoking, history of atherosclerotic cardiovascular disease, CAD coronary artery disease
diabetes, statin use, aspirin use, antihypertensive medication use,
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FS

247 (1.08, 5.63)
p=0.031
185 (1.07, 3.22)
p=0.029

J 114 (067, 1.96)
! oo 1 p=0628

Hazard ratio for CAD (95% CI)

1.61(0.76, 3.41
1.41 (0,64, 3.09) p:o_;rs ’
$=0.395

Hazard ratio for ASCVD (95% CI)
Hazard ratio for STROKE (95% CI)

2 e | ®10 14 ®i0 0.97 (0.48, 2.05)
p=0.929

T T T T T T T T T
<6h 26 and <9h 29h <6h 26 and <9h 20h <6h 26 and <9h 20h

n 183 1884 169 n 183 1884 169 n 183 1884 169

Fig. 2 Hazard ratio (HR) and 95% confidence interval (CI) values for history of cardiovascular disease, total cholesterol, high-density lipo-
the risk of cardiovascular events based on the number of hours of sleep protein cholesterol, and office systolic blood pressure). ASCVD
(adjusted for age, sex, body mass index, current smoking, history of atherosclerotic cardiovascular disease, CAD coronary artery disease
diabetes, statin use, aspirin use, antihypertensive medication use,

Table 2 Relationship between sleeping hours/nighttime blood pressure and the risk of cardiovascular events

Sleeping hours Nighttime SBP ASCVD events (n = 133) Stroke events (n = 52) CAD events (n =81)
HR (95% CI) p value HR (95% CI) p value HR (95% CI) p value

<6 h/night <120 mmHg 3.46 (1.52, 7.92) 0.003 4.65 (0.98, 21.98) 0.052 3.24 (1.21, 8.69) 0.019

>120 mmHg 1.85 (0.85, 4.05) 0.122 4.80 (1.57, 14.65) 0.006 0.96 (0.29, 3.26) 0.954
26 and <9 h/night <120 mmHg 1.00 (Reference) - 1.00 (Reference) - 1.00 (Reference) -

>120 mmHg 1.51 (0.99, 2.31) 0.058 2.76 (1.26, 6.04) 0.011 1.12 (0.66, 1.91) 0.663
>9 h/night <120 mmHg 1.20 (0.47, 3.10) 0.700 2.55 (0.67, 9.71) 0.169 0.73 (0.17, 3.11) 0.672

>120 mmHg 1.61 (0.80, 3.23) 0.179 3.01 (0.98, 9.30) 0.055 1.17 (0.47, 2.92) 0.739

Data were adjusted for age, sex, body mass index, current smoking, a history of diabetes, statin use, aspirin use, antihypertensive medication use,
history of cardiovascular disease, total cholesterol, high-density lipoprotein cholesterol, and office systolic blood pressure

ASCVD atherosclerotic cardiovascular disease (stroke and coronary artery disease), CAD coronary artery disease, CI confidence interval, HR
hazard ratio, SBP systolic blood pressure

Table 3 Improvements in model performance

ASCVD (stroke + CAD) Stroke CAD

C-statistics (95% CI) p value C-statistics (95% CI) p value C-statistics (95% CI) p value

Base model 0.757 (0.719-0.794) - 0.763 (0.718—0.825) - 0.788 (0.731-0.847) -
Base model + sleep duration 0.763 (0.727-0.799)  0.202  0.785 (0.736—0.839) 0.110  0.787 (0.729—-0.846) 0.815
Base model + nighttime SBP 0.760 (0.724—0.798)  0.366  0.779 (0.719—-0.841) 0.195 0.788 (0.731—-0.848) 0.943

Base model + sleep duration + nighttime SBP  0.766 (0.726—0.802)  0.137  0.795 (0.737—-0.856) 0.038  0.787 (0.730—0.846) 0.826

Base model includes age, sex, body mass index, total cholesterol, high-density lipoprotein cholesterol, smoking, diabetes, history of cardiovascular
disease, use of antihypertensive drugs or statin or aspirin, and office systolic blood pressure. p values are for differences compared with the
base model

ASCVD atherosclerotic cardiovascular disease, CAD coronary artery disease, CI confidence interval, SBP systolic blood pressure

values of 220 [1.78-2.71], 1.33 [1.13-1.57], 1.23 (detected using ambulatory BP monitoring or HBPM) has
[1.04-1.41], and 1.57 [1.31-1.89], respectively, for the  previously been shown to be significantly associated with
comparison with sleep duration of 7 h/night), independent  both overall CVD and stroke [35]. New data from the
of potential confounders (including age, sex, race/ethnicity,  current analysis highlighted that the association between

smoking, alcohol intake, body mass index, physical activity, short sleep duration and increased cardiovascular risk was
diabetes mellitus, hypertension, and depression) [28]. seen regardless of nighttime SBP level. Thus, even patients

This analysis of J-HOP data evaluated the role of  with nighttime SBP<120mmHg had a significantly
nighttime BP as a contributor to or modifier of the rela-  increased risk of CVD when sleep duration was suboptimal.
tionship between sleep duration and CVD for the first time.  This suggests that short sleep duration may be a stronger

Using the J-HOP study database, nocturnal hypertension  risk factor for ASCVD than nighttime BP. In contrast, the
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increased cardiovascular risk found in longer sleepers
mostly disappeared after controlling for nighttime BP and
other covariates in this analysis, with the exception of stroke
in patients with SBP > 120 mmHg.

Overall, stroke was the event most closely associated
with sleep duration in our study after controlling for cov-
ariates and when nighttime BP was <120 mmHg. This
finding highlights the importance of sleep duration with
respect to stroke risk even in the presence of normal
nighttime BP and adds to current knowledge in this area. A
meta-analysis of data specifically relating to sleep duration
and stroke reported an increased risk of prevalent stroke
when sleep duration was short (OR 1.71, 95% CI
1.39-2.02) or long (OR 2.12, 95% CI 1.51-2.73) [36]. In
individuals who responded to the National Health Interview
Surveys (n = 154,599; 2006-2011), age-standardized pre-
valence rates for stroke were 2.8, 2.0, and 5.2% in those
with a self-reported sleep duration of <6, 7-8, and >9 h/
night, respectively [37]. Other large population studies have
also highlighted a U-shaped relationship between sleep
duration and stroke [5, 38]. Although the relationship
between sleep duration and stroke is modified by a number
of covariates [37, 39], ours is the first study to evaluate the
contribution of nighttime BP to the risk of stroke and CAD
as it relates to sleep duration.

There are a number of plausible biological mechanisms
that might link short sleep duration with an increased risk of
CVD. These mechanisms have been reviewed in detail
elsewhere but include increased sympathetic nervous sys-
tem activity, heart rate and BP; vasoconstriction; and salt
retention [36, 40]. Of particular relevance to the current
analysis are data from sleep deprivation studies that show
increased nighttime BP and attenuated nighttime BP dip-
ping, along with an amplified morning BP surge [41, 42],
probably due to enhanced cardiac sympathetic drive
[43, 44]. Lack of sleep has also been shown to have
negative effects on vascular structure and function, with
increased arterial stiffness documented after only one night
of sleep deprivation [45]. Impaired endothelial function is a
marker of poor vascular health and is likely to be a pre-
cursor of atherosclerosis [46]. This idea is supported by data
from a prospective cohort study showing that individuals
with an objective sleep duration of <6 h/night had a greater
burden of preclinical atherosclerosis than those sleeping for
7-8 h/night (OR 1.27, 95% CI 1.06-1.52; p =0.008) [47].
Similarly, a large general population study showed that
carotid intima-media thickness values were lowest in sub-
jects who got 7-8 h of sleep per night [48].

In contrast, the mechanisms underlying the association
between long sleep duration and cardiovascular risk are
less clear. Nevertheless, a recent study provides a
potential rationale for the U-shaped relationship between
sleep duration and CVD [49]. Cash et al. investigated the
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link between sleep duration and what they defined as
“cardiovascular health,” which was based on the AHA’s
ideal cardiovascular health metrics, where seven mod-
ifiable health behaviors were scored as ideal (2 points),
intermediate (1 point), or poor (0 points) [49]. This cross-
sectional evaluation based on NHANES data found that
sleep duration of <6 and 29h was associated with a
decreased likelihood of ideal cardiovascular health and a
significant decrease in the mean cardiovascular health
score after adjustment for demographic, clinical, and
social factors. Any deviation from “ideal” cardiovascular
health would likely contribute to future development of
CVD, although more research is needed to fully under-
stand the implications of sleep duration in relation to
CVD, including better characterization of any causal
relationships.

Based on our study findings, it would appear that the
impact of short sleep duration on the cardiovascular system,
by whatever mechanism or mechanisms, usually over-
powers the negative impact of nocturnal hypertension,
especially with respect to ASCVD risk. However, there may
be greater interplay between long sleep duration and
nighttime BP. Nighttime BP could also be considered a
hemodynamic measure of sleep quality, but this requires
more research before definitive conclusions can be drawn.

Thus, in addition to nocturnal hypertension, unhealthy
sleep duration represents a modifiable cardiovascular risk
factor that could be amenable to population-level inter-
ventions. However, the impact of such interventions needs
to be evaluated in randomized, controlled clinical trials
because it is currently unclear whether improving the
duration and quality of sleep will help prevent the devel-
opment and/or progression of CVD. The lack of data in this
area is reflected in the current ACC/AHA guidelines for the
primary prevention of CVD, which do not include any
recommendations about sleep duration [50].

Strengths and limitations

This analysis is the first to evaluate the interaction between
sleep duration and nighttime BP as risk factors for CVD.
The study included a large population of community-based
adults, and nighttime home BP was determined using the
latest automated technology. However, several limitations
need to be taken into account when interpreting the findings.
First, sleep duration was evaluated only at the start of the
study and was based on patient self-report rather than
objective measures such as actigraphy. Home BP was also
only determined over a single 14-day period at the beginning
of the study. Therefore, the impact of changes in home BP or
sleep duration over time on the study findings is unknown.
The majority of patients in the study (>80%) were taking
antihypertensive medication, and no comparisons were made
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between treated and untreated patients. Therefore, the effects
of antihypertensive therapy on the relationships identified in
this study cannot be determined. Finally, the longitudinal
study design provides data on associations between sleep
duration and/or nighttime BP and CVD events but does not
allow causation to be attributed.

Conclusions

These findings showed some modulation of the effect of
sleep duration on CVD risk by nighttime home BP. This
finding highlights the importance of considering both sleep
duration and nighttime BP in cardiovascular risk assess-
ments and suggests that sleep hygiene is an important con-
sideration when designing and implementing CVD
prevention strategies in patients with hypertension. Future
studies will help to determine whether improving the dura-
tion and quality of sleep will help prevent the development
and/or progression of CVD. The current study shows that
this research also needs to include an evaluation of nocturnal
BP to provide a more comprehensive picture of CVD risk.
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