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Abstract
Purpose of Review In this review, we summarize recent epidemiological data (2014–2019) that examine the association of sleep
variability with blood pressure (BP), discuss potential underlying mechanisms, and highlight future research directions.
Recent Findings Higher standard deviations of sleep duration and sleep-onset timing were not related to BP. However, a higher
Sleep Regularity Index score was associated with lower odds of hypertension. Studies on social jetlag, a prevalent form of sleep
variability, reported null associations. In contrast, lower interdaily stability in circadian rest-activity rhythms, a measure of
invariability in sleep-wake cycles between days and synchronization to light and dark cycles, was associated with higher BP
and greater hypertension odds, particularly among non-shift workers.
Summary Sleep variability is consistently associated with risk factors for hypertension. Evidence on sleep variability and BP is
limited and varies depending on the measure used to characterize day-to-day variability in sleep. Studies that identify and utilize a
standard definition of sleep variability, incorporate a 24-h ambulatory BP monitoring, and ensure coinciding timing of sleep and
BP measurements are necessary to disentangle these relationships.
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Introduction

Hypertension is one of the most prevalent causes of cardiovas-
cular disease (CVD) that is preventable through a combination
of lifestyle behaviors [1••]. One such preventable behavior,
poor sleep, is increasingly recognized as a risk factor for ele-
vated blood pressure (BP) and hypertension [2••]. Sleep dura-
tion is the most widely studied aspect of sleep health, and both
short and long sleep are associated with risk of having elevated
blood pressure [2••,3••]. In addition, several other sleep pheno-
types such as sleep-disordered breathing, poor sleep quality
(including low sleep efficiency and high sleep fragmentation),
and insomnia have been linked to hypertension [2••,4,5].

Along with sleep duration and quality and sleep-disordered
breathing, accumulating evidence suggests that the stability of
sleep-wake cycles may also be associated with CVD risk. The
variability of sleep patterns, particularly duration and timing of
sleep, could disrupt the circadian rhythmicity of biological pro-
cesses. Disrupted circadian rhythms play a documented role in
elevating cardiovascular risk, as demonstrated initially in stud-
ies of shift workers [6]. However, evenmild variability in sleep-
wake patterns across multiple days, independent of the short
sleep duration and circadian misalignment often experienced

This article is part of the Topical Collection on Sleep and Hypertension

Dr. Zuraikat serves as co-first author with Dr. Makarem

* Nour Makarem
nm2968@cumc.columbia.edu

* Marie-Pierre St-Onge
ms2554@cumc.columbia.edu

1 Department of Medicine, Sleep Center of Excellence, Columbia
University Irving Medical Center, 51 Audubon Avenue, 5th floor,
500-H, New York, NY 10032, USA

2 Department of Medicine, Sleep Center of Excellence, Columbia
University IrvingMedical Center, 1150 Saint Nicholas Avenue, Suite
121, New York, NY 10032, USA

3 Department of Medicine, Sleep Center of Excellence, Columbia
University Irving Medical Center, 51 Audubon Avenue, Suite 505,
New York, NY 10032, USA

4 Department of Medicine, Sleep Center of Excellence, Columbia
University Irving Medical Center, 630West 168th Street, Room 512,
New York, NY 10032, USA

5 Department of Medicine, Sleep Center of Excellence, Columbia
University Irving Medical Center, 21 Audubon, SB-0132, New
York, NY 10032, USA

Current Hypertension Reports
https://doi.org/10.1007/s11906-020-1025-9

Published online: 21      February 2020

(2020) 22: 19

http://crossmark.crossref.org/dialog/?doi=10.1007/s11906-020-1025-9&domain=pdf
mailto:nm2968@cumc.columbia.edu
mailto:ms2554@cumc.columbia.edu


by night shift workers, could lead to circadian disruption and
elevate CVD risk [7•,8]. A prevalent form of circadian disrup-
tion resulting from differences in sleep duration and timing on
workdays versus non-workdays is the phenomenon of “social
jetlag.” Social jetlag is defined as the desynchrony between
circadian and social clocks and is typically assessed by evalu-
ating the difference between weekday and weekend sleep-wake
cycles [9, 10]. Several epidemiological studies have shown an
association between social jetlag and cardiometabolic health,
including BP [11].

The study of associations between measures of sleep vari-
ability and BP is in the nascent stages. In light of a growing
interest in the role of sleep variability in hypertension etiology,
the purpose of the present review is to summarize and discuss
studies from the past 5 years (2014–2019) that have examined
measures of day-to-day variability in sleep patterns, including
studies of social jetlag (defined in Table 1), in relation to hyper-
tension risk and BP level among adults. We also review the
evidence on sleep variability in relation to clinical and lifestyle
risk factors for hypertension.We conclude by identifying prom-
ising lines of research in this area. Notably, discussion of shift
work in relation to BP is beyond the scope of this review since
the impact of variability in sleep patterns, relative to short sleep
duration and circadian misalignment, would be difficult to iso-
late. To our knowledge, this represents the first review of the
epidemiologic evidence on sleep variability, social jet lag, and

BP, and we use these data to emphasize clinical and public
health implications of the existing literature on this topic.

Associations of Day-to-Day Variability
in Sleep Duration and Timing With Blood
Pressure and Hypertension Risk

The use of standard deviations (SD) of sleep duration and
sleep-onset timing, assessed across multiple nights, has
emerged as a means of quantifying day-to-day variability in
sleep patterns; higher SD represent greater variability in sleep
patterns. We identified two studies that used this approach to
investigate the association of sleep variability with BP level
and hypertension risk (Table 2). The first of these studies was
conducted among 2003 men and women from the Multi-
Ethnic Study of Atherosclerosis (MESA) Sleep Ancillary
Study, which coincided with MESA clinical Exam 5. This
study included cross-sectional and prospective analyses of
associations between sleep variability and components of the
metabolic syndrome, including BP. Wrist-worn actigraphy
was used to assess sleep over a 7-day period. BP and hyper-
tension status were evaluated at clinical Exams 5 and 6 (2010–
2011 and 2016–2018, respectively). In both cross-sectional
and prospective analyses, higher SD for sleep duration and
sleep-onset timing, indicative of greater sleep variability, were

Table 1 Definitions of different measures related to sleep-wake variability

Sleep variability measure Operational definition Measurement tool Reference
number
for studies using
measure

Standard deviation of sleep duration Standard deviation of nightly sleep duration across
the total number of days assessed

Higher values indicate greater variability of
night-to-night sleep duration

Wrist-worn actigraphy1 [12••,13•]

Standard deviation of sleep-onset timing Standard deviation of nightly sleep onset timing
across the total number of days assessed

Higher values indicate greater variability of
night-to-night sleep onset timing

Wrist-worn actigraphy1 [12••]

Sleep Regularity Index The probability of the same sleep/wake state being
observed at any two time points, 24-h apart
(30-s epochs)

Higher values indicate greater regularity of sleep
patterns

Wrist-worn actigraphy [15•]

Interdaily Stability Index Days are divided into 24 1-h bins; variance in
activity explained by these bins is compared
to the total variance across days

Scores are between 0 and 1 with lower scores
indicating less stability across days

Wrist-worn actigraphy [7•,8]

Social jetlag Difference in sleep patterns on work vs.
non-workdays, measured by evaluating
difference is sleep midpoint (midpoint between
sleep onset and sleep offset) on weekdays vs.
weekends

Wrist-worn actigraphy or
self-reported wake and sleep
times on weekdays and weekends

[7•,18–20]

1 SD of sleep parameters could also be calculated from multi-day self-reported sleep data, although not done in these studies
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not significantly associated with systolic BP (SBP), diastolic
BP (DBP), or hypertension risk. Every 1-h increase in the SD
of sleep duration and sleep-onset timing was associated with a
non-significant 16 and 7% respective increase in risk for inci-
dent hypertension [12••]. These findings were confirmed in an
analysis of sleep and cardiovascular risk in 2598 Swiss
middle-aged participants from the CoLaus study [13•]. Sleep
was measured objectively over 2 weeks via a wrist-worn ac-
celerometer as an optional measure coincidingwith the second
follow-up visit; variability in sleep duration was defined as the
SD of sleep duration across nights. In that study, there was no
significant association between sleep duration variability and
odds of having hypertension [13•].

Another indicator of day-to-day variability in sleep is the
Sleep Regularity Index (SRI) [14,15•]. The SRI uses
accelerometry to indicate the likelihood that the same points
in time, 24 h apart, fall within the same sleep-wake state
[14,15•]. The SRI differs from SD of sleep duration and
timing in that it is sensitive to acute changes in sleep patterns.
In addition, it considers multiple sleep periods in a single day.
This metric was used to evaluate the association between sleep
variability and 10-year CVD risk in an ethnically diverse co-
hort of 1978 adults from the MESA Sleep Ancillary Study
[15•]. Compared to those without hypertension, those with
hypertension had lower SRI (medians, 72.9 vs. 76.8), which
is indicative of greater variability in sleep-wake patterns.
Furthermore, compared to irregular sleepers (those in the low-
est quintile of SRI), regular sleepers (highest quintile of SRI)
had lower SBP and DBP [median (IQR) for SBP, 117.0 (24.5)
vs. 121.5 (26.0) mmHg; median (IQR) for DBP, 66.5 (12.0)
vs. 68.5 (14.9) mmHg] along with lower rates of hypertension
(~ 10 vs. ~ 30%). Contrary to previous findings from this co-
hort, these data indicate that regularity in sleep patterns may
indeed be associated with lower hypertension risk. The differ-
ence in findings may be due to the type of measures used,
suggesting that more sensitive measures of sleep variability
are needed to detect these associations. Determination of the
most reliable methodology to capture sleep variability is need-
ed. Alternatively, the regularity in sleep timing, which is cap-
tured by the SRI, is more strongly associated with BP and
hypertension risk than consistency in sleep duration.

Association of Interdaily Stability in Circadian
Rest-Activity Rhythms With Blood Pressure

The Interdaily Stability Index (ISI) is one of the variables used
to assess the circadian pattern of rest-activity rhythms. The ISI
is estimated from accelerometry count data, collected over
several days, using rhythmometric methods, and serves as a
non-parametric measure of invariability between days and
synchronization to environmental cues [16•]. In two recent
studies (Table 2), the ISI has been used to quantify theT
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regularity of sleep patterns over the course of several days and
to provide a measure of sleep-wake rhythms stability in rela-
tion to BP [7•,8].

Analysis of interdaily stability and hypertension risk in
2156 men and women from the Hispanic Community Health
Study/Study of Latinos (HCHS/SOL) Study showed signifi-
cant associations of ISI with both BP levels and hypertension
prevalence [7•]. Small but statistically significant differences
in ISI were observed between participants with and without
hypertension; those without hypertension had higher scores,
indicative of greater stability of rest-activity patterns across
days. In addition, a 10% decline in interdaily stability was
related to a 3% increase in hypertension prevalence (95%
CI, 0.6–5.3). A 10% reduction in ISI score was also associated
with significant increases in SBP and DBP of 0.78 mmHg
(95% CI, 0.12–1.45) and 0.80 mmHg (95% CI, 0.28–1.32),
respectively, although the clinical relevance of these changes
in BP levels is unclear. These associations were attenuated
after adjustment for other factors, including shift work; how-
ever, analyses stratified by shift work status showed that as-
sociations between interdaily stability and hypertension
remained significant in the non-shift work group [7•]. In the
Rush Memory and Aging Project, a study conducted among
1137 men and women aged 81.6 ± 7.5 years, greater interdaily
stability (higher ISI) was associated with 22% lower odds of
hypertension [8]. This association was independent of differ-
ences in objectively measured total daily physical activity or
rest. Taken together, these findings suggest that the stability of
sleep-wake or rest-activity patterns is associated with hyper-
tension risk at the population level.

Social Jetlag and Blood Pressure

While SD of sleep duration and sleep-onset timing, SRI, and
ISI provide important insight on variability in sleep and rest-
activity patterns, a pervasive phenomenon related to sleep
variability is social jetlag. Social jetlag reflects a persistent
misalignment between an individual’s endogenous circadian
clock and their actual sleep and wake times as a consequence
of modern society’s work and social schedules [11].
Individuals cycle back and forth between socially imposed
sleep-wake schedules on workdays and sleep-wake schedules
that reflect innate circadian rhythms on non-workdays. Given
that social jetlag represents the difference in sleep patterns on
workdays vs. non-workdays, it may also serve as an indicator
of variability in habitual sleep patterns. Although there are no
formal estimates from epidemiological studies on the actual
prevalence of social jetlag in the US population, recent
internet-based studies indicate that more than two-thirds of
participants report at least 1 h of social jetlag [9, 10], suggest-
ing that this phenomenon is highly prevalent worldwide. In
Australia, one-third (31.1%) of respondents experienced > 1 h

of social jetlag [17], whereas its prevalence was estimated at
24% in Brazil [18]. In one Dutch study, approximately 63% of
participants reported > 1 h of social jetlag [19].

Four studies have examined social jetlag, defined as the
difference between the midpoint of sleep on weekdays and
weekends, in relation to BP and have demonstrated null asso-
ciations (Table 2) [7•,18–20]. In the HCHS/SOL study, there
was no association between social jetlag and BP or hyperten-
sion risk [7•]. A prospective study of 390 young and healthy
US adults quantified social jetlag from rest-activity monitor-
ing (armband actigraphy) over 6–10 days every 6 months for a
period of 2 years [20]. Social jetlag was not independently
associated with SBP or DBP nor was it associated with an-
thropometric measures. Similarly, in a cross-sectional study of
792 Brazilian adults with obesity, hypertension, type 2 diabe-
tes, and/or dyslipidemia, an absolute difference between mid-
sleep time on weekends and weekdays of ≥ 1 h was not asso-
ciated with BP [18]. However, social jetlag was associated
with greater risk of having overweight/obesity in all partici-
pants and poorer lipid profiles (e.g., higher triglycerides and
total cholesterol) among the metabolically unhealthy obese
participants.

Null associations of social jetlag with hypertension risk
were also observed in an observational study of 145 healthy
participants (67 men and 78 women; age, 18–55 years; BMI,
18–35 kg/m2) from the Netherlands [19]. Although the partic-
ipants with ≥ 2 h of social jetlag had shorter sleep duration
during the week and were more physically inactive compared
with participants who had ≤ 1 h of social jetlag, there was no
significant association with BP or with measures of adiposity
(BMI and waist circumference) [19]. Thus, social jetlag is
associated with increased body weight and cholesterol, phys-
ical inactivity, and shorter sleep duration, suggesting its role as
a cardiometabolic risk factor.

Associations of Sleep Variability With Risk
Factors for Hypertension: Mechanisms
Underlying a Possible Sleep Variability-BP
Link?

Even though the limited existing epidemiological evidence on
day-to-day variability in sleep duration, sleep timing, and so-
cial jetlag in relation to BP is inconsistent, such relationships
are biologically plausible. Both day-to-day variability in sleep
patterns and social jetlag have been linked to increased risk of
having the metabolic syndrome [12••,15•,21,22•] as well as
known clinical and lifestyle risk factors for hypertension in-
cluding obesity, insulin resistance, and diet.

Measures of sleep variability are associated with obesity, a
risk factor for the development of hypertension [23] that is
estimated to explain up to 70% of hypertension cases [24].
In a population of older US men and women (Osteoporotic
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Fractures in Men Study/Study of Osteoporotic Fractures),
each 1-h increase in actigraphy-assessed SD in sleep duration
was associated with 63% and 22% higher likelihood of obe-
sity in men and women, respectively [25]. Similar findings of
an association between sleep duration variability and BMI
were observed in the Hiroshima Sleep and Healthcare study;
this cross-sectional analysis of nearly 10,000 adults defined
sleep variability as the difference between longest and shortest
self-reported sleep duration in a night over the course of a
week [26]. Lower variability in day-to-day sleep duration
was also correlated with greater reductions in BMI at the 1-
year time point of the PREDIMED-Plus Trial, suggesting that
sleep stability may contribute to success in weight loss [27•].

Beyond variability in sleep duration, instability in sleep
timing has also been linked to obesity [12••,28]. In an investi-
gation of sleep variability in relation to metabolic syndrome in
MESA, higher SD of actigraphy-assessed sleep-onset timing
was associated with 25% higher odds of having central obesity
[12••]. Variability in self-reported bedtime, measured using the
Sleep Timing Questionnaire [29], was also associated with in-
creased likelihood of obesity in a sample of 225 US adults
recruited at an urban hospital-affiliated family medicine center
[28]. Similarly, social jetlag is related to obese phenotypes,
including higher average BMI, obesity risk, and fat mass, in
the Dunedin Multidisciplinary Health and Development Study
(n = 1037) [21]. In addition, social jetlag, over and above the
impact of sleep duration, was also related to higher BMI and
greater likelihood of being overweight in a sample of 65,000
respondents from a European online database [10].

Factors downstream of obesity, including insulin resistance
and inflammation, are also related to BP levels [23]. Indeed,
sleep variability has been linked to markers of glycemic reg-
ulation and inflammation in the literature. Sleep variability,
including lower SRI scores, higher SD of sleep duration and
sleep-onset timing, and social jetlag are associated with higher
fasting blood glucose and glycated hemoglobin levels as well
as higher homeostatic model assessment insulin resistance
values [12••,15•,18,30,31]. Social jetlag is associated with in-
creased risk for prediabetes and type 2 diabetes [22•]. A cross-
sectional analysis showed that social jetlag of 1–2 h was as-
sociated with 73% greater likelihood of prediabetes (fasting
plasma glucose ≥ 6.1 mmol/L and HbA1c ≥ 6.0%) and type 2
diabetes (fasting plasma glucose levels ≥ 6.5 mmol/L, HbA1c
levels ≥ 6.5%) in younger but not in older adults [22•].
Observed associations of sleep variability and social jetlag
with markers of diabetes are noteworthy, given that the pres-
ence of type 2 diabetes can lead to the development of hyper-
tension [32]. Likewise, day-to-day variability in self-reported
time in bed and social jet lag are both associated with markers
of inflammation, including interleukin-6 [33] and cortisol
[19], which are linked to increased BP [34, 35]. Taken togeth-
er, these data suggest that variability in sleep duration and
timing as well as social jetlag could contribute to hypertension

risk, possibly via changes in insulin sensitivity and
inflammation.

Finally, variability in sleep patterns appears to have a det-
rimental influence on diet, one of the most important behav-
ioral risk factors for hypertension [1••]. In the HCHS/SOL,
variability in sleep duration (assessed using the SD of sleep
duration measured over several nights) was inversely related
to intake of whole fruits [36]. Furthermore, among Brazilian
adults, social jetlag (> 1 h) was associated with higher report-
ed intakes of total calories, protein, total fat, saturated fat,
cholesterol, and servings of meat and eggs and sweets [37].
In addition to poor diet quality, social jetlag was also related to
unhealthy eating patterns, including later meal times [37].
Later circadian timing of food intake has in turn been recently
linked to higher BP levels and greater odds for hypertension
[38]. Thus, diet may represent an additional mechanism
through which social jetlag may influence blood pressure
levels.

In summary, epidemiologic studies support associations of
sleep variability with health outcomes strongly predictive of
hypertension risk, including obesity, glucose dysregulation,
and inflammation. While causal pathways remain to be
established, these observations suggest a link between vari-
able sleep patterns and vascular health.

Future Research Directions

Heterogeneity in the sleep variability metrics, the definitions
of hypertension, methods to assess BP, and characteristics of
study populations across available studies limit comparability
of results. Perhaps the most notable limitation is the lack of a
standard definition for the construct of sleep variability.
Measures, such as SD of sleep duration and sleep-onset
timing, indices like the SRI and ISI, and social jetlag, may
reflect different aspects of sleep variability. Alternatively, it
may be useful to use these measures in combination, as they
may capture distinct aspects of sleep variability that exhibit
differential associations with BP, which may be important to
decipher. Given that an increasing number of population-
based cohort studies have ancillary sleep studies with objec-
tively assessed sleep, this could be a useful source for identi-
fication of standardized metrics to assess sleep variability. In
the future, clinical trials that randomly allocate variable bed-
times and sleep duration are needed to establish a definitive
link between sleep patterns and BP and to identify novel in-
terventions targeting sleep that improve cardiovascular health.

In addition, standardizing timing and the method of BP
assessment relative to the sleep assessment is needed. In some
epidemiological studies, such as MESA and HCHS/SOL,
clinic BP is assessed at the main study exam, and sleep is
assessed at a different time point during the ancillary sleep
study [7•,12••,15•]. It is possible that the observed null
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associations are due to the lack of concurrent sleep and BP
assessments. Furthermore, there is a circadian rhythmicity to
BP levels [39] that cannot be captured during a clinic BP
assessment, and abnormalities in 24-h BP diurnal patterns
are associated with elevated cardiovascular risk, independent
of clinic BP levels. In fact, recent data suggest that nocturnal
BP may be a stronger predictor of CVD risk than clinic BP
[40•]. Incorporating 24-h ambulatory BP monitoring concur-
rently with wrist actigraphy in population-based cohort stud-
ies could be useful to better assess how day-to-day variability
of sleep patterns influences morning BP surge, nocturnal dip-
ping, and night-to-day variability in BP.

Finally, a key opportunity to extend knowledge on the role
of sleep variability in the development of hypertension would
be to examine these associations in diverse and vulnerable pop-
ulations. For instance, social jetlag should be evaluated in rela-
tion to BP among racial/ethnic minorities, particularly African
Americans, who may be more prone to disrupted sleep [41, 42]
and are disproportionately affected by hypertension [43].
Although sleep variability in relation to BP has been investi-
gated in a subset of MESA and HCHS/SOL participants, these
studies do not evaluate differences in these associations by sex,
age group, or by race/ethnicity due to sample size limitations.

Conclusions

Intra-individual variability in habitual sleep patterns, includ-
ing irregular sleep-onset timing and duration across days, as
well as social jetlag, appears to contribute to poor cardiomet-
abolic health. Variability in sleep timing is more consistently
associated with BP than variability in sleep duration.
Furthermore, while social jetlag is not associated with BP,
interdaily stability in sleep-wake cycles and rest-activity
rhythms has been associated with higher hypertension risk.
The inconsistency of these associations may be due to the
limited epidemiologic data on this topic, particularly from
prospective studies, differences in study populations, as well
as methodological limitations.

Standardization of metrics to assess sleep variability and the
use of continuous BP monitoring, which allows capturing of
diurnal and nocturnal variations in BP levels, are needed to
accurately assess the link between sleep patterns and cardio-
vascular health. Of greatest importance is the necessity to de-
velop a standardized definition of sleep variability to facilitate
comparisons across different studies and populations. We sug-
gest focusing on variability in sleep duration and sleep-onset
timing in future research, as these represent modifiable behav-
ioral factors that could easily be targeted for intervention. Such
studies would be critical for disentangling the complex rela-
tions between sleep variability and BP and for the development
of public health guidelines and clinical recommendations ad-
dressing sleep schedules to optimize BP control.
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