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Abstract

This review summarizes recent literature addressing the association of short sleep duration, shift 

work, and obstructive sleep apnea, with hypertension risk, blood pressure (BP) levels, and 24-h 

ambulatory BP. Observational studies demonstrate that subjectively assessed short sleep increases 

hypertension risk, though conflicting results are observed in studies of objectively assessed short 

sleep. Intervention studies demonstrate that mild and severe sleep restriction are associated with 

higher BP. Rotating and night shift work are associated with hypertension as shift work may 

exacerbate the detrimental impact of short sleep on BP. Further, studies demonstrate that shift 

work may increase nighttime BP and reduce BP control in hypertension patients. Finally, moderate 

to severe obstructive sleep apnea is associated with hypertension, particularly resistant 

hypertension. Obstructive sleep apnea is also associated with abnormal 24-h ambulatory BP 

profiles, including higher daytime and nighttime BP, non-dipping BP, and a higher morning surge. 

Continuous positive airway pressure treatment may lower BP and improve BP dipping. In 

conclusion, efforts should be made to educate patients and healthcare providers about the 

importance of identifying and treating sleep disturbances for hypertension prevention and 

management. Empirically supported sleep health interventions represent a critical next step to 

advance this research area and establish causality.
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Introduction

Sleep is a multi-dimensional health behavior. Sleep disturbances are ubiquitous among US 

adults.1-5 Sleep disturbances may result from several etiologies including unhealthy sleep 

behaviors (the most prevalent and widely studied being short sleep duration), presence of 

sleep disorders such as obstructive sleep apnea (OSA), a form of sleep disordered breathing 

characterized by complete or partial upper airflow cessation during sleep, and/or recurrent 

circadian disruption with misalignment of the timing and regularity of lifestyle behaviors 

and endogenous circadian rhythms within a 24-h period, often induced by shift work.6,7 

More than a third of US adults sleep less than the recommended 7h/night.1,2 Among night 

shift workers, who make up ~25% of the US workforce8 , the prevalence of a sleep duration 

<7h is 62%.3,4 Shift workers also report higher prevalence of poor sleep quality and 

insomnia4 and are vulnerable to recurrent circadian misalignment.6 Finally, overall 

prevalence of mild to severe OSA among adults aged 30-70y has been estimated at 26%; 

prevalence rates vary by age, sex, and BMI, but are generally increasing particularly among 

obese adults.5,9

Short sleep, shift work, and OSA are associated with hypertension (HTN) risk.10-12 OSA is 

considered a secondary cause of HTN.9 Although a growing body of evidence has linked 

short sleep and shift work to HTN risk10,12 , neither are included as risk factors in HTN 

guidelines. Furthermore, it is unclear whether short sleep and shift work share common 

underlying mechanisms.11

This review summarizes recent literature (2015-2020) addressing the association of short 

sleep, shift work, and OSA, with prevalent and incident HTN, clinic systolic blood pressure 

(SBP) and diastolic BP (DBP), and abnormalities in ambulatory BP among adults. To our 

knowledge, this represents the first review of these sleep disturbances, taken together, in 

relation to HTN, clinic BP, and measures out-of-clinic BP level and diurnal pattern, which 

are more strongly related to future cardiovascular disease risk than clinic blood pressure. We 

also review the distinct and common mechanisms that may underlie the associations of these 

sleep disturbances with HTN, given that sleep problems tend to cluster. Lastly, we highlight 

the methodological limitations of existing studies and the remaining knowledge gaps, which 

may help guide future observational and experimental studies within this research area.

Short Sleep Duration and BP

A 2016 American Heart Association (AHA) scientific statement on sleep and 

cardiometabolic health concluded that there is strong epidemiological evidence that self-

reported short sleep duration, defined using different cut-offs (≤5h, ≤6h, or ≤7h), is a risk 

factor for HTN.7 As discussed in a 2019 review on sleep duration and BP12 , most studies 

utilizing self-reported sleep duration have reported higher HTN risk among short sleepers, 

whereas those utilizing objectively-measured sleep duration have yielded conflicting results.
13-16 Short sleep in combination with sleep disorders may be particularly harmful. Among 

7,107 OSA patients, objectively-assessed sleep duration between 5-6 h and <5h increased 

the odds of HTN by 45% and 80%, respectively.15 Extremely short sleep duration (<5h) was 
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more detrimental than OSA in terms of HTN risk suggesting that short sleep in OSA may be 

a target for HTN prevention.

The association of short sleep with the circadian pattern of BP, typically assessed using 24-h 

ambulatory BP monitoring (ABPM), is not well-characterized12 , despite the strong 

association of abnormalities in 24-h ambulatory BP patterns including non-dipping BP 

(<10% reduction in nighttime BP) with cardiovascular disease (CVD) morbidity and 

mortality.9 Two recently published studies17,18 have examined objectively-assessed short 

sleep duration, utilizing wrist actigraphy, and 24-h ambulatory BP. In a post-hoc analysis of 

data from the Lifestyle Modification in Blood Pressure Lowering Study (LIMBS) of adults 

aged 18-80y and the Penn Icelandic Sleep Apnea Study (PISA) of adults aged 40-65y, mean 

24-h SBP was 12.7 mmHg higher and 4.7 mmHg higher respectively, among participants 

with sleep duration <7h vs. ≥7h (p<0.01).17 In LIMBS, the greatest difference was observed 

for daytime SBP (12.1 mmHg, p<0.001), but significant differences were also reported for 

nighttime SBP (9.3 mmHg, p=0.029). Shorter sleep duration was also associated with higher 

24-h SBP, independent of nighttime and office BP. Similarly, in the longitudinal North Texas 

Heart Study (n=300 adults, 50% women, age: 21-70y), shorter actigraphy-derived sleep 

duration was associated with higher daytime and nighttime BP.18 A temporal trend between 

sleep duration and BP the next day was observed, as shorter sleep duration on one night was 

associated with higher SBP the following day.

Intervention studies examining the effect of sleep restriction on BP are limited. In a small 

study (n=20, mean age: 31.6y), 24-h shift-related short-term sleep deprivation (24-h shift 

with ~3h of sleep) increased SBP (+5.7 mmHg; p=0.011) and DBP (+6.3 mmHg, p=0.009).
19 Similarly, in a study (n=30, mean age: 26.7y) of acute stress-induced arousal and its 

association with sleep, self-reported and objectively-assessed short sleep duration (<6h) 

were moderately correlated with increased morning BP.20

Two trials investigated the effects of sleep restriction on 24-h ambulatory BP.21,22 In a 

randomized controlled trial (n=45, mean age: 32y,), participants assigned to repeated sleep 

restriction (4h of sleep/night for 3 nights, followed by recovery sleep of 8h, repeated 4 times 

in succession) vs. a control condition (8h/night)21 , had non-dipping DBP and higher BP 

during blocks of sleep restriction. These data demonstrate that repeated exposure to 

shortened sleep reduces BP dipping, despite intermittent catch-up sleep. Whether frequent 

shortened sleep may increase HTN risk due to non-dipping BP is unknown.

The effect of prolonged mild sleep restriction on BP has been examined in one randomized, 

crossover trial of 24 pre-menopausal women with overweight/obese or at-risk for obesity, 

who completed a 6-week intervention (delayed bedtime by 1.5h) and 6 weeks of habitual 

sleep with a 6-week washout between phases.22 There was a significant sleep × week 

interaction on clinic SBP (p=0.036), characterized by an increase in weekly SBP over time 

in the sleep restriction vs. habitual sleep phase. Additionally, 24-hour DBP, wake DBP, and 

mean arterial BP were higher after 6 weeks of sleep restriction compared with habitual 

sleep. Psychological variables (perceived stress, stressful events and distress, and lower 

resilience) did not mediate the association between sleep restriction and BP, suggesting 

mechanisms independent of psychological stressors may be at play.
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Shift Work and BP

Shift work refers to a work schedule that falls outside the traditional 9:00AM–5:00PM 

workday and may encompass evening or night shifts, early morning shifts, and rotating 

shifts.

Shift work is associated with CVD morbidity and mortality23 , and recent studies continue to 

support the hypothesis that shift work increases HTN risk.24-27 HTN incidence is higher 

among shift workers who experience repeated and prolonged exposure to elevated BP during 

periods of shift work.10,23 A 2017 meta-analysis of 27 observational studies demonstrated 

that shift work is associated with 31% and 10% higher odds of HTN in cohort studies and 

cross-sectional studies, respectively.10 In cohort studies, rotating shift work was associated 

with 34% higher HTN risk (OR[95%CI]:1.34[1.08–1.67]). Cohort data on night shift work 

and HTN are limited, but the pooled estimate from cross-sectional studies was non-

significant (OR[95%CI]:1.07[0.85–1.35]).10

Recent studies support the hypothesis that shift work increases HTN risk.24-27 In a cross-

sectional study of 1,953 male workers (including 1,075 shift workers) in China, individuals 

with rotating and night shift work (11PM to 7AM for 4 days, followed by 3PM to 11PM for 

4 days, followed by 7AM to 3PM for 4 days with 1-2 off days between the night, afternoon, 

and day shifts) had 51% higher odds of having SBP/DBP ≥140/90 mmHg compared to day 

workers.24 In another study of 4,519 Chinese men, where shift work was assessed as the 

frequency of working a shift from 12:00PM to 8:00AM, frequent vs. never shift-workers had 

20% higher odds of having SBP/DBP ≥140/90 mmHg.25 Shift work also modified the 

association of combined short sleep and poor sleep quality on HTN, as odds were 43% and 

97% higher among those who reported an occasional and frequent shift work schedule, 

respectively, suggesting that night shift-work may further exacerbate the detrimental effects 

of short sleep and poor sleep quality on BP.25

Likewise, in a cross-sectional Brazilian study of 2,588 female nurses, current or former night 

shift workers, who reported working from 7:00PM-7:00AM at least once a week, had 68% 

higher odds of self-reported HTN compared to day workers.26 Notably, odds of HTN were 

24% lower in night workers who reported on-shift napping, suggesting that napping may 

mitigate the detrimental effects of sleep restriction and circadian misalignment on BP in 

shift workers, but this finding warrants replication in prospective studies and in other 

populations with objectively-assessed BP.

Prospective data addressing the effects of shift type and rotations on HTN risk are limited. In 

a 2019 US prospective cohort study of 2,151 workers at manufacturing facilities 

(2003-2013), associations between rotational (switching to a different shift based on start 

time) and night work (working a shift ≥3h between 11:00PM-6:00AM) and incident HTN 

were evaluated.27 Workers with mostly night work and frequent rotations (≥50% night and 

≥10% rotation) had 4-fold higher HTN risk compared to non-night workers. Associations 

were strongest among those with 95–100% night work (i.e. “permanent night workers” who 

are consistently experiencing circadian disruption) and among those who engage in both 

night and rotational work. Whether these associations persist over time requires further 
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study. Similarly, in a prospective cohort study of 2,079 shift workers and 5,341 day workers 

from Ontario, Canada (age: 35-69y), history of shift work was associated with 21% and 26% 

higher risk of incident HTN in men and women, respectively, over the 12y follow-up period.
28

The impact of acute exposure to shift work on ambulatory BP was investigated in a 2020 

systematic review and meta-analysis of 50 published papers between 1980-2018.29 On 

average, BP measured during any sleep period separate from shift work was lower by 17.5 

mmHg for SBP and 5.4 mmHg DBP compared to BP measured during shift work, but the 

epidemiological evidence was deemed heterogeneous due to wide variation in shift worker 

type, shift schedules, and regularity of BP measurements between studies. Overall, most 

existing studies compare BP during one shift workday to BP on a rest/leisure day. Additional 

research on the acute and long-term impact of shift work on BP during sleep is warranted, 

particularly among those with elevated clinic or daytime BP. The impact of shift work on 

long-term BP control in shift workers with HTN also needs further investigation. A Korean 

study of >600,000 adults showed that BP control rates in those with HTN who are taking 

HTN medication are lower in night vs. day workers.30 Whether night shift work exacerbates 

uncontrolled BP in those with HTN or impacts adherence to medications is another area for 

further research.

Obstructive Sleep Apnea and BP

OSA which is caused by a collapse of the upper airway during sleep leading to transient 

asphyxia and experiences of hypoxemia, brain arousals, sleep problems, and daytime 

somnolence5,31 is a risk factor for HTN and is highly prevalent in HTN patients (30-50%), 

particularly those with resistant HTN (~80%).32,33 The prevention and treatment of OSA is 

considered a possible target for lowering CVD risk.31,34

OSA, particularly moderate to severe OSA, is associated with prevalent and incident HTN.31 

A 2018 meta-analysis of 26 studies demonstrated that OSA was associated with ~3-fold 

higher resistant HTN risk (OR[95%CI]:2.84[1.70-3.98]).35 Further, mild (apnea-hypopnea 

index (AHI)>5), moderate (AHI>15), and severe OSA (AHI>30) was associated with 18%, 

32%, and 56% higher risk of HTN, respectively, and a dose-response relationship was 

observed. Sub-group analyses by ethnicity and sex demonstrated that associations are 

stronger in Caucasian vs. Asian adults and males vs. females.35 Strong associations between 

OSA and resistant HTN were also recently demonstrated among Black adults in the Jackson 

Heart Study.36 In that study, 913 participants (mean age: 64.0±10.6y) completed in-home 

polysomnography and clinic BP assessments between 2012-2016.36 Participants with 

moderate or severe OSA, defined as a respiratory event index ≥15, had 2-fold greater odds of 

resistant HTN.36

OSA may also impact 24-h ambulatory BP patterns. A 2019 meta-analysis of 1,562 OSA 

patients showed that the prevalence of non-dipping BP was 59.1%.37 When comparing OSA 

patients to controls, OSA was associated with 47% greater odds of having non-dipping BP, 

while moderate to severe OSA was associated with 67% higher odds of having non-dipping 

BP. Longitudinal data demonstrated a dose-response relationship between OSA severity at 
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baseline and odds of developing a non-dipping SBP profile.38 In a clinic-based sample of 

100 HTN patients (mean age: 58±10y)39 , 10.5% of dippers vs. 43.5% of non-dippers had an 

AHI ≥15, indicative of moderate to severe OSA. AHI also predicted the magnitude of BP 

dipping (β =−0.288, p=0.03), suggesting that patients with non-dipping BP are at high risk 

of OSA. Similarly, a cross-sectional study of 153 patients (median age: 62y) showed that 

individuals with a reverse BP dipping pattern (SBP ratio>1.00) had ~4-fold higher odds for 

OSA.40 When BP dipping patterns were defined based on DBP ratios, individuals with both 

non-dipping (0.90<DBP ratio≤1.00) and reverse BP dipping patterns (DBP ratio>1.00) had 

2.7-fold and 3.5-fold higher odds of OSA, respectively.40

Higher AHI, indicative of greater OSA severity, has also been linked to higher morning and 

evening mean BP, and higher morning surge (exaggerated increase in BP from nighttime to 

early morning).31,41-44 Limited data, mostly from male participants, also suggest that 

masked HTN (normal clinic BP with high ambulatory BP) is prevalent among individuals 

with moderate to severe OSA.45-48 Finally, OSA treatments including continuous positive 

airway pressure (CPAP) and mandibular advancement devices may lower CVD risk, as they 

have been associated with reduced BP.49,50 Short-term CPAP treatment may also help 

decrease diurnal BP variability and may convert “non-dippers” into a dipping 24-h BP 

profile especially among patients with resistant HTN.50,51

Sex and Racial/Ethnic Differences

Women may be more prone to the effects of short sleep duration on HTN risk, particularly 

during young adulthood. In a meta-analysis of cross-sectional studies52 , sleeping ≤5 h or ≤6 

h was associated with 36% higher odds of HTN among women only. Similarly, in a meta-

analysis by Wang et al. sleeping ≤ 5 h vs. 7 h was associated with 68% higher HTN risk 

among women, but null results were observed for men. However, evidence from US 

populations is mixed. Sex differences were not reported for the relation between short sleep 

and HTN in the Coronary Artery Risk Development in Young Adults (CARDIA) study53 , 

the Sleep and Heart Health Study54 , or the Hispanic Community Health Study/Study of 

Latinos sleep study.13 Data from the Western New York Study55 and the Behavioral Risk 

Factor Surveillance System and National Health Interview Survey (NHIS)56 demonstrate 

that short sleep is related to elevated HTN risk in women. In the Nurses’ Health Study, 

sleeping ≤5 h or 6 h vs. 7 h was associated with up to 25% higher odds for HTN57 , but 

sleeping ≤5 h was associated with a 20% higher risk of incident HTN only in women aged 

<50 y.57 Consistent with these results, in the Western New York Study, the association 

between short sleep and HTN was stronger among pre-menopausal women, in whom short 

sleep was associated with >3-fold higher odds for HTN vs. 49% higher risk observed in 

postmenopausal women.55

On the other hand, it appears that the association of moderate to severe OSA with HTN may 

be stronger in men compared to women. In the prospective Vitoria Sleep Cohort of >1000 

Spanish adults aged 30 to 70 years (43.7% male), although there was no significant 

association between OSA and hypertension risk and the study revealed no sex differences58, 

in a subsequent analysis, moderate to severe OSA was associated with >2-fold higher odds 

of having moderate to severe hypertension, defined as SBP ≥160 and DBP ≥ 100 mm Hg, in 
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men but not women.59 However, sex differences in the cardiovascular impact of OSA is an 

area in the nascent stages of characterization, and additional research is needed to decipher 

how OSA frequency and severity in men and women contribute to sex differences in HTN 

burden. Similarly, evidence is limited regarding sex differences in the effect of shift work on 

HTN risk. In the Canadian Community Health Survey, history of shift work was associated 

with higher HTN rates in both men and women.28 Whether women or men are more prone 

to the cardiovascular consequences of shift work warrants further investigation.

Regarding racial/ethnic differences in the influence of sleep disturbances on BP, as we report 

previously, short sleep duration is likely a contributor to racial disparities in HTN.12 

According to the NHIS, Black adults are 41% more likely than whites to report being short 

sleepers60 , and objectively-assessed sleep data from the Chicago Area Sleep Study indicate 

that Black adults sleep ~48 minutes less than white adults.61 In the NHIS, associations of 

sleep duration with HTN risk varied by race, as Black adults who slept <6h vs. 6-8h were 

34% more likely to report HTN than their white counterparts.62 Similarly, in the CARDIA 

study, sleep duration mediated the difference in DBP change over time between Black and 

white adults.53 Shift work may also be a stronger risk factor for HTN among Black adults. 

In the Nurses’ Health Study, rotating night shift work was associated with 81% higher risk 

for incident HTN in Black adults, but no increase in risk was observed in white adults.63 In 

another study, Black women working a night shift were more likely to have a non-dipper BP 

profile (defined as <10% drop in SBP during sleep) compared to women of other races.64

Differences by race/ethnicity have also been reported for the relation between OSA and 

HTN. In the 2007–2008 National Health and Nutrition Examination Survey, probable OSA 

(derived from self-reported data on OSA diagnosis, snorting, gasping or stopping breathing 

during sleep, and snoring) was associated with 69% and 40% higher odds of HTN among 

Hispanics/Latinos and white but not Black adults.65 In models stratified by both race/

ethnicity and BMI, probable OSA was associated with >4-fold, 65%, and 2-fold greater odds 

of HTN in among Black adults who were overweight, white adults who were overweight, 

and Hispanic/Latino adults who were obese, respectively. Studies linking OSA with 

measures of diurnal BP variation, including nocturnal BP dipping, and differences by race/

ethnicity are lacking.

Potential Mechanisms Underlying the Association of Sleep Disturbances 

with Hypertension

Short sleep, shift work, and OSA have adverse consequences on BP and circadian patterns 

and may alter HTN risk through some shared behavioral, psychological, and physiologic 

pathways (Figure 1), though underlying mechanisms are not fully elucidated.11 Sleep 

deprivation and OSA have been associated with increased sympathetic activity and reduced 

parasympathetic activation during sleep.66-68 In the Multi-Ethnic Study of Atherosclerosis, 

sleeping <6 h was linked to markers of lower levels of parasympathetic tone, higher levels of 

sympathetic tone, and lower high-frequency heart rate variability.69 Disturbances in 

autonomic balance are associated with HTN and non-dipping BP.66,70,71 OSA patients 

experience chronic intermittent hypoxia, sleep fragmentation, and arousals with subsequent 
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sympathetic activation and increased inflammation and oxidative stress, which collectively 

lead to dysfunction of the vascular endothelium and are known HTN risk factors.67

Short sleep, shift work, and OSA are all independently associated with weight gain and 

obesity72-74 and are associated with higher incidence of metabolic syndrome and type 2 

diabetes.75-77 Patients with metabolic syndrome and type 2 diabetes have up to 2-fold 

greater risk of developing HTN78 , and both have been shown to act as partial mediators of 

the association of short sleep and shift work with HTN.57,79,80

The associations of sleep disturbances with HTN as well as with obesity and type 2 diabetes 

(which predispose to HTN) may be explained, at least in part, by the higher prevalence of 

unhealthy behaviors in short sleepers, shift workers, and OSA patients. Sleep restriction and 

shift work are also related to decreases in leptin, increases in ghrelin, increased appetite and 

hunger (with particular cravings for sweets, startch, and salty snacks), higher energy intake, 

and poor overall diet quality.81-85 OSA patients also report lower diet quality.86 Shorter 

sleep has been linked to lower physical activity87 , and physical activity is reduced with 

increasing daytime sleepiness that is characteristic of OSA.74 In shift workers, physical 

inactivity has been shown to mediate associations between shift work and HTN.80 Physical 

inactivity, higher dietary intake, and poor diet quality are independent predictors of HTN9 , 

and lead to obesity and its metabolic sequela, which likely lie in the causal pathway linking 

sleep disturbances to HTN.

Other sleep problems may also underlie the association of short sleep, shift work, and OSA 

with HTN. Poor sleep quality, excessive daytime sleepiness, and insomnia symptoms are 

observed in short sleepers, shift workers, and OSA patients.80,88-90 The downstream effects 

of poor sleep quality, insomnia, and excessive daytime sleepiness on BP7 may contribute to 

the higher HTN risk associated with short sleep, shift work, and OSA. Short sleep and its 

adverse health consequences are also likely one of the mechanisms underlying the 

association of shift work and separately, OSA, with HTN risk.11,12 Shift workers, 

particularly those who are older in age and morning chronotypes (reflecting morning 

preference for daily activities), are more prone to short sleep.91 Similarly, shorter sleep, 

likely due to increased nocturnal awakenings, has been reported in OSA patients, with the 

shortest sleep observed in those with severe OSA.92

Habitual short sleep and shift work can increase HTN risk by disrupting circadian 

rhythmicity and leading to circadian misalignment.29,66,93 The suprachiasmatic nucleus, 

which controls the endogenous circadian rhythm, may become metabolically flattened and 

arrhythmic due to restricted sleep and chronically inverted behavioral cycles that are 

mismatched with 24-h light/dark cycles.66,94-96 Furthermore, short sleep and shift work are 

associated with activity at unconventional circadian times leading to a desynchrony between 

the master clock in the brain and the peripheral clocks in the organs, thus creating a state of 

metabolic dysfunction that predisposes to HTN.66,97,98 Short sleepers and shift workers may 

also have irregular eating behaviors including longer food intake hours, increased nighttime 

eating and meal timing variability.81,97 Collectively, these behaviors disrupt circadian 

rhythmicity, including 24-h BP diurnal patterns66,99 , leading to non-dipping BP, higher 

daytime, nighttime, and 24-h BP, and increased HTN risk.66,98,100,101
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Furthermore, changes to circadian clock genes may represent another mechanism through 

which sleep disturbances lead to elevated BP. The central clock in the suprachiasmatic 

nucleus of the hypothalamus, which regulates the endogenous circadian rhythm, interacts 

with peripheral clocks located throughout the body including within the brain, nervous 

system, kidney, heart, and vasculature to regulate BP throughout the 24-h period.102 This 

central clock is entrained by external cues including light, temperature, humidity, and 

feeding times.103 Through interaction with peripheral clocks, the circadian clock controls 

various intracellular processes such as transcription, translation, and protein post-

translational modifications including phosphorylation, acetylation, and ubiquitylation, as 

well as degradation.103 In fact, a group of transcription factors within the circadian clocks 

regulate gene expression through a series of translational feedback loops.104 Studies using 

mostly animal models have demonstrated that several peripheral circadian clock proteins and 

genes including Circadian Locomotor Output Cycles Kaput (CLOCK), aryl hydrocarbon 

receptor nuclear translocator–like protein 1 (also known as Bmal1), Period (per1, per2, and 

per3), and Cryptochrome (cry1, and cry2) are important regulators of the circadian pattern of 

BP.102,104 For example, whole-body knock out of the Bmal1 gene in mice leads to a loss of 

the circadian rhythm of BP compared to wild-type controls.104

Clock genes also play an important role in regulating sleep homeostasis. Several studies 

have demonstrated that sleep deprivation in adult rats can lead to changes in gene expression 

in the brain.105-108 This includes expression of the circadian clock genes per1 and 

per2.105,109,110 Studies in humans are also suggestive that sleep deprivation can affect gene 

expression and circadian disruption. In a study of 12 males, one night of sleep deprivation 

led to suppression of Bmal1.111 Similarly, in vitro studies have demonstrated that hypoxia 

can increase hypoxia inducible factor-1α (HIF-1α) levels which induces hypoxic response 

genes112 and can lead to circadian misalignment.113 HIF-1α is chronically elevated in OSA 

patients. A small study among 20 patients (10 with severe OSA vs 10 without OSA) showed 

that OSA patients had higher levels of HIF-1α. Higher levels of HIF-1α were correlated 

with higher peripheral clock proteins including Per1, cry1, Bmal, and CLOCK114 suggesting 

that OSA patients may be at higher risk of circadian dysregulation. While preliminary, these 

studies may provide possible insights as to how short sleep duration and separately hypoxia, 

may act at the molecular level by disrupting normal circadian rhythm, ultimately leading to 

higher BP.103,107,108

Finally, sleep disturbances may increase HTN risk via their influence on psychological 

factors, including depression and anxiety. Indeed, a bi-directional association likely exists 

between sleep and depression and anxiety. Short versus normal sleep duration has been 

linked to 31% higher risk for depression.115 Co-morbid depression has been reported in 

OSA patients116 , and OSA is considered an independent risk factor for depression.117 Shift 

work disorder, which refers to sleep impairment (persistent and severe sleep disturbance 

during the sleep period and/or excessive sleepiness during the wake period) resulting from 

shift work, is also strongly associated with depressive symptoms and anxiety, particularly 

among female shift workers.118,119 Depression and anxiety have in turn been linked to 

reduced nighttime BP dipping, higher BP, and greater risk of prevalent and incident HTN.120
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Knowledge Gaps and Future Research Directions

While recent studies add to the evidence base demonstrating that short sleep, shift work, and 

OSA are independently associated with HTN risk, higher BP and 24-h ambulatory BP, these 

data have a number of limitations. Although several sleep studies, nested within population-

based cohorts, have objectively-assessed sleep measures, much of the existing literature on 

short sleep duration in relation to BP relies on self-reported sleep duration, which is only 

moderately correlated with objective sleep and has been shown to be systematically biased.
121 Further, it is important to note that different questions/questionnaires were used for 

measurement of self-reported sleep duration and distinct metrics may be used to estimate 

subjective and objective sleep duration (e.g., reported bedtime vs. sleep onset time); this 

limits comparability of findings among studies. Thus, future studies with objectively 

assessed sleep (i.e. wrist actigraphy) that utilize consistent methodologies for estimating 

sleep duration are necessary to facilitate comparability of study findings and to move this 

field of research forward.

Most studies examining the association between short sleep and BP are cross-sectional. 

Studies published after the release of the 2017 AHA/ACC updated definition for HTN9 , 

continue to use the 140/80 mmHg threshold, which may lead to underestimation of the 

associations between sleep disturbances and prevalent HTN. Further, studies with 

longitudinal and/or continuous BP measurement are lacking. For example, changes in BP 

after exposure to multiple sequential shifts are not adequately captured. Importantly, few 

studies have examined racial/ethnic and/or sex differences or explored how structural level 

factors including racism, neighborhood environment (noise and poverty), and socio-

economic status affect the association between sleep disturbances and HTN.

In studies of shift work, shift work type/duration/timing, occupation, and recovery time 

between shifts are often not considered. OSA studies often have limited sample sizes that 

may not account for OSA severity and the long-term effects of CPAP treatment on BP 

control. In addition, how sleep quality, sleep variability, and insomnia affect the associations 

of sleep duration, shift work, and OSA with BP remains unknown. Finally, it is notable that 

existing studies on sleep disturbances and BP significantly vary in adjustment for potential 

confounders, which limits comparability of findings across the studies. Studies may also 

have residual confounding, as data on other psychosocial factors, lifestyle behaviors (e.g., 

caffeine intake, alcohol use), chronotype, occupational exposures, underlying health status 

and co-morbidities, were not routinely assessed or accounted for in statistical analyses.

Therefore, critical knowledge gaps remain (Table 1). Additional prospective cohort studies, 

and/or ancillary studies, with multiple time points using objective sleep assessments are 

needed to elucidate the longitudinal associations of sleep disturbances with HTN risk and 

BP control, underlying mechanisms, and, interventions. Longitudinal assessment of lifestyle 

behaviors and out-of-office BP using ABPM or home blood pressure monitoring is needed. 

Finally, studies of how multi-dimensional sleep health contributes to HTN risk are needed.
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Conclusion

Sleep disorders and unhealthy sleep behaviors often occur concurrently. Empirically 

supported sleep health interventions represent a critical next step to advance this research 

area and establish causality. If supported, increased efforts should be made to identify and 

treat sleep disturbances for the prevention and management of HTN. Addressing the effects 

of sleep disturbances on BP may have significant public health impact for lowering the HTN 

burden, especially among populations at disproportionate risk.
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Figure 1. Possible Mechanisms Underlying Sleep Disturbances with Hypertension
Short sleep, shift work, and obstructive sleep apnea may increase hypertension risk through 

several physiological mechanisms including disturbed autonomic balance, hormonal 

imbalances, inflammation and oxidative stress, greater predisposition to obesity, metabolic 

syndrome, and type 2 diabetes, and unhealthy lifestyle behaviors. These behavioral and 

physiological factors may lead to higher blood pressure and abnormalities in 24-h 

ambulatory patterns, predisposing to hypertension.
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