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Abstract 

Introduction and purpose 

Hypertension is one of the most common diseases worldwide affecting more than 30% of the 

global adult population. It can lead to serious complications. Making it a major concern for 

modern medicine.  While traditional risk factors such as obesity, diet and lifestyle choices are 

well known, recent evidence suggests that short sleep duration may also play a significant role 

in the development of hypertension. The aim of this study is to summarise information on the 

impact of short sleep duration on the incidence and pathophysiology of hypertension. 

Methods 

A systematic review of scientific articles published between 2015 and 2024 was conducted 

using PubMed. Articles were searched using the following terms: hypertension, high blood 

pressure, short sleep duration, sleep deficiency. 
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Brief description of the state of knowledge 

Current literature suggests that sleep deprivation influences blood pressure regulation through 

multiple pathways, including autonomic nervous system dysfunction, increased inflammation, 

oxidative stress, and metabolic disturbances. Observational studies indicate a higher incidence 

of hypertension among individuals sleeping less than six hours per night, with variations based 

on age and sex. Meta-analyses confirm the relationship, where short sleep durations correlate 

with increased hypertension risk. 

Summary 

Short sleep duration is a modifiable yet often overlooked risk factor for hypertension. Given 

the high prevalence of sleep deficiency in modern society, integrating sleep hygiene 

recommendations into hypertension prevention strategies may be beneficial. Further research 

utilizing objective sleep measurements is essential to establish causality and develop targeted 

interventions. 

 

 

Keywords: hypertension; high blood pressure; sleep deficiency; short sleep duration 

 

 

 

Introduction  

 

High blood pressure poses a major worldwide health issue, impacting more than 30% 

of adults across the globe.1 Hypertension is diagnosed when resting blood pressure is 

consistently 140/90 mm Hg or higher in a clinical or office setting.2 Hypertension is a medical 

condition characterised by consistently elevated arterial blood pressure. Although typically 

asymptomatic, hypertension can lead to serious complications including: atrial fibrillation, 

coronary artery disease, heart failure, stroke, dementia, chronic kidney disease, peripheral 

vascular disease etc.3,4 The role of hypertension in the onset of heart failure is well established. 

It is mainly associated with long-term left ventricular pressure overload and elevated blood 

volume, which impact the heart's structure and function through various molecular pathways.5 

Risk factors for high blood pressure are well known and mainly include obesity and unhealthy 

lifestyle behaviours, such as alcohol consumption and high meat consumption.6 The available 

evidence from both observational and experimental studies indicates that insufficient sleep 

duration is also a significant risk factor for cardiovascular disease and mortality. It appears that 
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sleep deprivation can lead to adverse, long-lasting physiological changes that are likely to work 

together to increase the risk of developing cardiovascular pathology.7,8  

It is important to look at a regular night's sleep before understanding how sleep 

disturbances facilitate the onset of hypertension. According to evidence-based 

recommendations, the appropriate sleep duration for adults is between 7 and 9 hours per night.9 

Each stage of sleep is characterized by a specific duration, distinct physiological processes, and 

unique blood pressure patterns.8  

Given the widespread problem with sleep deficit and the scientific evidence linking 

sleep deprivation to the onset of hypertension, it is worth taking a closer look at this issue.8 

 

Objective of this work 

 

This study aims to review the impact of short sleep duration on the incidence and 

pathophysiology of hypertension. 

 

Materials and methods 

 

A systematic review of scientific papers with full text was carried out, based on the 

PubMed. The following search terms were used: ‘hypertension, ‘high blood pressure’, ‘short 

sleep duration’ and ‘sleep deficiency’ in appropriate combinations. Articles and research papers 

published between 2015 and 2024 were the focus of the analysis. The titles and abstracts were 

manually screened to assess their relevance and the origin of the article. The collected data were 

analyzed and summarized. Since this study was not designed as a meta-analysis, no statistical 

methods were applied. 

 

State of knowledge 

 

The issue of sleep restriction and insomnia 

Sleep disorders encompass a broad spectrum of conditions. Insomnia is defined as a 

difficulty in initiating or staying asleep leading to daytime impairments, despite having 

adequate sleep conditions and sufficient time allocated for rest. Insufficient sleep has become 

more pervasive, but its effects on health and overall quality of life remains incompletely 

understood. This issue has become a prevalent health problem in developed countries. Roughly 

one-third of Americans report sleeping less than 7 hours per night. Since the 1980s, average 

https://www.zotero.org/google-docs/?TkNfzB
https://www.zotero.org/google-docs/?66aKE0
https://www.zotero.org/google-docs/?MVUxEb
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self-reported sleep duration has declined, as evidenced by a 30% increase in the number of 

adults sleeping less than 6 hours per night. Regions with the highest rates of cardiometabolic 

diseases tend to have noticeable patterns of shorter sleep durations.10–12 Insomnia, as a 

condition, affects up to 50% of the general population at any given time and chronically impacts 

approximately 10%–20% of  adults. People with insomnia often report difficulties falling asleep 

or staying asleep and face a 23% higher risk of cardiovascular mortality, primarily due to a 50% 

increased likelihood of developing hypertension.13,14 Insomnia disorder characterized by 

objectively short sleep duration (less than 6 hours of measured sleep or sleep efficiency below 

85%) is recognized as a biologically severe subtype of insomnia, linked to a heightened risk of 

cardiometabolic morbidity.13  

  

Tab 1.  Criteria for the diagnosis of insomnia: 15,16 

 
 

The physiology of sleep and the cardiovascular changes that occur during sleep 

 

While the exact biological significance of sleep remains a topic of debate, it is clear that 

sleep is a complex physiological phenomenon. It engages a variety of biological pathways, 

ranging from neural cortical circuits to cardiovascular systems. Compared to wakefulness, most 

biological functions of the body undergo significant changes during sleep. When we sleep, 

blood pressure and heart rate decrease. Blood pressure and heart rate decrease, along with 

https://www.zotero.org/google-docs/?sJunxv
https://www.zotero.org/google-docs/?WIlRY2
https://www.zotero.org/google-docs/?hnwfQ0
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changes in body temperature, hormone secretion, and immune function. Sleep has a profound 

effect on cardiovascular regulation. This relationship is bidirectional. Cardiovascular disease 

can disrupt normal sleep patterns, while sleep disorders can have a significant impact on 

cardiovascular function, increasing the risk of cardiovascular disease.17,18 It is important to note 

that each stage of sleep has a unique duration, physiology and blood pressure pattern. Sleep can 

be divided into two main stages. The first, Non-Rapid Eye Movement (NREM) sleep, is 

characterised by a progressive decrease in blood pressure, heart rate, cardiac output and 

sympathetic nerve activity.19 During NREM sleep, the least time is spent in stage 1 (N1), while 

stage 2 (N2) is the longest, regardless of age. Stage 3, or slow-wave sleep, decreases with age, 

mainly because of more frequent waking after falling asleep.19 Characteristics of rapid eye 

movement (REM), the second main part of sleep, include blood pressure and heart rate levels 

similar to waking levels, accompanied by a marked increase in sympathetic nerve traffic.8 

 

Potential pathomechanisms linking hypertension and short sleep duration 

 

Tab 2. Areas of pathophysiological change resulting in hypertension, that may be caused by 

short sleep duration. 

 
 

1. The autonomic nervous system (ANS) has been extensively studied as a potential 

factor in the heightened risk of cardiovascular disease following sleep deprivation. Nearly all 

evidence points to an increase in sympathetic activity after partial or complete acute sleep 

deprivation or sleep fragmentation. The autonomic nervous system, consisting of the 

sympathetic and parasympathetic (vagal) branches, maintains blood pressure stability through 

various reflex mechanisms, with the baroreflex playing a central role.20,21 After a full night of 

sleep deprivation, a decrease in overall variability was observed, indicating a reduced ability of 

the cardiovascular system to respond to stress. Additionally, there is a shift in the balance 

between the sympathetic and parasympathetic nervous systems, with the sympathetic system 

becoming more dominant. Sleep deprivation indicating baroreflex dysfunction may contribute 

https://www.zotero.org/google-docs/?pan6Ix
https://www.zotero.org/google-docs/?s0IFLI
https://www.zotero.org/google-docs/?FjgVPY
https://www.zotero.org/google-docs/?0A8NXf
https://www.zotero.org/google-docs/?IGDyM2
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to elevations in blood pressure. That is why sleep deprivation has important effects on 

haemodynamic and autonomic parameters.22  

2. Inflammation plays a key role in the development of cardiovascular diseases. It is a 

complex process involving the overproduction of various adhesion molecules, chemokines, 

cytokines, and growth factors, which is central to the development of atherosclerosis. 

Additionally, high levels of pro-inflammatory biomarkers have been found in obesity and other 

conditions linked to an increased risk of cardiovascular disease. As a result, a pro-inflammatory 

state is believed to be a possible mechanism contributing to the heightened cardiovascular risk 

in individuals who get insufficient sleep.22 The study found that restricting sleep to four hours 

resulted in increased production of IL-6 and TNF by monocytes, which are pro-inflammatory 

cytokines involved in the initiation of the acute phase reaction.23 It would appear that acute 

sleep deprivation affects the circadian pattern of IL-6 secretion, resulting in excessive secretion 

during the day and insufficient secretion at night. There is a negative correlation between 

diurnal IL-6 levels and the amount of sleep obtained the previous night. In rodent studies, IL-6 

has been shown to inhibit vasodilation and enhance systemic vasoconstriction. Therefore, high 

levels of IL-6 may explain the increase in blood pressure found after sleep deprivation. 

Furthermore, high levels of IL-6 have been identified as one of the mechanisms underlying 

daytime sleepiness and fatigue.21,22 

C-reactive protein (CRP), an acute phase reactant, is also a biomarker that increases 

after time without sleep according to some of the studies. It is a protein synthesised in the liver 

mainly under the control of IL-6. It has been thoroughly investigated as an indicator of 

cardiovascular events.24 Elevated CRP levels were observed in 10 healthy individuals following 

either total sleep deprivation (88 hours) or partial sleep deprivation (4 hours of sleep per night 

for 10 consecutive days).25 While results regarding individual pro-inflammatory biomarkers are 

sometimes inconsistent - mainly due to variations in experimental conditions and differences in 

blood collection methods - multiple studies consistently demonstrate a pro-inflammatory 

response associated with both partial and total sleep deprivation. This state may contribute to 

increased oxidative stress, endothelial dysfunction, the release of prothrombotic factors and 

ultimately an increased risk of atherosclerosis. While the precise mechanisms underlying the 

inflammatory response associated with short sleep duration remain unclear, increased 

sympathetic activity is thought to play a crucial role.18,22 

3. Oxidative stress and endothelial dysfunction is a potential mechanism that may 

explain the heightened risk of cardiovascular disease linked to short sleep durations too. 

Temporary sleep deprivation in experimental settings has been associated with a rise in 

https://www.zotero.org/google-docs/?rYzJQp
https://www.zotero.org/google-docs/?IchAZq
https://www.zotero.org/google-docs/?apt64p
https://www.zotero.org/google-docs/?1aDLO2
https://www.zotero.org/google-docs/?DzQvkh
https://www.zotero.org/google-docs/?HtiB65
https://www.zotero.org/google-docs/?yfTo6S
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myeloperoxidase, an enzyme that contributes to the generation of oxidizing agents capable of 

converting LDL into its atherogenic form. Furthermore, sleep deprivation has been shown to 

increase levels of insulin-like growth factor I (IGF1), which is known to trigger the release of 

oxidant agents from activated neutrophils. This may help explain the observed elevation in 

myeloperoxidase levels.26,27 Reactive oxygen species are important for vascular cell function, 

including endothelial cell growth and migration, vascular tone, apoptosis and angiogenesis. 

They also influence cardiac contractility, remodelling by hypertrophic signalling or necrosis. 

However, excessive levels of reactive oxygen species can induce vascular disease through 

direct and irreversible oxidative damage.27,28  

4. Metabolic and endocrine functions: Sleep and circadian rhythms are essential in 

managing metabolic and hormonal processes. It is also a well-established fact that metabolic 

changes, such as increased weight, are among the causes of hypertension. Short sleep duration 

appears to be associated with negative changes in the secretion of the hormones leptin and 

ghrelin, which we link to increased incidence of obesity. This assertion has been corroborated 

by numerous research conducted on rats.22 These hormones are involved in controlling satiety 

and hunger. Specifically, short sleep duration has been associated with decreased leptin levels 

and increased ghrelin levels. This has been demonstrated to lead to activation of the hunger and 

satiety centre, which, in turn, has been shown to result in increased food intake, including fast 

food.29,30 Calvin et al. show an increase in total calorie intake of 500 kcal per day after 1.5 hours 

less sleep over 8 days.31 It is important to note that there are additional studies that support the 

notion of increased total food intake after sleep deprivation. However, it should be 

acknowledged that the data are not always consistent, and no changes in leptin and ghrelin 

levels have been reported after several days of partial sleep deprivation.31  

Similar scientific studies have also shown elevated fasting glucose levels in adolescents 

after sleep deprivation. This correlated with reduced insulin sensitivity.32 The study revealed an 

elevated low-frequency to high-frequency ratio, pointing to sympathetic overactivity as a 

potential driver of insulin resistance and diminished pancreatic insulin secretion. In summary, 

some data indicate that we can link sleep deprivation to increased glucose levels, insulin levels 

and increased calorie intake. And changes in metabolism as well as weight gain will be 

associated with increased blood pressure.22,32,33 

What meta-analyses show us? 

In the scientific literature, multiple meta-analyses have examined the relationship 

between hypertension and short sleep duration. Researchers have conducted studies on diverse 

age groups, including both males and females. The results varied depending on age group, 

https://www.zotero.org/google-docs/?fgV2MM
https://www.zotero.org/google-docs/?W3Q7Fs
https://www.zotero.org/google-docs/?7YwE8J
https://www.zotero.org/google-docs/?wWkM8D
https://www.zotero.org/google-docs/?bDIY2N
https://www.zotero.org/google-docs/?ckhFZ8
https://www.zotero.org/google-docs/?971h7U
https://www.zotero.org/google-docs/?L8sxEA
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gender, and study design—whether cross-sectional or prospective. Nevertheless, evidence 

suggests a potential causal relationship between short sleep duration and the subsequent 

development of hypertension.34  

In a comprehensive meta-analysis, M. Grandner et al. evaluated data from over 700,000 

participants, all of whom were adults over the age of 18 and residents of the USA. Survey 

respondents were randomly selected based on age, gender, and race to best reflect a 

representative cross-section of the population. The data were primarily collected via telephone 

interviews and included questions regarding participants' health and risk factors. Respondents 

provided detailed information on sleep duration, self-reported high blood pressure, and other 

relevant characteristics. The data were gathered over a 10-year period, with a total sample size 

of 728,717 participants. The study concluded that there was a strong association between 

subjective short sleep duration and hypertension in a large sample of US adults. Further refined 

analyses and categorized sub-analyses indicated that the link between insufficient sleep and 

hypertension was more robust and consistent than the association between excessive sleep and 

hypertension. Moreover, short sleep duration was consistently more strongly associated with 

hypertension risk in women compared to men across the adult lifespan.35  

The meta-analysis by Li et al. was based on nine high quality prospective cohort studies 

that were published between 2004 and 2017 and included 48525 subjects (including 15276 

hypertensive cases).  It was mentioned that the lowest risk of hypertension in the study was 

observed in people sleeping between 7 and 7.9 hours per night. As one moves away from this 

reference point, there is in turn an increase in risk. The researchers concluded that the elevated 

risks associated with both short and long sleep were consistent, irrespective of multifactorial 

adjustments for lifestyle, clinical and sleep-related concomitant variables. It has been 

established that in younger individuals, a comparatively brief duration of sleep is a notable risk 

factor for hypertension. However, this study posits that such a correlation is not evident in older 

populations. In elderly subjects, both wrist actigraphy-assessed sleep duration and self-reported 

sleep duration demonstrate an absence of correlation with the incidence of hypertension. In 

their conclusion, the authors add that the risk of hypertension was reduced by 0.3207% when 

sleep time was increased by 1 hour.4 

In another study, Wang et al. also investigated the relationship between sleep duration 

and hypertension in adults. The authors emphasised the role of sleep in our lives and highlighted 

the problem of decreasing average sleep duration per day in the adult population. For example, 

the National Sleep Foundation reported an increase from 12% to 16% of subjects sleeping less 

than 6 hours on workdays between 1998 and 2005. The study also addressed the issue of 

https://www.zotero.org/google-docs/?1UleoS
https://www.zotero.org/google-docs/?gzoA3S
https://www.zotero.org/google-docs/?EkGUFD
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defining short sleep duration. The available literature was reviewed, and the following 

definitions were identified: ≤ 5, 4-5, ≤ 6, or < 7 hours per night. The study focused exclusively 

on nighttime sleep duration, rather than total 24-hour sleep, which could be a crucial factor for 

the elderly population that takes regular naps. The discrepancies in the definitions could 

potentially lead to difficulties in accurately interpreting the results. The study comprised 

347,759 participants, 115,007 of whom had hypertension. The number of cases and total 

participants for each sleep duration category were as follows: 7,452 of 19,695 had ≤ 5 hours of 

sleep; 17,524 of 53,603 had 6 hours; 26,648 of 92,895 had 7 hours; 41,073 of 126,544 had 8 

hours; and 22,310 of 54,534 had ≥ 9 hours. All participants were > 18 years old. Their analysis 

revealed that, compared to individuals who slept 7 hours per day, all other sleep duration groups 

were associated with an increased risk of hypertension. The highest odds ratio (OR) was 

observed for sleep duration of ≤ 5 hours compared to 7 hours, and this remained statistically 

significant even after adjustment for age and sex. These findings suggest that both insufficient 

and excessive sleep may be potential risk factors for hypertension, especially in women. 

Researchers also suggest that, although sleep deprivation appears to cause hypertension, the 

mechanisms underlying this association are not yet fully comprehended. The principal 

mechanism appears to be the effect of sleep deprivation as a stressor on the body. This activates 

the sympathetic nervous system, which can trigger a series of events responsible for the increase 

in pressure, including stimulation of the renin-angiotensin-aldosterone system and increased 

synthesis of central catecholamines.36 

 

Conclusions 

 

Short sleep duration is an emerging yet frequently overlooked risk factor for 

hypertension. Evidence from epidemiological and mechanistic studies suggests that insufficient 

sleep contributes to elevated blood pressure mainly through autonomic nervous system 

dysregulation, increased inflammatory response, oxidative stress, and metabolic disturbances. 

The association between short sleep duration and hypertension appears to be particularly 

significant among younger individuals and women. Given the widespread prevalence of sleep 

deficiency in modern society, sleep hygiene should be recognized as an essential component of 

cardiovascular disease prevention. Future research should focus on prospective cohort studies 

and interventional trials utilizing objective sleep assessments, including polysomnography, to 

further elucidate the causal relationship between sleep duration and hypertension. Additionally, 

it is imperative to investigate the pathomechanisms that remain to be elucidated regarding the 

https://www.zotero.org/google-docs/?NObE04
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association between sleep disorders and hypertension. Exploring the role of circadian rhythm 

disruptions in hypertension pathogenesis may provide valuable insights into personalized 

therapeutic strategies. Finally, the integration of sleep assessment into routine clinical practice 

and public health recommendations holds significant potential for enhancing the effectiveness 

of hypertension prevention and management. 
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