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Abstract 

Introduction: Several studies have found significant associations between habitual sleep 

duration and hypertension risk in the general population. However, there is limited literature 

on predictors of sleep duration in populations with hypertension or how sleep duration 

correlates with hypertension control. This research dissertation, focused on United States 

(US) adults with hypertension, aims to:  1) identify factors associated with habitual sleep 

duration among adults with hypertension; 2) examine the relationship between habitual sleep 

duration and hypertension control, and 3) determine if the relationship between habitual sleep 

duration and hypertension control is modified by age or gender.  

Methods: The 2015-2018 National Health and Nutrition Examination Survey data for US 

adults who met the hypertension criteria (systolic blood pressure (BP) ≥130 mmHg or 

diastolic BP ≥80 mmHg, or current intake of BP-lowering medications) was used for the 

study. Survey weighted multinomial logistic regression models were fit to examine factors 

associated with short (<7 hours) and long (>9 hours) sleep duration with adequate sleep 

duration (7 – 9 hours) as the reference. Survey-weighted multivariable logistic regression 

models were fit to examine the association between habitual sleep duration (<6, 6 - <7, 7 - 9 

(reference), and >9 hours) and hypertension control (BP <130/80mmHg versus 

≥130/80mmHg). Additional analyses tested effect modification of the relationships between 

habitual sleep duration and hypertension control by age or gender. 

Results: The prevalence of self-reported adequate sleep duration was 65.7%, while short 

sleep duration was 23.6%, and long sleep duration, 10.7%. Short sleep duration (compared to 

adequate sleep duration) was positively associated with history of seeking help for sleeping 

difficulties  (relative risk ratio [RRR], 1.25; 95% confidence interval [CI], 1.02 – 1.53), Non-

Hispanic Black race/ethnicity (RRR, 2.08; 95% CI, 1.61 – 2.67),  working ≥45 hours/week 

(RRR, 1.81; 95% CI, 1.32 – 2.48), and negatively associated with older age ≥ 65 years  
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(RRR, 0.63; 95% CI, 0.45 – 0.91) and female gender (RRR, 0.70; 95% CI, 0.56 – 0.88). Long 

sleep duration was positively associated with female gender (RRR, 1.24; 95% CI, 1.001 – 

1.54), chronic kidney disease (RRR, 1.48; 95% CI, 1.14-1.92),  moderate depressive 

symptoms (RRR, 1.62; 95% CI, 1.08 – 2.44), moderately severe to severe depressive 

symptoms (RRR, 1.89; 95% CI, 1.05 – 3.43),  being in retirement  (RRR, 3.46; 95% CI, 2.18 

– 5.49), and not working due to health reasons (RRR, 4.87; 95% CI, 2.89 – 8.22) or other 

reasons (RRR, 3.29; 95% CI, 1.84 – 5.88).  

In the fully adjusted model, habitual sleep duration of <6 hours/main sleep period was 

associated with reduced odds of hypertension control (OR = 0.66, 95% CI: 0.46 – 0.95, P = 

0.027) when compared to 7 – 9 hours. No significant differences were noted in hypertension 

control between the reference group (7 - 9 hours) and the  6 - <7 or  >9 hours groups. There 

were no significant differences across age groups or gender in the relationship between 

habitual sleep duration and hypertension control.  

Conclusion: In adults with hypertension, factors independently associated with habitual sleep 

duration include help-seeking for sleeping difficulty, gender, age, chronic kidney disease, 

depressive symptoms, race/ethnicity, and employment status. The results show that a habitual 

sleep duration of <6 hours is associated with reduced odds for hypertension control, which 

indicates that promoting adequate habitual sleep duration may help improve hypertension 

control, especially in those who habitually sleep less than 6 hours a day. These findings can 

help in the development of tailored approaches for promoting adequate sleep duration in 

adults with hypertension.  
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Chapter 1. Introduction  

The definition and Public Health Importance of Hypertension  

Blood pressure (BP) is essential for tissue perfusion [1], and an ideal BP level enables 

adequate perfusion of body tissues without causing any damage to the body [2]. Persistent 

high blood pressure (hypertension) causes damage to the endothelium of blood vessels and 

eventually leads to injury and disease in various body organs [3]. The World Health 

Organization (WHO),  the European Society of Cardiology and the European Society of 

Hypertension (ESC/ESH), and Pan-African Society of Cardiology (PASCAR) define 

hypertension in adults as a systolic BP of 140mmHg or above, a diastolic BP equal to or 

above 90 mmHg, or both [4-6].  

The current guidelines by the American College of Cardiology and American Heart 

Association (ACC/AHA) recommend a lower cut-off BP level (BP ≥130/≥80mmHg) for 

diagnosing hypertension. The ACC/AHA's decision to lower BP level for diagnosing 

hypertension was based on evidence of a 1.5 – 2.0-fold higher risk for cardiovascular 

mortality with BP of 130-139/85-89mmHg compared to adults with BP <120/<80mmHg. The 

lower cut-off point's goal is to enable early diagnosis and intervention for complications that 

may occur at a BP  of ≥130/≥80mmHg [7]. 

Most hypertension cases (≥90%) are classified as primary. Primary hypertension has no 

known cause, but genetics and environmental factors may have a role in its development [8]. 

The fewer cases that make up secondary hypertension have known causes such as renal 

vascular disorders, endocrine conditions or medications that cause excessive secretion of 

catecholamines or sodium-retaining hormones, and obstructive sleep apnea [8]. The 

physiological mechanisms that may be involved in the development of primary hypertension 

include: (1) overactivity of the sympathetic nervous system; (2) excessive secretion of 

sodium-retaining hormones; (3) increased production of vasoconstrictors; and (4) deficiency 



2 

 

of vasodilators, for example, nitric oxide [8-10]. These mechanisms lead to increased BP by 

causing an increase in cardiac output,  total peripheral resistance, or both [9]. Higher than 

normal body mass index (BMI) and visceral obesity are major modifiable risk factors for 

hypertension and may account for 65-75% of the risk for primary hypertension [8, 11]. Other 

modifiable risk factors for hypertension include high sodium intake, excessive alcohol 

consumption, insulin resistance, dyslipidemia [8-10], and stress [9]. Several studies have also 

reported a positive association between short sleep duration and hypertension [12-17].  

Hypertension remains a significant but modifiable risk factor for coronary heart 

disease, heart failure, stroke [7], and the World Health Organization (WHO) estimates that 

hypertension is responsible for at least 45% of heart disease-related and 51% of stroke-related 

mortality worldwide [18]. High blood pressure also increases risk in many other conditions, 

for example, chronic kidney injury, retinopathy, and abdominal aortic aneurysms [4, 7].  

The ACC/AHA hypertension management guidelines define controlled hypertension 

as BP <130/80 mmHg for those diagnosed with hypertension [7]. This BP level is 

recommended for individuals with cardiovascular disease (CVD) or those with a ≥10% 10-

year risk for atherosclerotic CVD. The same BP goal is considered reasonable for the other 

individuals who have no other markers of CVD risk [7]. Even though the US adult population 

has high hypertension awareness rates (84.1%) and treatment (76%) [19], the hypertension 

control rate goal of 61.2% set by Healthy People 2020 [20] has not been achieved. The US 

prevalence for hypertension control (SBP <130mmHg and DBP <80mmHg) among adults on 

antihypertensive medications treatment was 43.5% in 2015-2016. The hypertension control 

prevalence rate was lower among non-Hispanic blacks (37.2%) when compared to rates 

among non-Hispanic whites (45.7%) and Mexican Americans (41.9%) [21].  
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Management & Control of Hypertension   

The main goals of hypertension management are to improve overall health status and 

reduce CVD risk [7]. The two modalities for managing essential hypertension are 

pharmacological therapies and non-pharmacological interventions [5, 7, 22]. The 2017 

ACC/AHA hypertension guidelines recommend that individuals with stage 1 hypertension 

(SBP = 130 – 139mmHg or DBP = 80 – 89mmHg) who have <10% 10-year risk for 

atherosclerotic CVD (ASCVD) be commenced on non-pharmacological interventions. 

Individuals with stage 1 hypertension and with either diabetes, chronic kidney disease, or an 

ASCVD 10-year risk of ≥10%, and all individuals with stage 2 hypertension (SBP ≥ 

140mmHg or DBP ≥90mmHg) should be commenced on both pharmacological therapies and 

non-pharmacological interventions because they are at a higher risk for CVD and end-target 

organ damage [7].  

The main non-pharmacological interventions recommended by the 2017 ACC/AHA 

hypertension guidelines include; (1) weight loss for individuals who are overweight or obese; 

(2) a diet that helps maintain or achieve the optimal body weight, for example, the Dietary 

Approaches to Stop Hypertension (DASH) diet; (3) dietary sodium reduction; (4) increased 

potassium-rich diet unless contraindicated in cases such as chronic kidney disease; (5) 

increased physical activity; and (6) reduction of alcohol intake for those who drink alcohol 

[7].  

The effect of weight loss on BP change is estimated at -5mmHg [7].  Weight loss 

leads to a significant reduction in RAAS and sympathetic nervous system activity [23], and 

studies have reported a dose-response relationship between weight loss and BP reduction [24, 

25]. The DASH diet has sodium intake restricted to not more than 2300mg, and a low-sodium 

DASH diet (containing ≤1500mg sodium) leads to a more significant reduction in BP [26]. 

The recommended goal in sodium intake for those with hypertension is <1500gm/day [7, 22], 
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which is estimated to lower SBP by 5-6 mmHg [7]. The possible effects of regular physical 

activity that leads to a reduction in BP include; (1) reduction in SNS activity; (2) increased 

production of vasodilators; (3) decrease in insulin resistance;  and (4) reduction in body 

weight [27]. Studies done on hypertensive individuals have found that  90 to 150 minutes of 

resistance exercises or aerobic activity per week is associated with a 4 to 5mmHg and 5 to 8 

mmHg reduction in SBP, respectively [7].  

Eliminating excessive alcohol intake reduces SBP in normotensive and hypertensive 

individuals by -3mHg and -4mmHg, respectively [7]. The ACC/ACA hypertension guidelines 

and 2015-2020 dietary guidelines for Americans recommend restricting alcohol intake to no 

more than one and two drinks in any given day for women and men, respectively, and those 

who are not alcohol drinkers are advised not to start drinking [7, 28].  

In addition to lowering BP levels, studies have shown that antihypertensive 

medications help reduce CVD risk and risk for cardiovascular mortality [29-32]. The 

medications recommended in the ACC/AHA hypertension guidelines as the first-line in 

managing hypertension include thiazide diuretics, angiotensin-converting enzyme (ACE) 

inhibitors, angiotensin receptor blockers (ARBs), and calcium channel blockers [7]. 

Secondary antihypertensive agents may be prescribed based on specific patient 

considerations. Examples of second-line medications include beta-blockers, other types of 

diuretics, aldosterone antagonists, alpha-1 blockers, direct renin inhibitors, central alpha1-

agonists, and direct vasodilators [7]. The decision to classify other medications as secondary 

is based on a lack of evidence showing that they are safer or tolerable relative to the first-line 

agents [7] or more superior in improving clinical outcomes [33, 34].  

Sleep Duration and Its Importance 

Sleep is defined as “a naturally recurring and reversible biobehavioral state characterized 

by relative immobility, perceptual disengagement, and subdued consciousness” [35]. The 
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body and brain metabolism rates are low during sleep, which helps preserve and replenish the 

body’s energy stores [36]. These processes that occur during sleep are necessary for general 

well-being and optimal physiological function. In the neurological system, sleep plays a vital 

role in: (1) neurobiological and cognitive performance; (2) memory function; (3) mood 

regulation; (4) alertness to injurious stimuli; and (5) excretion of brain metabolites. Sleep also 

plays a role in metabolic processes, immune and endocrine function, appetite regulation, and 

cardiovascular function[37-40].  

One of the main dimensions of sleep health is sleep duration, the amount of sleep one 

obtains per night, or per 24 hours [41]. The optimal sleep duration varies across the lifespan, 

with children requiring more sleep than adults [42, 43]. The required sleep quantity may also 

vary from one individual to another across different ages [42]. For example, those ill or 

recovering from sleep debt may need more sleep than other individuals of similar age [37]. 

The AASM/SRS recommends that adults get a minimum of seven hours of sleep per night, 

excluding naps, to stay healthy. The evidence AASM/SRS used to make these 

recommendations was limited to studies of adults aged 18 – 60 years [37]. However, there is 

evidence that no further age related-decline in total daily sleep time occurs after age 60 [37, 

44]. The AASM/SRS has limited its recommendations to the minimum amount of sleep 

required to stay healthy because there is currently no substantial evidence of a biologically 

plausible pathway through which a long sleep duration can be harmful or lead to disease [37].  

Measurement of Sleep Duration  

Sleep duration can be measured using questionnaires, sleep diaries, actigraphy, and 

polysomnography (PSG) [35, 41]. In questionnaires, habitual sleep duration is estimated 

retrospectively from data obtained using one or more questions. One of the questions used is, 

“during the past month, how many hours of actual sleep did you get at night?” [45-49]. Other 

studies have measured habitual sleep duration based on responses to questions on usual hours 



6 

 

of nighttime sleep [50], usual hours of sleep per night or main sleep period [51, 52], and usual 

hours of sleep per day [53]. In other studies, habitual sleep duration is obtained from 

questions on usual time-to-bed and usual waking time [54, 55]. In sleep diaries, one 

documents sleep-related data daily [35]. Examples of sleep duration data recorded in sleep 

diaries include bedtime, waking time, and the amount of sleep obtained the previous night. 

Many prospective studies have used sleep diaries as an adjunct to actigraphy to measure sleep 

duration [45, 48, 55]. Sleep diaries have also been used as the primary tool for prospectively 

measuring sleep duration [56].  

Actigraphy is the most common objective method of measuring sleep duration. An 

actigraph unit, a rest and activity monitoring device usually worn on the non-dominant wrist, 

uses an accelerometer to assess body movements. An activity threshold is set in the 

monitoring device, and any measure below the threshold is considered sleep or rest [35]. In 

most studies that used actigraphy to sleep duration, participants wore the actigraph unit for 3 

to 23 days [45-47, 54-56]. The actigraph unit quantifies the total sleep time, which is the 

number of minutes scored as ‘sleep’[57]. The unit is easy to use and maintain compared to 

polysomnography, and this makes it suitable for tracking sleep duration over time within 

home settings [35, 57, 58].  

Polysomnography (PSG), considered the gold standard in assessing obstructive sleep 

apnea (OSA) and related sleep problems, also measures total sleep time. In PSG, usually 

done in a sleep laboratory, electrodes are attached to various body parts to monitor body 

activities such as electrical brain activity, muscle activity, eye movement, breathing, blood 

oxygen levels, and cardiac activity [35, 58]. Since PSG is widely accepted as the most 

reliable measure of sleep, it has been used in validating other methods of assessing sleep 

duration, including retrospective questionnaires, sleep diaries, and actigraphy [46, 54]. 
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However, PSG is primarily used in clinical studies of sleep disorders rather than in the 

measurement of habitual sleep duration [35].  

Studies assessing the concordance level between subjective and objective methods of 

assessing sleep duration have found self-reported sleep duration to be 20 – 67 minutes higher 

than actigraphy-measured sleep duration [45, 46, 54, 55], and 20 to 64 minutes higher than 

PSG-measured sleep duration [46, 54]. Overall, there is a low to moderate correlation 

between self-reported and objectively measured sleep duration, ranging from 0.20 to 0.47 

[47, 48, 54, 55].  Further analyses of subjective and objective sleep measurements have 

shown a significantly lower correlation between self-reported sleep duration and objectively 

measured sleep duration among individuals of non-Hispanic black ethnicity compared to non-

Hispanic whites [54] and among those with self-reported poor health status and depressive 

symptoms [46]. Overestimation of sleep duration in self-reports and the low correlation 

between subjective and objective sleep duration measures reduce self-reported sleep duration 

accuracy. 

Sleep Duration and Hypertension  

Even though sleep duration is not among the main six non-pharmacological 

interventions highlighted in the 2017 ACC/AHA hypertension management guidelines, it 

may play a significant role in controlling hypertension. Sleep is necessary for general well-

being. Sleep also plays a role in many physiologic processes, including those that regulate 

BP, for example, the neuroendocrine and cardiovascular systems [37]. The American 

Academy of Sleep Medicine and Sleep Research Society (AASM/SRS) and the National 

Sleep Foundation (NSF) recommend at least 7 hours each day for maintaining optimal health 

outcomes [37, 43]. Evidence from experimental studies indicates that sleeping for less than 

the recommended hours can cause alterations in physiological functions, leading to many 

adverse effects, including hypertension. Examples of these alterations that occur, which can 
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lead to hypertension, include increased sympathetic nervous system activity, reduced insulin 

sensitivity, endothelial dysfunction, and hormonal alterations that increase the risk for obesity 

[59-63]. 

Several epidemiological studies show that habitual short sleep duration is associated 

with increased risk for hypertension [12, 14-17, 64, 65]. Epidemiological studies have also 

shown associations between habitual short sleep duration and other risk factors for 

hypertension, for example, obesity [50, 66], impaired glucose control [36], and 

hyperlipidemia [50]. Inadequate sleep can also interfere with specific neurocognitive 

functions and impair attention to health-related cues such as being physically active and 

eating healthy food [67]. All these factors can contribute to poor hypertension control among 

individuals with hypertension. 

Results from nationally representative studies that have analyzed habitual sleep 

duration trends in the US indicate that the proportion of adults who sleep less than the 

recommended seven or more hours/day has increased significantly [68, 69]. The decrease in 

sleep duration has occurred among men and women and in all age groups except those aged 

≥75 years. Overall, the proportion of US adults with short sleep duration (≤ 6 hours/day or 

night) increased from 22.3% in 1985 to 29.2% in 2012 (p <0.001) [68]. Reports show that the 

prevalence of habitual short sleep duration among US adults has increased further. In 2014, 

the prevalence rate of short sleep duration (<7 hours/day) among adults in the US was 35.2%, 

and it was significantly higher than the national average among adults of American 

Indian/Alaskan (40.4%), non-Hispanic Black (45.8%), and Native Hawaiian/Pacific Islander 

(46.3%) race/ethnicities [70]. 

Sleep loss caused by habitual short sleep duration can negatively affect one’s general 

well-being, decrease motivation to engage in healthy behaviors, and increase obesity and 

hypertension risk. Consequently, sleep duration may be a significant risk factor for 
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controlling hypertension and uptake of other lifestyle modifications for hypertension control. 

Even though habitual sleep duration has been extensively studied in general populations, 

there is a paucity of data on sleep duration patterns among individuals with hypertension, 

particularly how sleep duration is related to hypertension control and other non-

pharmacological interventions for hypertension management. There is a need for research on 

habitual sleep duration as a lifestyle practice in controlling hypertension. This study used a 

nationally representative database to explore factors associated with habitual sleep duration in 

adults with hypertension and examine the relationship between habitual sleep duration and 

blood pressure control in this population.  

Conceptual Model 

Grandner’s social-ecological model of sleep and health (see attached model) provides 

a framework for studying sleep as a health behavior domain with upstream determinants and 

downstream health implications [71]. The model proposes individual, social, and societal 

levels factors that affect sleep. The individual-level factors are the aspects of the person that 

proximally or directly influence their sleep. Examples of these factors include age, sex, health 

status, beliefs and attitude towards sleep, sleep hygiene practices, genetics, and sleep 

schedules. Social level factors of sleep exist outside the individual but include that individual. 

Examples of social-level factors include the home environment, family, neighborhood 

characteristics, work environment, social networks, race/ethnicity, socioeconomic status, 

religion, and culture [71].   

Societal level factors converge to impact the social context which subsequently, 

impacts the individual. Societal-level factors include constructs at national, regional, and 

global levels, such as globalization, racism and discrimination, technology, economics, and 

public policies. The model illustrates the health outcomes that sleep may impact, for example, 

Grandner's%20Social-ecological%20model%20of%20sleep%20and%20health.jpeg
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cardiovascular, metabolic, and behavioral health, which ultimately influence an individual's 

longevity [71]. 

Figure 1.1 illustrates the conceptual model used to assess the individual and social level 

factors associated with habitual sleep duration and examine the relationship between habitual 

sleep duration and hypertension control. The proposed predictors of habitual sleep duration 

and hypertension control were selected from Grandner’s sociological model of sleep and 

health [71] and previous studies on hypertension control determinants [72-78]. 

 

  

 

 

 

 

 

 

 

 

 

Figure 1.1: Conceptual framework for the study 
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Specific Aims of the Dissertation  

The specific aims of this dissertation work were to: 

1. Identify factors independently associated with habitual sleep duration among US adults 

with hypertension  

2. Test association of habitual sleep duration and blood pressure control among US adults 

with hypertension  

3. Determine if the relationship between habitual sleep duration and hypertension control 

among US adults with hypertension is modified by age or gender  
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Chapter 2. Literature Review 

Section 1: Determinants of Hypertension Control among US Adults 

Measurement of Hypertension Control 

The majority of studies defined hypertension control as a BP below 140/90 mmHg in 

an individual with a history of hypertension [72, 76, 78-84]. A few studies [75, 85] used the 

2017 ACC/AHA guideline of BP less than 130/80 mmHg among those with hypertension. 

Two other studies [77, 86] used the Joint National Committee (JNC) 7 guidelines: BP below 

140/90 mmHg for those without diabetes mellitus or kidney disease and BP below 130/80 

mmHg for those with either condition [87]. Only longitudinal studies [76, 80, 84] defined 

hypertension control based on two or more consecutive BP readings taken on two or more 

separate clinic visits as recommended by current BP management guidelines [5, 7]. Some 

studies used data from the National Health and Nutrition Survey (NHANES), which 

estimates an individual’s BP based on an average of  ≥2  BP measurements obtained in a 

single visit [72, 75, 79, 86]. Estimating hypertension control based on readings obtained in a 

single visit increases the risk of underestimating or overestimating the hypertension control 

rates because of white coat or masked hypertension, respectively [75].  

Factors Associated with Hypertension Control 

Gender 

The findings on the relationship between gender and hypertension control are mixed. 

In studies that found a gender-hypertension control relationship, women were 27% to 32% 

more likely to have hypertension control after adjusting for sociodemographic factors, health 

characteristics, health insurance access [72, 80], and usual source of care [72]. One of the 

factors not controlled for in the above studies is health care visits. There is evidence that 

among those aged <40 years, women make more frequent health care visits than men, which 

may account for up to 28% of the gender differences in hypertension control in this group 
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[88]. In one study that adjusted for multiple factors, including health care visits,  no gender 

differences were noted in hypertension control [79].    

Frequency of health care visits 

A review of literature indicates that the  frequency of health care visits is significantly 

associated with hypertension control. Cross-sectional studies using NHANES data found that 

having more than one health care visit within the last year was associated with a 3 to 5 times 

higher likelihood of BP control compared to zero visits [75, 79]. In a retrospective study of 

adults aged 18-39 years, the frequency of primary care visits was inversely related to 

antihypertensive medication initiation rates but directly proportional to hypertension control 

rates after controlling for multiple factors, including health characteristics and provider-

related factors [76]. Individuals who have mild hypertension, solely managed non-

pharmacologically, may be more likely to adopt lifestyle interventions, and have a care plan 

that includes more frequent primary care visits to help support improved uptake  of the non-

pharmacological interventions. Therefore, regular, frequent visits to primary care can be an 

effective strategy for hypertension control because it enables close monitoring of BP and 

provides an avenue for follow-up and support of healthy lifestyle behaviors [7]. 

Age  

There are differences noted in epidemiological studies on the relationship between 

age and hypertension control, partly related to the cut-off BP readings used for hypertension 

control. A study that used a higher BP level (<150/90mmHg) for hypertension control in 

older adults with no kidney disease or diabetes mellitus and <140/90mmHg for all others 

found that older adults ( ≥60 years old ) had a higher odds for hypertension control compared 

to those aged <60 years old [77]. In contrast, findings from a study that used uniform criteria 

for hypertension control (BP <140/90mmHg) showed a lower hypertension control in older 
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adults (≥65 years) compared to the younger age groups both in all the hypertensive subjects 

and in a subsample comprising of only subjects on antihypertensive therapy [79].  

A study by Ostchega et al. that used the 2017 ACC/AHA hypertension guidelines 

definition of hypertension control (<130/80mmHg) found that the prevalence rate of 

hypertension control was significantly lower in adults aged less than 40 years than aged  40 

years and above [75]. However, the study did not adjust for hypertension treatment status in 

its analyses, which may have influenced the study findings. Hypertension treatment status is a 

major determinant of hypertension control since antihypertensives increase hypertension 

control rates [7, 21, 88]. In the Ostchega et al. study, the age differences in hypertension 

control prevalence rates in the ≥ 40 years age group compared to <40 years age groups were 

much greater among men (4 – 5 times higher) compared to women (1.5 times higher) [75]. 

These hypertension control differences may be partly because, among young adults, women 

visit health care facilities for care more often than men, which increases the likelihood of 

hypertension awareness and treatment [88]. 

Overall, the lower hypertension control rates in younger adults (<40 years of age) 

may be due to lower hypertension awareness [88] and treatment [79, 88]. An analysis of 

hypertension treatment prevalence rates using 1999 – 2014 NHANES data showed lower 

rates of treatment among hypertensive adults aged <40 years (50%) compared to those aged 

40 – 59 years (70.3%) and those aged ≥60 years (83%) [88]. Younger adults also make fewer 

health-care visits [72, 88] and are less likely to have health care insurance [88]. Of these 

factors, the only ones controlled for in a few of the cited studies on the association between 

age and hypertension control were health insurance [79] and health care visits [75].  

Health characteristics  

Several studies have examined the relationship between BMI and hypertension 

control. Findings from studies that measured hypertension control in all hypertensive adults 
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regardless of treatment status showed higher odds of hypertension control in overweight or 

obese individuals than those with normative weight [72, 75, 79]. In contrast, studies that 

measured hypertension control only in individuals receiving antihypertensive therapy found 

no association between BMI and hypertension control [78, 80]. Obesity is recognized as a 

significant risk factor for hypertension [11]. Therefore, individuals with higher BMI are more 

likely to be screened for hypertension. Findings from the 2012 National Ambulatory Medical 

Care Survey show that individuals visiting physician offices for obesity management were 

more likely to be assessed for hypertension than other patients [89]. Screening for 

hypertension enables early identification and treatment of hypertension and improves 

hypertension control rates [7]. 

In analyzing the relationship between common hypertension comorbidities and 

hypertension control, most studies have found no significant associations between diabetes 

mellitus [72, 76, 78], heart disease [72, 78], chronic kidney disease [75], or hyperlipidemia 

[76], and hypertension control. However, one study reported a 43% higher prevalence rate of 

hypertension control among diabetic women (compared to women without diabetes), but no 

differences among men [75]. Higher hypertension control rates have also been reported in 

individuals with a history of stroke [78]. Hypertension guidelines recommend early initiation 

of BP-lowering treatment and frequent monitoring in individuals with a history of CVD, such 

as stroke, to prevent further occurrence of cardiovascular events [5, 7]. Ho et al. found that in 

patients attending ambulatory care centers for hypertension management, those diagnosed 

with anxiety and depression were 22% more likely to have hypertension control than those 

without any of those conditions [80]. However, though they measured the number of health 

care visits and found that those with anxiety and depression had a higher number, they did 

not control for them. The frequency of health care visits is positively associated with 

hypertension control [75, 76] and may have affected the study's findings.  
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Health care access and medication-related factors  

One of the hypertension control strategies proposed in the ACC/AHA hypertension 

management guidelines is improved financing of the health care system through measures 

such as expanding health insurance coverage and reducing medication costs [7].   Studies in 

the US in the general population and clinical care settings consistently show that individuals 

with healthcare insurance are more likely to have hypertension control than those with no 

health insurance [72, 77, 79, 86]. Having no or insufficient health insurance is associated with 

higher odds of having no regular access to health care. Access to the usual source of health 

care may help improve the uptake of hypertension management plans, and it is a significant 

predictor of hypertension control [72]. Medication costs also play a significant role in 

hypertension control because of their effect on medication adherence, with evidence showing 

an inverse relationship between the cost of medication and adherence to antihypertensive 

drug therapy [90]. Non-adherence to medication therapies (<80% intake of the prescribed 

medication) is associated with an increased risk for uncontrolled hypertension [83, 85, 91].  

Other barriers to adherence to antihypertensive drug therapy include drug regimens 

that involve the use of many pills or multiple dosing per day [7], experiencing side effects, 

and forgetfulness [91]. Measures addressing these barriers include; (1) once daily doses and 

use of combination pills rather than multiple individual pills; (2) structured, team-based 

person-centered approach to management that enables close monitoring of BP (including 

self-monitoring); (3) intensive support for both pharmacological and non-pharmacological 

therapies; and (4) modification of therapies as needed to achieve BP goals [7]. 

Race/ethnicity and socioeconomic status  

Examples of interrelated social determinants of health include race/ethnicity, 

individual socioeconomic status (whose indicators include income, poverty level, level of 

education, and occupation), and neighborhood socioeconomic status or disadvantage [92].  
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Neighborhood socioeconomic status is used to determine neighborhood disadvantage, and it 

is commonly measured using the US census tract-level socioeconomic data [78]. Examples of 

census-tract variables that are usually used to measure neighborhood socioeconomic status 

include the percentage of; (1) individuals with less than high school education; (2) renter-

occupied housing units; (3) households whose income is below the set poverty level 

guidelines; and (4)  households that receive public assistance [93].  

Studies on the relationship between race/ethnicity and hypertension control have 

yielded varied findings. In some studies, individuals of Hispanic and non-Hispanic black 

ethnicities were 17% to 28% less likely, respectively, to have hypertensive control compared 

to non-Hispanic whites [72, 79, 86]. However, the studies did not control for socioeconomic 

factors. A study among older adults on antihypertensive therapy that adjusted for 

neighborhood disadvantage and individual socioeconomic status found no association 

between race/ethnicity and hypertension control [78]. Another study of 19 to 39-year-olds on 

antihypertensive therapy found no racial/ethnic difference in hypertension control after 

adjusting for sociodemographic factors, health characteristics, frequency of health care visits, 

and health insurance [76].  

Socioeconomic status can impact many health outcomes, including hypertension-

related outcomes [94] because it affects health care, health behavior, and environmental 

exposure to conditions that affect health [95]. Findings from a study of older adults found that 

living in areas with high neighborhood disadvantage was associated with a 40% less 

likelihood of hypertension control than living in less disadvantaged neighborhoods. No 

relationship was found between an individual’s poverty level and hypertension control after 

controlling for demographic characteristics, other socioeconomic indicators, neighborhood 

disadvantage, health characteristics, race, and comorbidities [78]. Another nationally 

representative study of adults of all ages found no association between income-poverty level 
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and hypertension control after adjusting for sociodemographic factors, comorbidities, and 

health care visits [75]. 

Physical activity   

In health, the terms ‘physical activity’ and ‘physical exercise’ are used to describe 

moderate- or vigorous-intensity activities, which are activities that result in an energy 

expenditure equal to 3 to <6 and ≥6 metabolic equivalents (METs), respectively [96]. MET of 

an activity is defined as the amount of energy needed to carry out that activity. The main 

domains of physical activity include occupational, transportation, household, and leisure-time 

physical activity [97]. The current US guidelines for physical activity recommend at least 

150-300 minutes of moderate-intensity or 75-150 minutes of vigorous-intensity physical 

activity weekly. Achieving higher levels of physical activity may significantly improve health 

outcomes [96]. For example, studies have reported a dose-response inverse relationship 

between physical activity and incident hypertension [98]  

There is evidence from numerous studies of an inverse relationship between physical 

activity and BP [27, 99-101]. A review of  RCTs on aerobic physical activity (for example, 

brisk walking, dancing, aquatics, soccer) among hypertensive individuals reported an average 

11/5mmHg reduction in BP [27]. A meta-analysis of RCTs involving hypertensive and non-

hypertensive individuals reported an average reduction of BP (SBP -8.4mmHg and DBP -

3.3), and the BP reduction was more substantial (SBP -13.4mmHg and DBP -4.0) in those 

with hypertension [99]. Other meta-analyses of RCTs on dance therapy and dynamic resistant 

exercise have also reported significant BP reductions among those with hypertension (6-12 

mmHg reduction in SBP and 3-5 mmHg reduction in DBP) [100, 101]. However, the reviews 

and meta-analyses did not measure whether the reduction in BP translated to a significant 

increase in hypertension control.  
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Cross-sectional epidemiological studies in the US found no independent association 

between physical activity levels and hypertension control [75, 78]. The two epidemiological 

studies' limitation is that they used physical activity levels measured using self-reports and 

only considered leisure-time physical activity (LTPA). Using objective tools to measure all 

types of moderate to vigorous intensity activities may provide a more meaningful analysis of 

the association between physical activity and hypertension control.  

Dietary and sodium intake  

DASH diet includes limited intake of red meat, simple sugars, saturated and total fat, 

and increased intake of fruits, vegetables, low-fat dairy products, nuts, fish, whole grains, and 

poultry [7, 10, 26, 102], and is a rich source of fiber, calcium, magnesium, potassium, and 

protein [7, 26, 103]. Evidence shows that adopting a low sodium DASH diet leads to a 

significant BP reduction in individuals with hypertension. Findings from RCTs of individuals 

with hypertension reported a 4 to 11 mmHg reduction in SBP with a DASH diet [102, 103]. 

The reduction in SBP increased to 7.5 to 20.8 mmHg with a low-sodium (<1150 mg/day) 

DASH diet [102]. However, there is limited data on sodium intake and hypertension control 

rates. Other findings showed individuals in the highest quartile of urinary sodium excretion 

with a fourfold increase in odds for hypertension than those in the lowest quartile of urinary 

sodium excretion [104].  

Alcohol intake 

Eliminating excessive alcohol intake significantly reduces BP in both normotensive 

and hypertensive individuals, with the overall effect estimated to be at -3mHg and -4mmHg, 

respectively [7]. Studies that have examined the effects of reducing alcohol intake have 

reported a significant reduction in BP for those who take more than two drinks of alcohol per 

day [7, 105]. A meta-analysis of clinical trials that included normotensive and hypertensive 

individuals reported no significant BP reduction in individuals who consumed two or fewer 
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alcoholic drinks per day. There was a significant reduction in BP (SBP -3.13mmHg and DBP 

-2.00mmHg) in those who took two or more alcoholic drinks. The highest BP reduction (SBP 

-5.50mmHg and DBP -3.97mmHg)  occurred in individuals who cut the number of drinks per 

day from six or more to three or less per day [105]. 

Section 2: Factors Related to Habitual Sleep Duration in Adults 

Habitual sleep can be viewed as a health behavior influenced by various factors [67, 

71]. In Grandner’s socio-ecological model for sleep health, habitual sleep behavior is 

influenced by individual-, social- and societal-level factors. Individual-level factors are the 

aspects of the person that proximally or directly influence their sleep. The social-level factors 

exist outside the individual but include that individual, and they are interrelated and exert 

influence on individual-level factors. Societal level factors (national, regional, and global 

factors) affect the social context, impacting the individual’s sleep [71]. This literature review 

discusses individual-, social- and societal-level factors associated with habitual sleep 

duration.  

Measurement of Habitual Sleep Duration  

Most studies estimated habitual sleep duration based on responses from a single 

question regarding the usual amount of sleep obtained per day or night [106-112]. Other 

variations included asking about daily sleep obtained during a specified period, for example, 

the previous night [113] to the previous month [114-116] and year [117]. In other studies, 

habitual sleep duration was derived from at least two questions, one querying about the usual 

bedtime and the other about usual waketime [118, 119].  Longitudinal studies measured sleep 

duration using sleep diaries as the sole tool [120] or adjunct to actigraphy [121-123]. The 

specific time in a day considered when measuring sleep duration also varied. Most studies 

estimated either the amount of sleep obtained in 24 hours or during nighttime.  
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The definition of short, normal, and long sleep duration varies across studies. The 

most common definition of short sleep duration was less than 7 hours of sleep per day or 

night [106, 109, 110, 112, 118, 124-126]. Other definitions included less than 5 hours [121] 

and less than 6 hours of sleep [117]. What was categorized as normal, normative, or healthy 

sleep duration varied, with most studies defining it as 7 - 8 hours [106, 109, 114, 115, 124, 

126]. A few studies defined normal sleep duration as 7 – 9 hours/day [43, 110, 118]. Most 

studies defined long sleep duration as over 8 hours of sleep [109, 114, 117, 121, 124].  

Individual-level factors 

Genetics  

Genome-wide association studies (GWAS) have identified several genetic loci and 

genetic variants associated with habitual sleep duration by analyzing UK Biobank’s genetic 

data of individuals of European ancestry [106, 108, 111] and population-based cohorts of 

individuals of European ancestry and African Americans [107]. One study identified 78 

genetic loci associated with self-reported and actigraphy-measured habitual sleep duration 

with individual signals exerting 1.04 (±0.34) minutes per allele. The study also identified 22 

and 8 loci for short (<7 hours/day) and long (> 9 hours) sleep duration, respectively [106]. 

The studies replicated genetic variants associated with habitual sleep duration, including the 

dopamine receptor D2 (DRD2) gene [111] and paired box 8 (PAX 8) gene [106-108]. The 

most significant effect on sleep duration was found at the PAX8 locus, with the effect ranging 

from 2.44 [106] to 3.1 minutes per allele [108]. The influence of genetics on habitual sleep 

duration is thought to range from 9% to 45% [106].  

Gender  

The findings on gender differences in habitual sleep duration are mixed. A 

population-based study of US adults aged ≥18 years found that women were more likely than 

men to have self-reported long sleep duration while no gender differences were noted in odds 
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for short sleep duration [127]. In contrast, population-based studies outside the US (China 

and Singapore) among adults across all age groups [110, 124] and others limited to older 

adults [114, 117] found no association between gender and habitual sleep duration.  

Age  

Decreases in total sleep time, reflecting the amount of sleep needed for optimal body 

function, occur with aging from infancy to adulthood [128, 129]. For example, while a daily 

sleep of is 7 hours is sufficient for overall good health in those aged 18 – 60 years [37, 43],  a 

preschooler needs at least 10 hours of sleep to stay healthy [43]. There is no evidence of 

further age-related decreases in total sleep time beyond 60 years of age [37, 44, 129]. One 

study that examined the relationship between age and sleep duration found that young adults 

(18 – 44 years) were less likely to have short sleep duration (<7 hours/day) compared to 

middle-aged adults (45 – 59 years) and older adults (60-79 years). Middle-aged adults were 

19% less likely to have a long sleep duration than young adults [110].  

Another study of older adults aged 60 – 79 found that those aged 75 or older were 

twice as likely to have a long sleep duration (>8 hours/day) than those below 64. No age 

differences were noted in odds for short sleep duration (<7 hours/day) [114]. These findings 

are consistent with two previous longitudinal studies (6-13 years follow-up period) of older 

adults. The two studies found that a higher baseline age increased odds for change from 

normal to long sleep duration (>8 hours/day) by 26% to 49% at follow-up [117, 121]. One of 

the two studies that used self-reported sleep data also reported a slight increase (11%) in 

change from normal to short sleep (<6 hours/day) in those with a higher baseline age [117].  

Health conditions may partly explain the positive association between advanced age 

and long sleep duration among older adults. Habitual long sleep duration can indicate ill 

health [37, 43, 114], and chronic illness is more common among older adults [37, 117]. Even 

though the studies adjusted for multiple chronic conditions such as heart disease, stroke, 
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chronic ulcers, hypertension, diabetes, and arthritis [110, 114, 121], the age-related long sleep 

duration may be a proxy for other health conditions not adjusted for in studies. The three 

studies on older adults used a lower cut-off point (>8 hours) to define long sleep duration 

[114, 117, 121], contrary to the current AASM/SRS guideline of  >9 hours in all adult age 

groups [37]. Therefore, differences in sleep duration classification pose a challenge in 

interpreting the results based on the current guidelines.  

Health conditions 

In studies that have assessed health conditions as predictors of self-reported habitual 

sleep duration, higher odds for short sleep duration has been noted in individuals with obesity 

[110], heart disease [110, 114], chronic obstructive pulmonary disease (COPD) [114], peptic 

ulcer disease [114, 117], depressive symptoms [124],  poor mental health status and sleep 

disturbances [114]. The findings also indicate an association between long sleep duration and 

multimorbidity, hypertension, hyperlipidemia [114], diabetes [117], stroke [114, 117], hip 

fractures, cancer [117], depressive symptoms [121, 124], and poor mental health status [114]. 

In contrast, a longitudinal study that measured sleep duration using actigraphy only reported 

an association between peripheral vascular disease and change from normal to short sleep 

duration. Other physical illnesses, including heart disease, stroke, COPD, were not associated 

with sleep duration [121].  

The differences noted in the disease-sleep duration relationship between the studies 

that used self-reports and actigraphy may be partly explained by the inaccuracies of self-

reported data. One of the limitations of self-reports is that retrospective recall of sleep can 

lead to over-or underestimating the actual sleep duration [37]. Many studies have shown that 

self-reports can overestimate sleep duration by 20 – 64 minutes [45, 46, 54, 55]. Also, 

individuals who have chronic illnesses may spend much time in bed. Consequently, in studies 
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that measure sleep duration using self-reports, there is a risk of individuals who spend more 

time in bed reporting time spent in bed rather than the actual time spent sleeping [37]. 

The research findings on the relationship between chronic disease and habitual sleep 

duration also reflect the complex, bidirectional relationship between sleep and disease. 

Insufficient sleep can adversely affect several body functions, including cardiovascular, 

endocrine, and metabolic functions leading to increased risk for metabolic disorders and 

cardiovascular disease [60, 130]. Conversely, ill health  and the underlying 

pathophysiological mechanisms in  many chronic diseases, such as increased inflammation 

[37, 59] can cause excessive fatigue and sleepiness [59, 131] and contribute to more time 

spent in bed resting or sleeping. The relationship between some chronic diseases and sleep 

duration may also be due to sleep disorders not measured and adjusted for in studies. For 

instance, a recent study reported significantly higher rates of short sleep duration among 

individuals with obstructive sleep apnea [132]. Obstructive sleep apnea is common in 

individuals with cardiovascular disease, metabolic syndrome, and COPD [133]. However, it 

is rarely controlled for in population-based studies.  

Stress 

Among the factors that have a bidirectional relationship with sleep is stress. Acute or 

chronic stress can affect one’s ability to sleep adequately. On the other hand, insufficient 

sleep can significantly affect one’s mental health and cause an increased likelihood of 

exposure to stressors, reduce one’s threshold for stressful situations, and cause greater and 

prolonged physiological and affective manifestations of stress [134].  Research results on 

stress as a predictor of habitual sleep duration are mixed, likely due to differences in stress 

measurement and other related factors adjusted for in the study.  

Studies that broadly measured perceived stress levels, using a single question and 

another using a scale that encompasses several categories of stressors (including racism and 



25 

 

discrimination), reported a positive association between perceived stress and short sleep 

duration [115, 135]. In contrast, a study that adjusted for ethnic discrimination and 

acculturation stress in its analyses reported no association between chronic stress (defined as 

stress related to life domains such as work, family, and health) and habitual sleep duration 

[118]. These findings also indicate that racial or ethnic discrimination and acculturation stress 

should be considered as significant moderators of the association between chronic stress and 

sleep duration. These two factors are discussed further in the social-level and societal-level 

factors section of this literature review. 

Health behaviors 

Several studies have analyzed the relationships between habitual sleep duration and 

health-related behaviors such as physical activity, alcohol consumption, cigarette smoking, 

and dietary intake. In most instances, the relationship between sleep and other health-related 

behaviors is bidirectional. Inadequate sleep can interfere with optimal neurocognitive 

functions such as executive functions, attention, impulsivity, and effort discounting and 

consequently; (1) alter attention to cues for health behaviors; (2) increase impulsivity 

resulting in unhealthy decisions; and (3) cause individuals to put less effort into engaging in 

health behaviors [67]. On the other hand, unhealthy lifestyle behaviors such as excessive 

alcohol intake and physical inactivity can lead to poor sleep outcomes. Individuals who adopt 

healthy lifestyle practices may also choose healthy sleep habits such as sleeping the 

recommended hours per day. 

Regular physical activity can improve sleep by promoting more efficient body 

functions such as; (1) regular decrease in body temperature during sleep time, which 

promotes sleep; (2) modulation of the autonomic nervous system; (3) increased secretion of 

brain-derived neurotrophic factor (BDNF) which helps improve mood [136]; and (4) 

increased levels of extracellular adenosine which promotes sleep homeostasis [137]. 

https://www.sciencedirect.com/topics/medicine-and-dentistry/brain-derived-neurotrophic-factor
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Conversely, adequate sleep can increase one’s capacity to stay physically active by 

improving mental and physical performance and resilience [136]. The results on the 

relationship between physical activity and sleep duration are not consistent across studies. A 

cross-sectional study of adults aged 18 – 79 years [110] and a longitudinal observational 

study among older adults [117] found that being regularly physically active reduced the odds 

of having self-reported long sleep duration. Another longitudinal study in older men found 

higher physical activity levels to be protective against short sleep duration [121], while a 

cross-sectional study in older adults showed no association between physical activity and 

habitual sleep duration [114]. 

An RCT of adults aged 45 years and below who were physically inactive and 

overweight or obese reported a modest effect of physical activity on sleep duration [123].  In 

this study, vigorous-intensity physical activity led to a slight increase in actigraphy-measured 

mean sleep duration (+29 min/night, p-value = 0.03) at three months. No difference in mean 

sleep duration was noted between the control (physically inactive) and moderate-intensity 

physical activity groups at three months. No difference in sleep duration was noted across all 

groups at six months. The mean baseline sleep duration across the groups ranged from 6.8 – 

7.1 [123], approximately the same as the recommended 7 hours minimum sleep for adults 

[37, 43]. Having a normal mean sleep duration at baseline may have limited the effect size of 

the intervention.  

Even though consuming alcohol may help some people fall asleep faster, it can 

interfere with normal sleep mechanisms and, ultimately, cause sleep disruptions [138]. A 

cross-sectional study among adults aged 18-79 found that adults who consumed alcohol were 

more likely to have a short sleep duration than non-drinkers [110]. However, the findings are 

not consistent across all studies. Other studies among older adults [114, 117, 121] and those 
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aged 18 years and above [124] found no associations between alcohol intake and habitual 

sleep duration. 

Another health behavior that can affect habitual sleep duration is cigarette smoking. 

Cigarette smoking can negatively affect sleep through (1) nicotine’s effect on 

neurotransmitters that promote wakefulness and inhibit sleep [139]; (2) nicotine withdrawal 

effects as nicotine blood levels during sleep decrease; and (3) the development or worsening 

of diseases that negatively impact sleep [140]. However, recent studies on smoking status as a 

predictor of sleep duration have found no significant relationship between the two [114, 121, 

124]. Other findings show that habitual sleep duration may be a significant determinant of 

cigarette smoking patterns. A 5-year prospective study among smokers found that compared 

to those who maintained normal sleep duration (7-8 hours/day), those who transitioned from 

normal to short sleep duration had worse smoking outcomes. They had significantly 

increased odds for increasing the number of cigarettes smoked per day, reporting continued 

difficulty in skipping smoking for a day, and a change to higher nicotine dependence (defined 

as a change in time to smoking the first cigarette upon waking from ≥30 to ≤15 minutes). 

However, a change from short sleep to normative sleep duration was not a predictor of 

smoking outcomes [141]. 

A diet's quality, the degree to which the diet contains nutrient-dense food components 

in amounts within the recommended daily nutrient goals [28, 142], can impact sleep [143, 

144]. The 2015-2020 US dietary guidelines define a high-quality diet as one containing; (1) 

plenty of vegetables, fruits, legumes, nuts, and whole grains; (2) proteins from a variety of 

food sources, including nuts, seeds, legumes, fish, and lean meats; (3) limited added sugars 

(<10% of the total energy intake) and saturated fats  <10% of the total energy intake; (4) 

limited sodium  (<2300 mg/day); and (5) limited refined grains [28]. A diet that best 

promotes sleep is rich in nutrients, such as vitamin B complex and tryptophan, essential in 
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synthesizing hormones involved in regulating sleep and wakefulness [143]. Studies show a 

negative association between a high-quality diet and short sleep duration [125, 145]. Other 

studies have reported associations between short sleep duration and diets containing low 

amounts of fruits and vegetables [114], high amounts of fat [146], low potassium, fiber, and 

calcium [147]. Studies have also found that individuals whose dietary intake is regular are 

less likely to have a habitual short sleep duration [110, 148].  

Even though findings from cross-sectional studies on dietary intake as a predictor of 

sleep duration could reflect the effect of dietary habits on sleep, they could also be an 

indicator of the effect of habitual sleep on dietary choices. Sleep loss can lead to increased 

activation of the endocannabinoid system, heightened sensitivity for rewarding food stimuli, 

and impulsivity, which collectively lead to hedonic eating [144, 149, 150].  An experimental 

study of young adults reported that restricting sleep to 4.5 hours/night was associated with a 

concomitant increase of endocannabinoid system hormones, increased hunger and desire to 

eat, and high intake of calorie-rich palatable snacks [150].  

Knowledge and attitude towards sleep 

 An individual’s attitude towards sleep can directly affect their sleep-related behaviors [71, 

151]. Attitude can be described as the propensity to evaluate something with some degree of 

favorability or unfavourability. This evaluation can be overt or covert, affective, cognitive, or 

behavioral [152]. In sleep, examples of this evaluation include beliefs and thoughts about the 

necessity of sleep (cognitive), feelings about the benefits of sleep (affective), and prioritizing 

enough sleep time in ones’ daily schedule (behavioral) [153].  Two cross-sectional studies in 

the US involving community-dwelling adults aged ≥21 years [153] and college students aged 

18 – 25 years [154] reported a positive association between sleep attitudes and sleep duration. 

Both studies used a validated tool, Charlotte Attitudes Towards Sleep Scale [155], that 
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measures two aspects of sleep attitude; (1) sleep benefits/enjoyment; and (2) sleep as a time 

commitment.  

The literature on how sleep knowledge is related to habitual sleep duration is limited. 

One study among 18 to 25-year-old college students found no associations between sleep 

knowledge and habitual sleep duration. The aspects of knowledge assessed were sleep 

physiology, sleep determinants and requirements, signs of sleep disorders, and outcomes of 

inadequate sleep [154].  

Social and societal-level factors 

Social-level factors that may influence sleep duration include the home environment 

and family factors, work- and school-related factors, neighborhood characteristics, 

race/ethnicity, socioeconomic status, religion, culture, and social networks [71].  

Home environment and family factors 

The environment comprises physical, social, and emotional dimensions. An example 

of the physical environment is the noise levels in the home during bedtimes. Rules or norms 

within the family regarding social media use at bedtime are examples of social environment 

factors. The extent to which the family’s emotional climate is conducive to sleep reflects the 

emotional dimension [156]. The home environment is a source and model for sleep habits 

and other health behaviors related to sleep [71]. The second social-level factor that is closely 

related to the home environment is the family. For instance, family factors can influence an 

individual’s attitude towards sleep and sleep-related behaviors, and these influences mostly 

occur within the home environment [71]. Even though Grandner’s socioecological model 

separates family factors from the home environment, previous studies on the home 

environment and sleep have considered family factors to be part of the home environment 

[156, 157]. Examples of family factors that may affect sleep duration include other family 
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members’ sleep habits and health behaviors, family routines, family members' health status, 

relationship dynamics within the family, and family structures [151, 156].  

A few studies have analyzed the relationship between the home environment and 

sleep. A study of community-dwelling adults living in low-income areas found that 

household crowding, defined as the ratio of household members to rooms ≥1, lowered the 

odds for having a long sleep duration by 60% but was not associated with short sleep duration 

[158]. Another study on digital media use among university students found that computer 

work or reading of printed material within an hour of sleep time was associated with a 12 – 

20 minutes decrease in total sleep time per night (p<0.05). Other digital activities, such as 

listening to music and surfing the internet, were not associated with total sleep time [120]. A 

survey of community-dwelling 18 – 94-year-old adults also found that frequent mobile phone 

use in the bedroom after lights were switched off was related to lower sleep quality but not 

habitual sleep duration [116]. 

Work-related factors 

Examples of work-related factors that can influence habitual sleep duration include 

the physical environment, work schedules, job expectations and demands, hours of work, and 

work-related stress [71, 159]. Work schedules that limit the hours available for rest or require 

people to work during times when they typically should be sleeping may affect sleep duration 

[122, 159]. Research findings point to a negative association between the number of hours of 

work and sleep duration. An example is a study conducted in an extended care facility 

workers that reported a 5 minutes decrease in actigraphy-measured total sleep time per day 

with every 10 hours worked per week [160]. Findings from the American Time Use Survey 

also showed that the main activity exchanged for sleep is work. Working multiple jobs was 

associated with the high odds of having a short sleep duration [161]. 
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Another key factor in the relationship between work and sleep duration is work 

schedules. The main work schedules are day work and shift work. Shift work is any work 

schedule not within the typical day work schedule hours of 8 am to 6 pm. Examples of shift 

work schedules include afternoon, night, split (working twice a day with two or more hours 

break between the two work periods), irregular (no fixed work schedule), and rotating or 

alternating shift (working on different shifts according to a fixed schedule) [122].  Findings 

from studies on the relationship between work schedules and sleep indicate that individuals 

on certain shift work schedules have higher napping and short sleep duration rates.  

A study of community-dwelling adults employed in various US sectors examined 

afternoon, night, split, irregular, and rotating shifts, compared to day work, as predictors of 

actigraphy-measured sleep duration. Results showed that working irregular and night shifts 

were associated with a 9 to 11 minutes increase in mean napping time (p <0.0001), but only 

night shift was associated with a significantly lower 24-hour sleep duration (-25.6 ±4.2 

minutes, p<0.0001) [122]. Another study involving female hospital workers also found that 

those on shift work (alternating 12-hour night and day shifts) had lower mean actigraphy-

measured 24-hour sleep duration than day workers (-30 minutes and -104 minutes, p<0.05) 

during the days they were on the day and night shift, respectively. However, the shift workers 

had a higher mean sleep time during day-offs (+47 minutes, p <0.05). Shift workers also had 

higher napping rates (75% vs. 35%, p<0.05). Overall, the average sleep duration of shift 

workers across the seven days was less by 13 minutes during main sleep periods than that of 

day workers [162]. The increase in naps and time spent sleeping during free days among shift 

workers may indicate the slept debt's compensation due to disruptions in the normal circadian 

rhythm [159].  

Other findings from a 6-year prospective cohort study of hospital workers showed a 

higher likelihood of having long sleep duration and reporting frequent fatigue among shift 
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workers than day workers. Among whose work schedules remained the same, the risk for 

self-reported long sleep duration at six years was 8 and 5 times higher in those on shift work 

with nights and shift work without nights, respectively, than those on day work schedule. 

Compared to those who remained on the day work schedule during the six years, a change 

from day work to shift work was also associated with a four-fold increase in risk for long 

sleep duration at six years [163]. The change to long sleep duration among shift workers may 

be due to increased fatigue and sleep loss [159, 163]. Longer sleep time helps in recovery 

from sleep loss [37]. The increase in long sleep durations among shift workers may also be 

partly due to self-reports. In self-reported sleep time, measurement error may occur when 

individuals report time spent in bed rather than time spent sleeping [37]. In this study, 

individuals on shift work had reported being fatigued more often [163].  Consequently, they 

may have spent more time in bed compared to day workers. Time spent in bed was not 

accounted for in the study.  

Neighborhood characteristics 

Chambers et al. evaluated two aspects of the neighborhood environment in a study of 

residents living in low-income residential houses. The first aspect was neighborhood 

disorder, defined as the degree to which trash/littering, disserted buildings, violence, loud 

noises, vandalism, inadequate security, graffiti, and drinking in public, and other activities 

deemed unlawful, was a problem. The second aspect was the residential building condition, 

including smells emanating from outside the apartment, graffiti, friendliness of neighbors, 

security, lighting, and cleanliness. Neighborhood disorder and poor residential building 

conditions were associated with poor sleep quality but not habitual sleep duration [158].  

Johnson et al. examined neighborhood social cohesion (how close-knit and how well 

people got along, willingness to help each other, trustworthiness of neighbors, and sharing of 

the same values), neighborhood violence, and neighborhood problems (noise, traffic, 
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littering, and unavailability of healthy foods and recreational areas). Compared to lower 

neighborhood violence, high neighborhood violence was associated with higher odds for 

short sleep duration. Neighborhood social cohesion and problems were not associated with 

sleep duration [126]. Studies have also been done on neighborhood socioeconomic status, 

which is discussed in the socioeconomic status section. 

Socioeconomic status  

Socioeconomic status, defined as an individual or group’s social and economic 

standing [164], comprises neighborhood and individual socioeconomic status [165]. Studies 

on sleep in the US have used the US census tract-level socioeconomic data to measure 

neighborhood socioeconomic status [93, 126, 166]. Examples of census-tract variables that 

are used include the percentage of; (1) individuals with less than high school education; (2) 

renter-occupied housing units; (3) households with an income below the poverty level; and 

(4)  households that receive public assistance [93]. Some of the measures of individual 

socioeconomic status include education level, income, and occupation [164, 167]. 

The findings on neighborhood socioeconomic status and habitual sleep duration 

relationship are mixed. Two studies in the US, one by Johnson et al. that used self-reported 

sleep duration and the other by Fuller-Rowell et al. that used actigraphy-measured sleep 

duration, found no association between neighborhood socioeconomic status and sleep 

duration after controlling for sociodemographic factors, health characteristics (health 

behaviors and health conditions) and individual socioeconomic status [126, 166]. In contrast, 

Xiao et al. reported a positive association between low neighborhood socioeconomic status 

and short and long sleep duration [93]. However,  unlike the other two studies that included 

adults of a wide range of ages and controlled for several health conditions [126, 166], Xiao et 

al.'s study comprised adults aged 50 – 77. The study also excluded those with a history of 

heart, stroke, and cancer but did not adjust for other health conditions and only used 
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education level to adjust for individual socioeconomic status [93]. Since health conditions 

(common among older adults) and individual socioeconomic status can confound the 

relationship between neighborhood socioeconomic and sleep duration, not adjusting for them 

could have influenced the study findings.  

Studies have reported racial/ethnic differences in the relationship between individual 

socioeconomic status and habitual sleep duration. In one study, the prevalence of short and 

long sleep duration decreased with increasing education levels among non-Hispanic whites 

after adjusting for gender, age, and nativity. In contrast, among African Americans and 

Hispanics, a unit increase in education level was associated with a 6 – 7% increase in short 

sleep duration prevalence. Also, in Hispanics, a decrease in educational attainment was 

associated with a 5% increase in prevalence for long sleep duration [168]. Another study of 

African Americans that controlled for numerous factors, including health characteristics, 

found no differences in short sleep duration based on education levels. However, having a 

college degree was associated with a lower prevalence of long sleep than other education 

levels [126]. These findings indicate that higher socioeconomic status is not always 

associated with better sleep outcomes across all groups, and this may be due to other factors 

related to race/ethnicity.  

Other research findings by Jackson et al. show racial/ethnic differences in the 

relationship between occupation status and habitual sleep duration. The study classified 

occupations into three levels: laborer, supportive services, and management/ professional 

[112]. Among non-Hispanic blacks and Hispanics, a higher occupation level was associated 

with increasing short sleep duration prevalence. In contrast, among non-Hispanic whites, 

those in management and professional roles had a lower prevalence of short sleep duration 

than laborers. These racial/ethnic differences in sleep duration across all occupations were 

greater among non-Hispanic blacks than non-Hispanic whites [112]. These differences in 
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occupation and sleep relationships across racial/ethnic groups may be related to other social 

and societal factors. For instance, non-dominant racial-ethnic groups may have greater 

exposure to stressors such as microaggressions and discriminatory practices and lack 

adequate social support. All these will impact sleep negatively [151]. A social support system 

is associated with better sleep outcomes [169, 170], while racial/ethnic discrimination is 

associated with worse sleep outcomes [118, 171]. 

Race/ethnicity, acculturation, and racial/ethnic discrimination 

The racial/ethnic differences in habitual sleep duration are consistent across studies. 

In a study among adults aged 35 – 64 years, the mean actigraphy-measured sleep time was 

significantly lower by 36 – 48 minutes across all other racial/ethnic groups (Hispanics, 

Asians, and non-Hispanic blacks) than non-Hispanic whites after adjusting for age, sex, level 

of education, work schedule and health characteristics [172]. Chen et al. noted similar 

racial/ethnic differences in actigraphy-measured sleep duration among adults (aged 54-93 

years) even though they did not control for as many potential confounders. Individuals of 

Non-Hispanic black, Hispanic, and Chinese ethnicities had had significantly higher odds for 

short sleep duration (< 6 hours/night) than non-Hispanic whites after adjusting for age, sex, 

and study site. The differences ranged from about two times higher among Hispanics to  4 

times higher among non-Hispanic blacks [173].  

The racial/ethnic differences in sleep duration have also been studied based on 

nativity status. For US-born adults, results also showed a higher prevalence rate of 

short sleep duration among non-Hispanic blacks, Hispanics, and Asians, when compared to 

non-Hispanic whites. Among non-US-born adults, there was a slight variability. Both non-

Hispanic blacks and Asians had a significantly higher prevalence for short sleep duration than 

non-Hispanic whites. There were no differences noted in sleep durations of non-US-born 

Hispanics and non-US-born Hispanic whites [174].  
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A factor that may partly explain the differences in sleep duration among US-born and 

non-US-born adults and across different ethnicities is acculturation. Acculturation refers to a 

multidimensional process in which individuals adapt and integrate into their way of life 

elements of an unfamiliar and predominant culture while retaining aspects of their own 

culture [151, 167]. Acculturation can negatively affect sleep through; (1) adoption of 

unhealthy lifestyle behaviors; (2) weakening or loss of protective factors, for example, social 

networks in one’s country of origin [167]; and (3) exposure to many stressors related to the 

acculturation process [118].  

One aspect of acculturation that has been analyzed in sleep studies is acculturation 

stress. In a study of US-born and non-US-born Latinos, Alcantara et al. used the Hispanic 

Stress Inventory to measure the level of distress one had the prior three months related to 

adapting to and integrating into the new way of life. The study found no association between 

acculturation stress and habitual sleep duration after adjusting for several factors, including 

nativity status, depressive symptoms, chronic stress, and ethnic discrimination [118]. In 

another study, Park et al. used an acculturation stress index tool to measure homesickness, 

social isolation, discrimination, employment barriers, civic disengagement, and family 

problems among Korean American immigrants. Higher levels of homesickness and lower 

civic engagement among women, and higher levels of isolation in men were significantly 

associated with short sleep duration (<6 hours/night) after controlling for various 

sociodemographic and socioeconomic characteristics [175]. 

Racism involves the belief of superiority or inferiority of one racial group relative to 

another group [176]. Racism may also be more broadly described as not only a belief but also 

any action or practice reflecting an ideology that there are biological differences between 

racial groups which result in differences in many traits, including physical traits, personality, 

behavior, intellect, and morality, and that some racial groups are superior to others [177]. In 
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the US, racial/ethnic minority groups are more likely to experience racial/ethnic 

discrimination, as noted in one multi-ethnic study where non-Hispanic blacks were more 

likely to report exposure to racial/ethnic discrimination than other racial/ethnic groups [178].  

In a study of young adults of Mexican origin between 18 to 26 years of age, most (72.8%) 

reported experiencing ethnic discrimination within the previous year [179]. 

Epidemiological studies have reported associations between racial/ethnic 

discrimination and habitual sleep duration [118, 178]. One study among Hispanic adults 

measured perceived ethnic discrimination by assessing the frequency of exposure to 

exclusion or rejection, stigmatization, discrimination at work or school, and threats and 

aggression. The findings showed a significant relationship between perceived ethnic 

discrimination and habitual short sleep duration after controlling for sociodemographic and 

socioeconomic factors, nativity status, disease (including depression and sleep apnea), health 

behaviors, chronic stress, and acculturation stress [118]. In another multi-ethnic study, 

reporting a major racial/ethnic discrimination experience was associated with a shorter sleep 

duration after adjustment for sociodemographic and socioeconomic factors, other types of 

discrimination, workplace incivilities, and other stressors [178]. This finding is consistent 

with propositions that the racial/ethnic disparities in sleep may be partly explained by 

exposure to racial/ethnic discrimination [151, 167, 180].  

Section 3: Habitual Sleep Duration – Hypertension Relationship 

The link between sleep quantity and blood pressure  

Sleep plays a role in many physiologic processes, including those involved in 

regulating blood pressure, for example, the neuroendocrine and cardiovascular systems [37]. 

One of the main physiologic processes that regulate sleep is the circadian rhythm. The 

circadian rhythm depends on a group of nerve cells in the hypothalamus called the 

suprachiasmatic nucleus [35, 36], which function as the central circadian pacemaker [181, 
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182]. The central circadian pacemaker evolved to synchronize activity, rest, and nutritional 

intake to biological rhythms (circadian and circannual rhythms) using the autonomic nervous 

system (ANS) [59]. The ANS, through its sympathetic arm and baroreceptors, regulates 

arterial BP, and their function is, in turn, connected to the circadian rhythm, the sleep/wake 

cycle, and the sleep processes [61].   

The ANS indices, which include the heart rate and BP, have a diurnal pattern. In 

normal physiologic function, an increase in sympathetic nervous system (SNS) activity leads 

to increased BP. The specific effects of increased sympathetic activity that lead to an increase 

in BP include an increase in heart rate, cardiac contractility, and peripheral vascular 

resistance. A reduction in the SNS activity also leads to a transient reduction in BP [3]. 

During sleep, specifically during the non-rapid eye movement (NREM) phase, which makes 

up about 75% of the total sleep time [35, 183], there is; (1) a decrease in the SNS activity; (2) 

an increase in the cardiovagal drive; and (3) an increase in baroreceptor response to BP 

increments. These changes reduce ANS activity indices, including heart rate and blood 

pressure [35, 61]. Usually, this results in a 10% to 20% decrease in SBP, which is referred to 

as nocturnal ‘dipping’ of  BP, an essential phenomenon in optimal cardiovascular function 

[60].  

Alteration in sleep parameters, including sleep quantity, can affect ANS function, 

causing an increase in nocturnal BP and ultimately affecting BP levels [184]. Studies have 

documented effects of sleep loss such as: (1) sustained elevation in SNS activity and 

diminished SBP ‘dipping’ throughout the time one remains awake during the night; (2) 

enhanced SNS activity during the awakening period following sleep loss; and (3) sustained 

elevated SNS activity characterized by high BP throughout the next day following sleep loss 

[61]. Other findings indicate that 24-hour sleep deprivation leads to a decrease in baroreflex 

sensitivity, which results in the baroreceptor reflex resetting to higher BP [185]. Chronic 
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sleep loss can cause sustained disruptions of the ANS functions and increase one’s BP. 

Chronic exposure to high BP can result in structural adaptations such as left ventricular 

hypertrophy. These changes will force the cardiovascular system to operate at higher 

pressure, leading to increased BP and sustained hypertension [59]. 

One of the mechanisms that have been studied in the sleep-hypertension relationship 

is endothelial dysfunction. There is evidence from experimental studies of endothelial 

dysfunction related to sleep restriction [62, 186]. In a study involving middle-aged and older 

men (aged 44-70 years), Bain et al. noted that endothelial vasodilation was significantly 

lower in those whose sleep duration was <7 hours/night compared to those who slept 7-9 

hours/night. Two possible mechanisms involved in sleep loss-related endothelial dysfunction 

include increased oxidative stress and inflammation [186]. Experimental studies have 

demonstrated that sleep loss can cause an increase in oxidative stress [187] and inflammation 

[188].     

Sleep loss is also linked to metabolic disorders such as insulin insensitivity and 

obesity, which increases the risk of hypertension [59, 60]. Sleep loss can reduce glucose 

tolerance and increase insulin resistance resulting in hyperglycemia and, eventually, type 2 

diabetes [149, 189], a risk factor for hypertension [59, 60, 149]. Experimental studies have 

demonstrated reduced insulin sensitivity when sleep is restricted to 4.5 to 5 hours per night 

[63, 190]. Sleep loss also increases the risk for obesity because it potentiates the upregulation 

of appetite, intake of high-calorie foods, and physical activity reduction, resulting in a 

positive energy balance [60]. A few studies have reported associations between sleep loss and 

decreased leptin levels, a satiety hormone [145, 191, 192], and an increase in the orexigenic 

ghrelin [191]. The increase of orexigenic hormones and a decrease in satiety hormones 

contribute to increased appetite and intake of calorie-rich foods [144, 149]. Studies have also 

shown that sleep loss can heighten the brain's activation reward centers. The activation of 
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reward centers causes hedonic eating characterized by increased food intake and a high 

preference for relatively unhealthy foods [193] or palatable high-calorie foods [150]. These 

changes increase the risk of obesity, a major risk factor for hypertension. 

A cross-sectional study of UK Biobank data found that overweight or obese adults 

were more likely to have a  habitual short sleep duration (<7 hours/night) and be less 

physically active [194]. These findings demonstrate the interrelated nature of these factors. In 

addition to promoting weight control, physical activity has a dose-dependent effect on BP 

reduction [27, 98, 99, 195]. Adequate sleep increases one’s capacity to stay physically active 

by improving mental and physical performance [136]. At the same time, being physically 

active also improves sleep [136, 137]. 

Association between habitual sleep duration and hypertension  

Several studies have cross-sectionally and longitudinally examined the relationship 

between habitual sleep duration and hypertension. In these studies, normative sleep duration 

was defined as either 7 or 7-8 hours, and most reported hours of sleep were in 1-hour 

increments. Short sleep duration was defined differently across the studies, ranging from ≤4 

hours/night [17] to <7 hours/day [15, 196]. Most studies defined long sleep duration as 8 

hours of sleep per day or night. The criteria used in most studies to classify participants as 

hypertensive was a measured BP ≥140/90 mmHg or a self-reported history of being 

diagnosed with hypertension or the use of antihypertensive medications. Several studies, 

including meta-analyses [12, 64], cross-sectional [14-17, 50, 197-199], and longitudinal 

studies [13, 14, 65, 200, 201], have reported a positive association between habitual short 

sleep duration and risk of hypertension.  

Other research findings indicate that the relationship between sleep duration and 

hypertension is modified by age and gender. A longitudinal study of middle-aged and older 

women showed an association between self-reported short sleep duration (≤5 hours/night) 
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and hypertension in those aged <60 years [14]. Similarly, two other longitudinal population-

based studies, one of the adults aged ≥50 years [65] and the other adults aged ≥ 45 years 

[198], found significant associations between sleep duration and hypertension only in those 

aged <60 years [65, 198]. Other studies only noted significant associations between sleep 

duration and hypertension in those aged <44 years [197] and <55 years [13]. Other findings 

showed a significant association between habitual sleep duration and hypertension risk in all 

adult age groups, but that association was stronger in younger adults [15, 16].  

In studies on gender modification of sleep-hypertension relationship, Grandner et al. 

reported a significant association between sleep duration and hypertension in both men and 

women, but that association was stronger among women [17]. These findings on gender-

specific differences have also been noted in a meta-analysis that showed a significant 

association between habitual short sleep duration and hypertension risk among women but 

not men [64]. 

A few study findings suggest an inverse dose-response relationship between habitual 

short sleep duration and risk for hypertension. In a study that used 7-8 hours/night as the 

normal sleep duration, self-reported sleep duration of 5-6 hours was associated with 22% 

increased risk for hypertension (OR=1.22, 95% CI;1.02-1.45), and the risk for hypertension 

increased substantially (OR=2.02, 95% CI;1.45-2.81) among those with a sleep duration of 

<5 hours/night [50].  These findings are consistent with another study, which reported a 86%, 

56%, and 27% increase in the risk of hypertension in adults whose sleep duration was ≤4, 5, 

and 6 hours, respectively [17]. Matthews et al. reported a 10% increase in hypertension risk 

with a <5 hours/day of sleep but none with 5-6 hours /day compared to 7-8 hours/day [16]. A 

dose-response relationship has been demonstrated in a meta-analysis of longitudinal studies, 

which reported a 0.32% reduction in risk for hypertension with an hour increase in sleep 

duration. The meta-analysis findings also showed that a sleep duration of  ≤5 hours was 
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associated with a higher risk for hypertension than a sleep duration of  6 hours (p<0.05) 

compared to 7 hours of sleep [12]. 

Evidence from several studies that analyzed longitudinal data [13, 14, 65, 200, 201] 

and others that analyzed cross-sectional data [15, 16, 50, 197] indicate that long sleep 

duration is not associated with risk for hypertension. However, a few cross-sectional study 

findings showed an association between long sleep duration and hypertension among older 

women [14], middle-aged women [198], and those aged 24-74 years [17].  Currently, there is 

no biologically plausible pathway through which long sleep duration causes disease [37]. The 

long sleep hours noted in those with hypertension may be related to the underlying 

pathophysiological processes in cardiometabolic disorders such as hypertension. These 

pathophysiological processes may contribute to tiredness and sleepiness [59], and this can 

either cause one to sleep for long or spend more time in bed. One can misinterpret the time 

spent in bed as time slept when responding to sleep duration questions [37]. 

One of the limitations of many studies that have examined the association between 

sleep duration and hypertension is the lack of control for obstructive sleep apnea (OSA). 

OSA is a major risk factor for cardiometabolic disorders, including hypertension [7, 202]. 

Two studies found no association between habitual sleep duration and risk of hypertension 

after adjusting for OSA [132, 203]. These findings suggest that OSA is a potential 

confounder of the relationship between sleep duration and hypertension, and controlling for it 

would yield more informative results. 

A few studies have examined sleep duration association with health outcomes in 

individuals with hypertension. A 3-year prospective study of hypertensive older adults (≥60 

years) investigated the association between sleep characteristics with a change in the number 

of antihypertensive medications prescribed. The study participants’ baseline average sleep 

duration was 6.9 hours/day. The baseline average number of prescribed antihypertensives 
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was 1.8. No association was noted at follow-up between sleep duration and change in the 

number of antihypertensive medications being taken [73]. In a cross-sectional study of 

hypertensive individuals who were not on antihypertensive medications, long sleep duration 

was associated with higher SBP and pulse pressure after controlling for sociodemographic 

and socioeconomic factors, family history of cardiovascular disease, BMI, alcohol intake, and 

smoking [74]. However, the study did not adjust for chronic medical conditions, which can 

confound the relationship between sleep duration and BP outcomes.  

Section 4: Gaps in Literature  

Studies show that the relationship between race/ethnicity and hypertension control 

becomes insignificant when adjustments are made for socioeconomic status, health insurance, 

and health care visits. However, the studies reviewed focused on young adults and older 

adults on antihypertensive drug therapy. Studies should examine these relationships across all 

adults of all age groups. Future epidemiological studies on hypertension should consider 

adjusting for the neighborhood and individual socioeconomic status and healthcare-related 

factors because they can confound the relationship between race/ethnicity and hypertension 

control.  

There is limited literature on the relationship between non-pharmacological 

interventions for hypertension management, such as physical activity, diet, and hypertension 

control in the US. One of the epidemiological studies on physical activity did not measure the 

level of physical activity but only categorized individuals as physically active or physically 

inactive based on a response to whether one had done any exercise in the past year. The other 

only considered leisure-time physical activity. Estimating the actual amount of time spent 

weekly in physical activity and including other types of moderate-to-vigorous-intensity 

physical activities such as work-related activities will provide a more meaningful analysis of 

the association between physical activity and hypertension control. There are also no recent 
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population-based studies in the US that have examined how the DASH diet predicts 

hypertension control among individuals with hypertension. 

Even though sleep duration has been extensively studied in the general population, no 

recent study has focused exclusively on individuals with hypertension. Since sleep loss 

adversely affects BP level, it is crucial to understand the habitual sleep patterns among those 

already hypertensive to identify groups most at risk for short sleep duration. Also, the 

measurement of self-reported sleep duration varies across studies. Examples of variations 

included estimating the amount of sleep per night, day, or main sleep period. The definition 

of normative, short, and long sleep duration also varied. The differences in the measurement 

and definition of sleep duration make it challenging to compare results across studies.  

Most studies that analyzed the association between habitual sleep duration and 

hypertension risk did not include OSA in their analyses. Two studies that included OSA in 

their statistical models reported no association between sleep duration and hypertension risk. 

Future studies should measure and adjust for OSA to improve the interpretation of findings 

on the relationship between sleep duration and hypertension.  

Most studies have focused on the relationship between habitual sleep duration and 

hypertension risk, but only a few have examined how sleep duration is related to BP 

outcomes in individuals with hypertension. Also, none of those studies that focused on the 

relationship between habitual sleep duration and BP outcomes involved the US population. 

There is also a paucity of information on predictors of habitual sleep duration in those with 

hypertension, even though there is considerable evidence pointing to a significant relationship 

between sleep duration and hypertension. This dissertation study addresses these gaps by 

examining predictors of habitual sleep duration and assessing the relationship between sleep 

duration and hypertension control in US adults with hypertension. 
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Chapter 3. Paper One: Factors Associated with Habitual Sleep Duration in US Adults 

with Hypertension 

Abstract  

Background: The relationship between inadequate sleep duration and hypertension risk has 

been established in the general population, but there is a gap in the literature on predictors of 

habitual sleep duration in adults with hypertension. This study examined factors associated 

with habitual sleep duration among adults with hypertension in the United States (US). 

Methods: Data of 5,660 adults with hypertension were obtained by combining the 2015 – 

2018 cycles of the National Health and Nutrition Examination Survey (NHANES). Survey 

weighted multinomial logistic regression models were fit to examine factors associated with 

short (<7 hours) and long (>9 hours) sleep duration with adequate sleep duration (7 – 9 

hours) as the reference.  

Results: The prevalence of self-reported adequate sleep duration was 65.7%, while short 

sleep duration was 23.6%, and long sleep duration, 10.7%. Short sleep duration (compared to 

adequate sleep duration) was positively associated with history of seeking help for sleeping 

difficulties  (relative risk ratio [RRR], 1.25; 95% confidence interval [CI], 1.02 – 1.53), Non-

Hispanic Black race/ethnicity (RRR, 2.08; 95% CI, 1.61 – 2.67),  working ≥45 hours/week 

(RRR, 1.81; 95% CI, 1.32 – 2.48), and negatively associated with older age ≥ 65 years  

(RRR, 0.63; 95% CI, 0.45 – 0.91) and female gender (RRR, 0.70; 95% CI, 0.56 – 0.88). Long 

sleep duration was positively associated with female gender (RRR, 1.24; 95% CI, 1.001 – 

1.54), chronic kidney disease (RRR, 1.48; 95% CI, 1.14-1.92),  moderate depressive 

symptoms (RRR, 1.62; 95% CI, 1.08 – 2.44), moderately severe to severe depressive 

symptoms (RRR, 1.89; 95% CI, 1.05 – 3.43),  being in retirement  (RRR, 3.46; 95% CI, 2.18 

– 5.49), and not working due to health reasons (RRR, 4.87; 95% CI, 2.89 – 8.22) or other 

reasons (RRR, 3.29; 95% CI, 1.84 – 5.88). 
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Conclusion: This population-based study identified factors independently associated with 

habitual sleep duration in adults with hypertension. These included help-seeking for sleeping 

difficulty, gender, age, chronic kidney disease, depressive symptoms, race/ethnicity, and 

employment status. These findings can help in the development of tailored approaches for 

promoting adequate sleep duration in adults with hypertension.  

Keywords: sleep duration; self-reported sleep; blood pressure; hypertension; NHANES 

Introduction   

Sleep is crucial for general wellbeing and physiologic function, including blood 

pressure (BP) regulation [37]. The American Academy of Sleep Medicine and Sleep 

Research Society (AASM/SRS) and the National Sleep Foundation (NSF) recommend that 

individuals aged ≥18 years sleep for a minimum of seven hours a day to stay healthy [37, 43]. 

However, the proportion of United States (US) adults who habitually sleep less than the 

recommended hours has increased over the years. For example, the prevalence of habitual 

short sleep duration (<7 hours/day) among working US adults rose from 30.9 % in 2010 to 

35.6% in 2018 [204]. The burden of hypertension also remains a public health challenge in 

the US. Based on the 2017 American College of Cardiology and American Heart Association 

(ACC/AHA) guidelines, 47.3% of US adults have hypertension, and only 26.1% of those 

with hypertension have it under control [205].   

The 2017 ACC/AHA guidelines recommend weight reduction, adopting a healthy diet, 

sodium reduction, regular physical activity, and reducing alcohol intake as the primary 

evidence-based lifestyle interventions for addressing modifiable risk factors of hypertension 

[7]. However, growing evidence indicates that short sleep duration is also a significant risk 

factor for hypertension [12, 16, 17, 199]. In addition, other studies have reported associations 

between short sleep duration and factors that can negatively impact hypertension prevention 

and control, such as obesity [194, 206], unhealthy diet [114, 125], and increased alcohol 
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intake [110]. These findings on the relationship of sleep duration with hypertension and other 

health-related behaviors indicate the potential role of habitual sleep duration in preventing 

and controlling hypertension.  

Although studies have identified predictors of habitual sleep duration across different 

US populations [118, 121], none has focused specifically on individuals with hypertension. 

Given the evidence from many studies of associations between sleep duration and 

hypertension and its risk factors, it is crucial to examine habitual sleep duration in individuals 

with hypertension. A better understanding of the determinants of habitual sleep duration in 

those with hypertension will contribute to more targeted clinical and public health 

interventions aimed at groups most prone to having inadequate sleep duration. This study’s 

objective was to identify sociodemographic and health factors independently associated with 

self-reported habitual sleep duration among US adults with hypertension. 

Methods 

Study population  

This cross-sectional study used data collected from US adults aged 18 and above in the 

2015-2016 and 2017-2018 waves of the National Health and Nutrition Examination Survey 

(NHANES). The NHANES is a cross-sectional survey whose aim is to estimate the health 

and nutritional status of civilian, noninstitutionalized US adults and children of all ages. The 

survey uses complex stratified multistage sampling to get a nationally representative sample. 

The data is collected through interviews done in a study participant’s home and physical 

examinations completed at a designated mobile examination center (MEC) [207].  

The 2015-2016 and 2017-2018 NHANES cycles had 19,225 study participants [208]. 

Of these, there were 11,848 adults aged 18 and older. The primary inclusion criteria for the 

present study was the presence of hypertension in an adult aged 18 years and above. In the 

present study, average systolic BP and diastolic BP were calculated from all the recorded BP 
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measurements taken at the MEC. The NHANES participants had three consecutive BP 

readings taken after 5 minutes of rest [209]. Based on the 2017 ACC/AHA guidelines [7] and 

past studies [21, 75], hypertension is defined as the current use of antihypertensive 

medication in those with a history of hypertension (n=3,215), or an average systolic BP 

≥130mmHg (n=3,744) or diastolic BP ≥80mmHg (n=2,323). The number of adults who met 

the criteria of hypertension was 5,851.  

Out of the remaining 5,851, 189 participants were excluded for the following reasons: 7 

were pregnant (self-reported pregnant status or a positive urine pregnancy test), 50 were 

missing data on sleep duration, and 139 only participated in household interviews. Thus, the 

final study sample of adults with hypertension after exclusions was 5,660 (Figure 3.1). 

 

Figure 3.1: Flow diagram for the inclusion and exclusion criteria used in the NHANES 

sample for factors associated with habitual sleep duration study   

Outcome Measures 

The self-reported habitual sleep duration assessment was based on the amount of sleep 

usually obtained during weekdays or workdays during the main sleep period (day or night). 

In the 2015 - 2018 NHANES cycles, the sleep duration was calculated from responses to two 
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survey questions, “What time do you usually fall asleep on weekdays or workdays?” and 

“What time do you usually wake up on weekdays or workdays?”. In the present study, we 

categorized habitual sleep duration into short (<7 hours), adequate (7 – 9 hours), and long (>9 

hours) based on guidelines by AASM/SRS and NSF [37, 43] and past studies [110, 118].    

Covariate Measures  

Previous studies [16, 110, 114, 121] and Grandner’s Socio-ecological Model of Sleep 

and Health [71] were used as a guide in identifying covariates to include in the study. 

Grandner’s model outlines factors at the “individual, social and societal levels” related to 

sleep [71]. The current study focused on factors at the individual (e.g., health behaviors and 

other health-related characteristics) and social level (e.g., socioeconomic status, employment 

status, and race/ethnicity) of Grandner’s model to identify potential determinants of habitual 

sleep duration, all measured at the individual level of analysis [71].    

The “individual-level” covariates included in this study were gender (male, female), 

age, body mass index, help-seeking for sleeping difficulty, depressive symptoms, chronic 

health conditions, cigarette smoking, alcohol intake, and physical activity. Age was 

categorized as 18-44 years (young adults), 45 – 64 years (middle-aged adults), and ≥65 years 

(older adults). Body mass index (BMI) was categorized as <25 (no overweight or obesity), 25 

to <30 (overweight), 30 to <35 (obesity class I), 35 to <40 (obesity class II), and ≥40 kg/m2 

(obesity class III), based on the World Health Organization (WHO) guidelines [210]. Help-

seeking for sleeping difficulty was categorized as yes or no based on the response to the 

question “Have you ever told a doctor or other health professional that you have trouble 

sleeping?” Depressive symptoms were screened using the 9-item Patient Health 

Questionnaire (PHQ-9, possible range of 0 – 27), categorized based on the established criteria 

of minimal or none (0 – 4), mild (5 – 9), moderate (10 – 14), and moderately severe to severe 

(≥15) depressive symptoms [211].  
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Chronic health conditions were assessed based on either self-reported history (being 

informed by a doctor or other health professional of having the specific health condition) or 

laboratory test findings done at the mobile examination centers. Stroke, heart disease 

(coronary heart disease, angina, heart attack, or congestive heart failure), arthritis (including 

gout), and chronic obstructive pulmonary disease (including chronic bronchitis and 

emphysema) were self-reported. Those who answered in the affirmative to both “Has a doctor 

or health professional ever told you that you have asthma?” and “Do you still have asthma?” 

were classified as having asthma. Diabetes was defined as either a self-reported history of 

diabetes or blood glycohemoglobin ≥6.5%. Chronic kidney disease (CKD) was defined as 

self-reported history of undergoing dialysis in the previous 12 months or an estimated 

glomerular filtration rate (eGFR) less than 60 mL/min/1.73 m2 computed using the Chronic 

Kidney Disease Epidemiology Collaboration (CKD-EPI) equation [212, 213].  

Smoking status was categorized as never smoker (never smoked at least 100 cigarettes 

in their lifetime), former smoker (smoked at least 100 cigarettes in their lifetime but not 

smoking currently), and current smoker (smokes cigarettes some days or every day). Alcohol 

intake was based on the self-reported average number of alcoholic drinks in a lifetime and the 

past year. The equivalent for one alcohol drink used in NHANES was a 12-ounce beer, a 5-

ounce glass of wine, or one-and-half ounces of liquor. Based on the 2015-2020 US dietary 

guidelines, alcohol intake was categorized as none (never had at least 12 alcoholic drinks in a 

lifetime or any alcohol in the past year), moderate (one drink for women and not more than 

two drinks for men in a day), and heavy (more than one or two drinks in a day for women and 

men, respectively) [28]. 

Physical activity levels were assessed by calculating the metabolic equivalent of task 

(MET) minutes per week from the self-reported minutes of moderate-to-vigorous intensity 

physical activity related to leisure-time, work, and transportation (commuting by walking or 
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bicycling). MET scores are used to estimate an activity’s intensity, and one MET is defined 

as the energy expenditure at rest [97]. The MET scores proposed by NHANES for moderate-

intensity, vigorous-intensity, and transportation-related physical activity are four, eight, and 

four, respectively [214]. MET minutes per week were computed by multiplying the minutes 

per week of each of the three types of physical activity (moderate-intensity, vigorous-

intensity, and transportation-related physical activity) with their respective MET scores. The 

MET minutes for the three activities were then summed to compute the total MET minutes 

per week. The US guidelines on physical activity recommend that adults get at least 75 to 150 

minutes of vigorous-intensity or 150 to 300 minutes of moderate-intensity physical activity 

weekly [31]. The physical activity level was categorized as none, low, sufficient, and high to 

correspond to zero, <600, 600 – 1200, and >1200 MET-minutes a week, respectively [97].  

The “social-level” covariates were all measured at the individual level of analysis and 

included race/ethnicity (non-Hispanic White, non-Hispanic Black, Hispanic, non-Hispanic 

Asian, Other), nativity status (US-born, not US-born), marital status (married or living with a 

partner, unmarried [i.e., never married, separated, divorced, or widowed]), education level 

(less than high school, high school graduate, some college, college graduate), health 

insurance (insured, uninsured), employment status, and family income to poverty ratio. 

Employment status was assessed based on responses to the following survey items: (1) the 

type of work done the previous week; (2) the number of hours worked in all jobs or 

businesses the previous week; (3) whether one usually worked 35 hours per week; and (4) the 

main reason one did not work the previous week. The categories of employment status were: 

works <35 hours/week, works 35 – 44 hours/week, works ≥45 hours/week, not working 

because they are retired, not working due to health reasons, and not working due to other 

reasons [for example, taking care of family, attending school, or laid off from work]). Family 

income to poverty ratio was categorized as <1.00, 1.00 – 1.99, 2.00 – 3.99, and ≥4.00.  
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Statistical analysis and missing data 

In the final analytic sample (n=5,660), 20.1% of the observations had missing data in 

one or more covariates. The degree of missingness (unweighted number and weighted 

percentages) was as follows: marital status (n=39, 0.4%), education level (n=9, 0.1%), health 

insurance status (n=10, 0.2%), cigarette smoking status (n=6, 0.1%), alcohol intake (n=403, 

5.7%), BMI (n=90, 1.3%), depressive symptoms (n=357, 5.2%), and income to poverty ratio 

(n=689, 9.8%). Imputation of the missing data was completed using multiple imputation by 

chained equations (MICE) [215].  

All variables in the study (covariates and outcome variable) and NHANES design 

variables (strata, cluster, and survey weights) were included in the imputation model to avoid 

generating biased estimates in the analysis model [216, 217]. The literature on multiple 

imputation also recommends having in the imputation model other variables associated with 

missingness of data to make multiple imputations under the assumptions of missing at 

random assumptions more plausible [216, 218]. The auxiliary variables included in the 

imputation model included the reference person’s age and education level, household size, 

number of rooms in the household, and homeownership. Stata’s mi impute chained command 

was used to implement the multiple imputation. A total of 40 imputed datasets were 

generated, and Stata’s mi estimate command was used to analyze and pool the results [219].  

We did a sensitivity analysis to check for differences between the observed (pre-

imputation) data and the complete imputed data (post-imputation) by comparing the subgroup 

proportions across the variables with missing data. There was minimal or no change in the 

distribution of pre-imputed and post-imputed data across marital status, education level, 

health insurance status, BMI, smoking status, depressive symptoms, and alcohol intake. 

Changes were noted in the income to poverty ratio variable. The proportion of those in the 

≥4.00 category decreased from 36.6% to 35.6% after imputation. The proportion of adults in 
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the <1.00 group increased from 12.5% to 13.1%, and the 1.00 – 1.99 group increased from 

21.1% to 21.7% (Table 3.1). The results presented in this report are based on analyses of the 

complete imputed data.  

Survey analysis procedures incorporating the NHANES sample’s MEC examination 

weights and strata and cluster variables were used to account for NHANES’s sampling 

procedures and non-response to obtain results representative of the sampled population [207]. 

Descriptive analysis was conducted on all covariates for the total study sample. In the 

bivariate analyses, the distribution of all covariates across the categories of habitual sleep 

duration was assessed using the χ2 test. Multinomial logistic regression was used in analyses 

using the complete imputed data with habitual sleep duration as the outcome of interest. The 

multinomial logistic regression models (unadjusted and adjusted) were fitted with all 

covariates to examine their associations with short (<7 hours) and long sleep duration (>9 

hours) using adequate sleep duration (7 – 9 hours) as the reference category. The multinomial 

logistic regression model results were compared with complete case analysis results. All data 

were analyzed using STATA 1C Version 15 [220]. The level of significance for all analyses 

was set at a p-value <0.05.  

Results  

Sample population characteristics  

 The average age of the participants was 56.1 years; 52.1% were male; 64.1% were 

non-Hispanic White, 13.3% non-Hispanic Black and 12.9% Hispanic; 33.2% had some 

college education, and 26.9% were college graduates. The prevalence of self-reported 

adequate sleep duration was 65.7%, while short sleep duration was 23.6%, and long sleep 

duration was 10.7%. Over a third (37.2%) had a history of ever telling a doctor or other 

health professional that they had trouble sleeping. Most (89.8%) had health insurance. Over 

half (51.3%) had a BMI of 30kg/m2 and above; 48.3% had high self-reported physical activity 
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levels, while 26.2% were physically inactive. The prevalence of heavy alcohol intake was 

32.0% (Tables 3.2 & 3.3). 

 In bivariate descriptive comparisons, participants with short sleep duration were 

younger and more likely to be male, non-Hispanic Black, have no health insurance, and work 

≥45 hours weekly. Conversely, individuals with long sleep duration were older and more 

likely to be female, not employed, have a high school or lower level of education, have 

comorbidity or moderate to severe depressive symptoms, and be non-drinkers and physically 

inactive (Tables 3.2 & 3.3). 

Individual-level and social-level factors associated with habitual sleep duration  

The multinomial logistic analysis results shown in Table 3.4 were derived from the 

complete data (n=5,660) created using multiple imputations, and all associations are 

presented relative to adequate sleep duration. In the unadjusted multinomial logistic 

regression results, all covariates except BMI and nativity status showed significant 

associations with habitual sleep duration (Table 3.4).  

In the fully adjusted multinomial logistic model, age, sex, history of help-seeking for 

sleeping difficulty, depressive symptoms, and CKD were associated with habitual sleep 

duration. Older adults (≥ 65 years old) were less likely than young adults (18 – 44 years) to 

have short sleep duration (RRR, 0.63; 95% CI, 0.45 – 0.91). No age differences were noted in 

odds for being a long sleeper. Compared to men, women were less likely to be short sleepers 

(RRR, 0.70; 95% CI, 0.56 – 0.88) and more likely to be long sleepers (RRR, 1.24; 95% CI, 

1.001 – 1.54). Those reporting a history of ever telling a doctor or other healthcare 

professional they had trouble sleeping were more likely to have short sleep duration (RRR, 

1.25; 95% CI, 1.02 – 1.53).  

Long sleep duration was significantly associated with moderate depressive symptoms 

(RRR, 1.62; 95% CI, 1.08 – 2.44) and moderately severe to severe depressive symptoms 



55 

 

(RRR, 1.89; 95% CI, 1.05 – 3.43) compared to minimal or no depressive symptoms. In 

addition, those with CKD were more likely to have a long sleep duration than those with no 

CKD (RRR, 1.48; 95% CI, 1.14-1.92). Other comorbid conditions (diabetes mellitus, COPD 

or current asthma, heart disease, stroke, and arthritis) were not independently associated with 

habitual sleep duration (Table 3.4). Similarly, cigarette smoking status, alcohol intake, BMI, 

and total physical activity level were not independently associated with habitual sleep 

duration. The physical activity and sleep duration relationship findings remained the same 

when total physical activity level was substituted with physical activity derived from leisure-

time and transport-related activities in the multinomial logistic model.  

Non-Hispanic Black adults with hypertension were twice as likely as their non-

Hispanic White counterparts to have short sleep duration (RRR, 2.08; 95% CI, 1.61 – 2.67). 

The odds of being a short or long sleeper in Hispanic, non-Hispanic Asian, and  Other 

race/ethnic groups were not significantly different from that of the non-Hispanic White 

race/ethnic group (Table 3.4).  

In the association between employment status and habitual sleep duration, individuals 

working for ≥45 hours/week were more likely to have short sleep duration than those 

working 35 – 44 hours/week (RRR, 1.81; 95% CI, 1.32 – 2.48). Those retired were more 

likely to be short sleepers (RRR, 1.41; 95% CI, 1.01 – 1.98) or long sleepers (RRR, 3.46; 

95% CI, 2.18 – 5.49) than those working 35 – 44 hours/week. Long sleep duration was also 

more likely in those not working due to health reasons (RRR, 4.87; 95% CI, 2.89 – 8.22) and 

those not working due to other reasons such as attending school and taking care of the family 

(RRR, 3.29; 95% CI, 1.84 – 5.88) compared to those working 35 – 44 hours/week. Marital 

status, education level, and health insurance did not show independent associations with 

habitual sleep duration. 
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The adjusted multinomial logistic regression results from the complete imputed data 

model (n=5660) were compared to those of complete case analysis (n=4520). The direction 

and significance of the relationship between the covariates and habitual sleep duration in the 

two models were similar except in employment status, help-seeking for sleeping difficulty, 

and depressive symptoms covariates where the level of significance differed (Table 3.5). In 

employment status, retirement was associated with short sleep in the imputed model (RRR, 

1.41; 95% CI, 1.01 – 1.98)  but not in complete case analysis (RRR, 1.39; 95% CI, 0.94 – 

2.06). Help-seeking for sleeping difficulty was associated with short sleep in the imputed 

model (RRR,1.25; 95% CI, 1.02 – 1.53) but not in complete case analysis (RRR,1.20; 95% 

CI, 0.97 – 1.50). Finally, moderate depressive symptoms were associated with short sleep 

duration in the complete case analysis (RRR, 1.87; 95% CI, 1.23 – 2.85) but not in the 

imputed model (RRR, 1.61; 95% CI, 0.99 – 2.61).  

 Results from the complete case analyses showed no significant associations between 

depressive symptoms and long sleep duration, but in the complete imputed data model, long 

sleep duration was associated with both moderate (RRR,1.62; 95% CI, 1.08 – 2.44 versus 

RRR, 1.52; 95% CI, 0.98 – 2.37 in the complete case analysis)  and moderately severe to 

severe depressive symptoms  (RRR,1.89; 95% CI, 1.05 – 3.43 vs. RRR, 1.78; 95% CI, 0.84 – 

3.76 in the complete case analysis). The results show that the differences noted were on the 

significance of the relationship between the specified variables and habitual sleep duration 

but not on the direction of the relationships (Table 3.5). The complete case analysis model 

included 4520 observations (compared to 5660 observations for complete imputed data), 

translating to a 20% loss in information. This loss of information may bias results in the 

complete case analysis and may have contributed to the differences noted between the two 

models. Some of the differences observed could also be due to an increase in power in the 

imputed data model. 
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Discussion  

 In this large nationally representative sample of adults with hypertension, we find 

numerous sociodemographic and health characteristics are significantly associated with 

habitual sleep duration. Among US adults with hypertension, help-seeking for sleeping 

difficulty, defined in the present study as a history of telling a doctor or other health 

professional that one had trouble sleeping, was independently associated with short sleep 

duration. Previous research has also noted significant associations between self-reported 

difficulties initiating or maintaining sleep and short sleep duration [124]. These findings have 

important implications because short sleep duration and other sleep problems, such as 

insomnia synergistically increase the risk for adverse cardiovascular outcomes [184, 221].  

The significant correlation of help-seeking for sleeping difficulty with short sleep duration 

among those with hypertension provides a point of intervention for health care teams to 

comprehensively assess and support all aspects of sleep health, including habitual sleep 

duration, in patients who report sleep problems.  

Findings from studies with other populations showed no differences by gender in 

habitual sleep duration [110, 114]. In contrast, we found that women with hypertension were 

less likely to be short sleepers and more likely to be long sleepers than men with 

hypertension. The inconsistency may be partly due to the different approaches used in 

measuring sleep duration. The two studies defined sleep duration based on the amount of 

sleep obtained in a day [110] or 24 hours [114], increasing the likelihood that napping time 

was captured. In contrast, our study measured the amount of sleep obtained in the main sleep 

period. Studies have reported a higher frequency of napping among men [222, 223]. The 

differences in napping may account for sex differences in sleep duration when the assessment 

is limited to the amount of sleep obtained during the main sleep period. 
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The relationship between chronic disease and sleep duration varies across studies. 

Consistent with other studies [224, 225], we found that CKD was associated with long sleep 

duration but not short sleep duration. Other previous research findings found that both short 

(<6 hours/night) and long sleep duration (>8 hours/night) were positively associated with 

incident CKD with the strongest association occurring in those who habitually slept <4 hours 

per night [47]. The increased risk of CKD in short sleepers may be due to the increased 

sympathetic nervous system activity and inflammation that occurs with sleep loss [226]. On 

the other hand, there is minimal evidence of a pathway through which long sleep duration can 

cause disease. In those with chronic disease, the long sleep duration may be due to ill health 

or the underlying pathophysiological mechanisms of the specific condition, such as increased 

inflammation [37, 59]. The inflammatory processes can cause excessive fatigue and 

sleepiness [59, 131] and contribute to more time spent in bed.  

Similar to our findings in adults with hypertension,  many previous studies in the 

general population have found no association between habitual sleep duration and COPD, 

heart disease, diabetes [121, 227], stroke  [121, 227], or arthritis [114, 121]. However, other 

studies found that short sleep duration was significantly associated with COPD [114], heart 

disease [110, 114], and arthritis [227], while stroke was associated with long sleep duration 

[228].  The inconsistencies across studies may be partly related to differences in baseline 

characteristics of study participants, the varied ways in which sleep duration is measured and 

analyzed, differences in the proportion of those with comorbidities, and other factors 

controlled in the studies.  

 Consistent with prior findings across different adult populations, including older 

adults and those attending outpatient care settings [121, 124, 229, 230], we found that 

moderate to severe depressive symptoms were associated with long sleep duration. Other 

findings have also shown a correlation between sleeping less than 6 hours and risk for 
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depression [230] which may point to a dose-response relationship between short sleep and 

depression. Overall, the literature points to a bidirectional relationship between sleep duration 

and mental health indicators, including depressive symptoms. Circadian rhythm disruptions 

and insomnia are common in depression and can contribute to short sleep [231]. Sleep loss 

has also been linked to impairment in emotional regulation and decreased positive and 

increased negative emotions, which can trigger and worsen depressive symptoms [232, 233]. 

Depression has also been linked to elevated levels of pro-inflammatory markers [234, 235], 

whose effects include excessive fatigue and sleepiness [131, 235, 236]. Hypertension is also 

associated with increased inflammation [237, 238].  Therefore, having both hypertension and 

depression may worsen the effects of inflammation in the body.  

The relationship between sleep duration and other health-related behaviors has been 

examined in many studies. Consistent with prior studies, we found no significant relationship 

between alcohol intake and habitual sleep duration [114, 121].  Other previous findings have 

shown heavy alcohol intake to be associated with sleep continuity disturbances but not sleep 

duration [239]. Alcohol intake near bedtime can affect sleep quality because it disrupts the 

normal sleep architecture [240]. Consistent with previous studies, we found no association 

between cigarette smoking and habitual sleep duration [114, 121].  

Research findings on the relationship between physical activity and sleep duration are 

mixed. Similar to a prior study in older adults [114],  we noted no associations between 

physical activity and sleep duration in adults with hypertension. Other findings suggest that 

being physically active is associated with reduced odds of having a long sleep duration [110, 

117]. The negative association between physical activity and long sleep duration may be 

related to other confounding factors, such as health conditions, not controlled for in studies. 

Findings from experimental studies suggest that physical activity substantially improves other 

sleep parameters such as sleep regularity and sleep quality but only has modest effects on 
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total sleep time [123, 241]. On the other hand, adequate sleep can enhance the ability to 

remain physically active because it improves mental and physical performance [136]. 

We noted that individuals working ≥45 hours per week were more likely to be short 

sleepers, while those working <35 hours per week or not working were more likely to be long 

sleepers when compared to individuals working 35 – 44 hours per week. Previous studies 

also have found significant associations between longer work hours and short sleep duration 

[160, 242]. Findings from the American Time Use Survey showed that the main activity 

exchanged for sleep is paid work [161], and other results show that a reduction in work hours 

leads to a significant increase in sleep duration [242]. In the present study, those in retirement 

also had a slight but significant increase in odds of being a short sleeper than those working 

35 – 44 hours/week. These findings on retirement and sleep duration may be partly explained 

by how sleep duration was quantified in our study. The present study only considered sleep 

obtained during the main sleep period. Studies have found that individuals who have 

transitioned from work to retirement tend to nap more frequently or for longer durations 

when compared to those who are employed [243, 244].  

Our results on the relationship between race/ethnicity and habitual sleep duration 

among adults with hypertension are partly consistent with previous findings in the general US 

adult population. Consistent with other studies [172-174], we found that non-Hispanic Black 

adults were more likely than non-Hispanic White adults to be short sleepers. However, prior 

studies also reported significantly higher odds for short sleep duration among Hispanic [173] 

and non-Hispanic Asian adults than non-Hispanic White adults [173, 174]. In contrast, our 

study showed that the odds of being a short or long sleeper in Hispanic or non-Hispanic 

Asian adults were not significantly different from that of non-Hispanic White adults. Of note, 

in these studies, the strongest association between race/ethnicity and short sleep duration has 

been observed in non-Hispanic Black adults [173, 174].  
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 Previous studies have also found objectively measured total sleep time of non-

Hispanic Black US adults to be significantly shorter than that of non-Hispanic White, 

Hispanic, and non-Hispanic Asian US adults [172, 173]. These findings on non-Hispanic 

Black race/ethnicity and short sleep duration are noteworthy because hypertension is more 

prevalent among non-Hispanic Black adults than in non-Hispanic White, Hispanic, or non-

Hispanic Asian adults [21]. Previous findings suggest that the racial/ethnic differences in 

sleep duration may be related to differences in stress and perceived racial discrimination 

[118, 245]. Further research is needed to explore further the mechanisms underlying these 

racial/ethnic differences in sleep duration.  

Despite this study being nationally representative, there are limitations to be noted. 

The study was cross-sectional, and consequently, we cannot infer any temporality of the 

relationships between predictors such as chronic health conditions and habitual sleep 

duration. Second, NHANES did not have data on other potential predictors of sleep duration, 

such as inflammatory biomarkers, stress, sleep attitudes, napping, and caregiving [118, 121, 

153, 222, 246]. Third, data for many variables used in this study, including habitual sleep 

duration, chronic health conditions, and health behaviors, were measured using self-reports. 

Even though the collection of self-reported data is more feasible than objective measurements 

in large-scale surveys such as NHANES, it increases the risk for measurement error related to 

factors such as poor recall and social desirability [247]. To reduce measurement error, part of 

the NHANES protocols involved clarifying with participants any extreme high or low self-

reports on various questionnaire items. For example, for sleep duration, NHANES 

interviewers verified with participants sleep duration ≤4 or ≥10 hours.  

Despite the limitations noted, the information gathered on factors associated with 

short and long sleep duration in adults with hypertension provides important contributions to 

the literature on predictors of poor sleep outcomes in this population. Future studies in 
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hypertensive adults should consider using objective measures of sleep duration and other 

health behaviors, such as physical activity, and include other important predictors of sleep 

duration in their analyses.  

Conclusion  

This study used data from a national survey to assess the contribution of 

sociodemographic and health factors related to habitual sleep duration in adults with 

hypertension. In adults with hypertension, the factors positively associated with short sleep 

duration included help-seeking for sleeping difficulty, non-Hispanic Black race/ethnicity, 

working 45 or more hours per week, and being in retirement. These factors provide 

information about hypertensive adults at most risk for poor health outcomes related to 

inadequate sleep’s adverse effects. Such evidence can help develop tailored approaches for 

supporting healthy sleep habits, including adequate habitual duration, in adults with 

hypertension. In addition, future intervention studies aimed at promoting healthy sleep habits 

in groups with high rates of short sleep duration will help identify how sleep impacts health 

outcomes. Also, intervention studies in adults with hypertension are needed to identify 

modifiable factors that improve habitual sleep duration. 

Adults with hypertension more likely to have long sleep duration included those with 

chronic kidney disease or moderate to severe depressive symptoms. Long sleep duration may 

indicate ill health or underlying disease processes that lead to excessive tiredness and 

sleepiness. The inclusion of markers of pathophysiological processes, such as inflammatory 

markers, would provide more insight into the mechanisms underlying disease and sleep 

duration associations in future studies.   
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Table 3.1: Comparison of the distribution of pre-imputation and post-imputation 

data of variables with missing data 

 Pre-imputation  Post-imputation  

Variable  Weighted % (95% CI) Weighted % (95% CI) 

Marital status   

 Married/Living with partner 63.1 (60.4 – 65.8) 63.1 (60.4 – 65.8) 

 Unmarried 36.9 (34.2 – 39.6) 36.9 (34.2 – 39.6) 

Education Level   

 College graduate 26.9 (23.5 – 30.6) 26.9 (23.3 – 30.5) 

 Some college 33.2 (30.8 – 35.7) 33.2 (30.7 – 35.7) 

 High school graduate 26.0 (23.8 – 28.3) 26.0 (23.7 – 28.2) 

 Less than high school 13.9 (12.2 – 15.9) 13.9 (12.1 – 15.8) 

Income to Poverty Ratio category   

 ≥4.00 36.6 (32.7 – 40.6) 35.6 (31.7 – 39.4) 

 2.00 - 3.99 29.8 (27.6 – 32.1) 29.7 (27.5 – 31.9) 

 1.00 - 1.99 21.1 (19.1 – 23.3) 21.7 (19.6 – 23.8) 

 <1.00 12.5 (10.5 – 14.7) 13.1 (11.0 – 15.2) 

Has health insurance   

 Yes 89.8 (87.3 – 91.9) 89.8 (87.5 – 92.1) 

 No 10.2 (8.1 – 12.7) 10.2 (7.9– 12.5) 

Depressive symptoms severity   

 Minimal or none 74.7 (72.8 – 76.4) 74.7 (72.9 – 76.5) 

 Mild  16.5 (15.1 – 18.1) 16.5 (15.0 – 18.1) 

 Moderate  5.8 (5.0 – 6.7) 5.8 (4.9 – 6.6) 

 Moderately severe to severe 3.0 (2.4 – 3.8) 3.0 (2.4 – 3.7) 

BMI (kg/m2)   

 <25 18.1 (16.3 – 20.1) 18.1 (16.3 – 20.0) 

 25 - <30 30.5 (28.7 – 32.5) 30.5 (28.6 – 32.4) 

 30 - <35 25.7 (24.0 – 27.5) 25.7 (24.0 – 27.5) 

 35 - <40 13.8 (12.3 – 15.5) 13.8 (12.2 – 15.4) 

 ≥40 11.8 (10.3– 13.4) 11.8 (10.3 – 13.3) 

Cigarette smoking   

 Never smoker  52.8 (50.5 – 55.1) 52.8 (50.5 – 55.1) 

 Current smoker  17.2 (15.5 – 18.9) 17.2 (15.5 – 18.8) 

 Former smoker  30.1 (28.0 – 32.2) 30.1 (28.0 – 32.2) 

Alcohol intake    

 None  29.4 (27.2 – 31.6) 29.6 (27.5 – 31.8) 

 Moderate   38.6 (35.9 – 41.4) 38.4 (35.7 – 41.0) 

 Heavy  32.0 (30.0 – 34.1) 32.0 (30.0 – 34.0) 

Abbreviations: CI, confidence interval; BMI, body mass index  
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Table 3.2: Individual-level characteristics by sleep duration from NHANES (2015-2018) 

sample of US adults with hypertension  

  Sleep duration   

Characteristics  Overall Short Adequate  Long  P-value 

Total, n (%)  5,660 (100%) 1,444 (23.6) 3,495 (65.7) 721 (10.7)  

Sex, %      

< 0.001  Male,  2927 (52.1) 60.0 51.3 39.7 

 Female 2733 (47.9) 40.0 48.7 60.3 

Age, mean years (SE) 56.1 (0.4) 53.7 (0.5) 56.2 (0.5) 60.4 (0.8)  

Age category, %     <0.001 

 18-44 1159 (23.8) 26.3 23.6 18.9 

 45-64 2356 (43.7) 51.8 42.5 33.3 

 65 and above 2145 (32.5) 21.9 33.9 47.8 

Comorbidities, %      

 Heart disease 763 (11.4) 12.3 10.4 15.5 0.073 

 Stroke  361 (5.1) 4.5 4.6 9.6 < 0.001 

 COPD or asthma 847 (14.4) 15.3 13.1 20.1 0.006 

 Arthritis  2365 (41.8) 40.6 40.7 50.9 0.005 

 Diabetes mellitus  1547 (22.1) 22.8 20.6 30.1 0.015 

 Chronic kidney disease 745 (11.2) 9.5 10.4 20.1 < 0.001 

Depressive symptoms, %      

 

< 0.001 

 Minimal or none 3933 (74.7) 71.7 77.7 62.4 

 Mild  890 (16.5) 16.9 15.4 22.6 

 Moderate  296 (5.8) 7.5 4.7 8.7 

 Moderately severe to severe 184 (3.0) 3.9 2.2 6.3 

Help-seeking for sleeping 

difficulty, % 

1859 (37.2) 41.0 35.5 39.8 0.066 

BMI category, %      

 

0.439 

 <25 1109 (18.1) 17.2 18.1 20.2 

 25 - <30 1755 (30.5) 29.2 31.0 30.7 

 30 - <35 1349 (25.7) 25.0 25.9 26.6 

 35 - <40 737 (13.8) 14.5 14.1 10.9 

 ≥40 620 (11.8) 14.1 10.9 11.7 

Smoking status, %      

< 0.001  Never smoker  3066 (52.8) 50.6 54.2 48.9 

 Current smoker  1005 (17.2) 22.1 14.7 21.3 

 Former smoker  1583 (30.0) 27.3 31.1 29.8 

Alcohol intake, %       

0.001  None  1973 (29.4) 29.8 27.6 39.2 

 Moderate  1827 (38.6) 35.8 40.4 34.4 

 Heavy  1457 (32.0) 34.4 32.0 26.4 

Physical activity level, %      

< 0.001  Sufficient 642 (11.7) 10.3 12.4 10.6 

 None 1770 (26.2) 26.0 24.3 38.6 

 Low 803 (13.7) 10.6 15.0 12.8 

 High  2445 (48.3)  53.1 48.3 38.0 

Data are expressed as an unweighted number of participants and weighted percentages and means.  

Abbreviations: SE, standard error; COPD, chronic obstructive pulmonary disease; BMI, body mass index  
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Table 3.3: Social-level characteristics by sleep duration from NHANES (2015-

2018) sample of US adults with hypertension  

  Sleep duration   

Characteristics Overall Short Adequate Long P-value 

Total, n (%)  5,660 (100%) 1,444 (23.6) 3,495 (65.7) 721 (10.7)  

Race/Ethnicity, %      

 

< 0.001 

 Non-Hispanic White 1905 (64.1) 56.4 66.9 63.6 

 Non-Hispanic Black 1474 (13.3) 19.4 10.9 14.4 

 Hispanic 1381 (12.9) 13.9 12.4 13.8 

 Non-Hispanic Asian 652 (5.4) 5.3 5.6 4.7 

 Other 248 (4.3) 5.0 4.2 3.5 

Marital status, %      

0.005  Married/Living with partner 3301 (63.1) 61.7 65.1 54.3 

 Unmarried 2320 (36.9) 38.3 34.9 45.7 

Nativity status, %       

0.211  US-born 3964 (83.2) 81.6 83.3 85.4 

 Not US-born 1696 (16.8) 18.4 16.7 14.6 

Education Level, %     < 0.001 

 College graduate 1215 (26.9) 23.4 29.6 18.3 

 Some college 1732 (33.2) 36.2 33.5 24.6 

 High school graduate 1354 (26.0) 26.1 24.7 33.5 

 Less than high school 1350 (13.9) 14.3 12.2 23.6 

Income to poverty ratio, %     < 0.001 

 ≥4.00 1165 (36.6) 32.9 40.2 22.3 

 2.00 - 3.99 1373 (29.8) 33.7 29.0 26.5 

 1.00 - 1.99 1447 (21.1) 20.2 20.2 28.8 

 <1.00 986 (12.5) 13.2 10.6 22.4 

Employment Status, %       

 

 

 

< 0.001 

 Works 35–44 hours/week 1184 (23.8) 23.3 26.2 10.3 

 Works <35 hours/week 670 (12.1) 9.9 13.3 9.2 

 Works ≥45 hours/week 815 (18.5) 28.3 17.4 3.9 

 Not working – health reasons 743 (10.3)  11.1 8.1 22.4 

 Not working - retired 1623 (26.5) 20.5 26.5 39.7 

 Not working – other reasons 625 (8.8) 6.9 8.5 14.5 

Has health insurance, %      

0.003  Yes 4965 (89.8) 86.3 91.1 89.6 

 No 685 (10.2) 13.7 8.9 10.4 
 Data are expressed as an unweighted number of participants and weighted percentages.  
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 Table 3.4: Multinomial logistic regression - factors associated with habitual sleep duration in US adults with hypertension 

 Short (vs. adequate) sleep duration Long (vs. adequate) sleep duration 

 Crude RRR (95%CI) a P  RRR  (95% CI) b P Crude RRR (95%CI) a P RRR (95% CI) b P 

Individual-level factors  

Age         

 18-44 REF   REF   REF   REF   

 45 - 64 1.09 (0.86-1.39) 0.45 1.20 (0.96, 1.51) 0.11 0.98 (0.68-1.41) 0.90 0.72 (0.46-1.13) 0.15 

 ≥65  0.58 (0.47-0.72) <0.001 0.63 (0.45-0.91) 0.01 1.76 (1.31-2.36) <0.001 0.74 (0.50-1.09) 0.12 

Female (vs. Male) 0.70 (0.58-0.85) 0.001 0.70 (0.56, 0.88) 0.003 1.60 (1.26-2.03) <0.001 1.24 (1.001-1.54) 0.049 

Comorbidities         

 Heart disease (vs. no heart 

disease) 

1.20 (0.82-1.76) 0.33 1.20 (0.80-1.78) 0.36 1.57 (1.15-2.17) 0.01 0.88 (0.59-1.30) 0.50 

 Stroke (vs. no stroke) 0.97 (0.64-1.48) 0.89 0.79 (0.54-1.16) 0.21 2.18 (1.56-3.04) <0.001 1.09 (0.78-1.54) 0.60 

 COPD or asthma (vs. no COPD 

or asthma) 

1.19 (0.90-1.58) 0.20 1.10 (0.83-1.47) 0.49 1.67 (1.23-2.26) 0.002 0.98 (0.72-1.35) 0.91 

 Arthritis (vs. no arthritis) 0.99 (0.83-1.19)  0.96 1.06 (0.89-1.26) 0.52 1.51 (1.17-1.95) 0.002 0.93 (0.71-1.21) 0.60 

 Diabetes mellitus (vs. no 

diabetes mellitus) 

1.14 (0.84-1.52) 0.36 1.08 (0.83-1.40) 0.55 1.66 (1.22-2.25) 0.002 1.37 (1.00-1.88) 0.05 

 CKD (vs. no CKD) 0.90 (0.68-1.21) 0.49 1.18 (0.86-1.61) 0.31 2.18 (1.70-2.79) <0.001 1.48 (1.14-1.92) 0.01 

Depressive symptoms         

 Minimal or none REF   REF   REF   REF   

 Mild  1.21 (0.94-1.56) 0.13 1.12 (0.88-1.44) 0.34 1.83 (1.32-2.53) 0.001 1.35 (0.95-1.93) 0.09 

 Moderate  1.73 (1.08-2.77) 0.03 1.61 (0.99-2.61) 0.05 2.32 (1.63-3.30) <0.001 1.62 (1.08-2.44) 0.02 

 Moderately severe to severe 1.91 (1.13-3.23) 0.02 1.66 (0.88-3.14) 0.11 3.62 (2.07-6.34) <0.001 1.89 (1.05-3.43) 0.04 

Help-seeking for sleeping 

difficulty 

1.26 (1.02-1.56) 0.03 1.25 (1.02-1.53) 0.03 1.20 (0.91-1.59) 0.18 0.84 (0.61-1.16) 0.28 

Body mass index (BMI)          

 <25 REF   REF   REF   REF   

 25 - <30 0.99 (0.71-1.38) 0.94 0.98 (0.70-1.37) 0.88 0.89 (0.65-1.21) 0.44 1.00 (0.72-1.39) 0.99 

 30 - <35 1.01 (0.70-1.46) 0.95 0.93 (0.65-1.34) 0.70 0.92 (0.61-1.39) 0.68 1.06 (0.69-1.62) 0.78 

 35 - <40 1.08 (0.75-1.55) 0.67 1.02 (0.70-1.48) 0.93 0.71 (0.44-1.12) 0.14 0.71 (0.42-1.22) 0.21 

 ≥40 1.34 (0.99-1.83) 0.06 1.19 (0.85-1.66) 0.30 0.96 (0.63-1.46) 0.83 0.91 (0.56-1.45) 0.67 

Alcohol intake          

 None  REF   REF   REF   REF   

 Moderate   0.83 (0.66-1.05) 0.11 0.84 (0.67-1.05) 0.11 0.60 (0.47-0.78) <0.001 0.99 (0.76-1.30) 0.96 

 Heavy  1.00 (0.77-1.30) 0.99 0.89 (0.68-1.17) 0.38 0.58 (0.43-0.78) 0.001 0.91 (0.64-1.31) 0.61 

Cigarette smoking         

 Never smoker  REF   REF   REF   REF   

 Current smoker  1.61 (1.24-2.08) 0.001 1.25 (0.93-1.68) 0.14 1.60 (1.13-2.29) 0.01 1.16 (0.82-1.63) 0.39 

 Former smoker  0.94 (0.76-1.16) 0.55 0.88 (0.72-1.07) 0.19 1.06 (0.79-1.42) 0.67 0.96 (0.72-1.29) 0.78 

Physical activity level         
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 Sufficient REF   REF   REF   REF   

 None  1.28 (0.96-1.70) 0.09 1.18 (0.89-1.57) 0.23 1.85 (1.27-2.70) 0.002 1.39 (0.90-2.13) 0.13 

 Low  0.85 (0.60-1.20) 0.33 0.82 (0.59-1.15) 0.25 1.00 (0.66-1.50) 0.99 0.91 (0.59-1.40) 0.65 

 High 1.32 (0.98-1.77) 0.07 1.14 (0.85-1.54) 0.37 0.92 (0.57-1.46) 0.71 1.05 (0.65-1.71) 0.84 

Social-level factors 

Race/Ethnicity          

 Non-Hispanic White REF   REF  REF   REF   

 Non-Hispanic Black 2.11 (1.70-2.61) <0.001 2.05 (1.59-2.63) <0.001 1.38 (0.99-1.92) 0.05 1.13 (0.81-1.57) 0.47 

 Hispanic 1.33 (1.06-1.67) 0.02 1.16 (0.82-1.64) 0.39 1.17 (0.89-1.52) 0.24 1.08 (0.80-1.46) 0.62 

 Non-Hispanic Asian 1.13 (0.87-1.46) 0.34 1.16 (0.74-1.81) 0.51 0.89 (0.65-1.21) 0.44 1.12 (0.68-1.84) 0.65 

 Other 1.42 (0.97-2.09) 0.07 1.24 (0.79-1.95) 0.34 0.89 (0.51-1.56) 0.68 0.78 (0.48-1.28) 0.31 

Marital status          

 Married/Living with  partner REF  REF  REF  REF  

 Unmarried  1.16 (0.95-1.42) 0.15 1.14 (0.95- 1.37) 0.14 1.56 (1.20-2.04) 0.002 1.06 (0.78-1.45) 0.71 

Nativity          

 US-born REF  REF  REF  REF  

 Not US-born  1.12 (0.90-1.40) 0.28 1.16 (0.83-1.63) 0.37 0.86 (0.65-1.12) 0.24 0.71 (0.47-1.07) 0.10 

Education Level         

 College graduate REF  REF   REF  REF  

 Some college 1.36 (1.01-1.84) 0.04 1.44 (0.92-1.68) 0.15 1.19 (0.69-2.05) 0.34 0.85 (0.51-1.43) 0.53 

 High school graduate 1.33 (0.98-1.81) 0.07 1.17 (0.85-1.60) 0.32 2.20 (1.24-3.88) 0.01 1.42 (0.86-2.34) 0.17 

 Less than high school 1.47 (1.10-1.97) 0.01 1.21 (0.88-1.67) 0.24 3.14 (1.76-5.63) <0.001 1.59 (0.88-2.89) 0.12 

Income to poverty ratio         

 ≥4.00 REF  REF  REF  REF  

 2.00 - 3.99 1.38 (1.07-1.79) 0.02 1.21 (0.95-1.56) 0.12 1.64 (0.99-2.73) 0.06 1.20 (0.74-1.95) 0.45 

 1.00 - 1.99 1.20 (0.92-1.55) 0.17 0.94 (0.69-1.28) 0.70 2.53 (1.52-4.19) 0.001 1.28 (0.77-2.14) 0.33 

 <1.00 1.47 (1.09-1.97) 0.01 0.97 (0.67-1.39) 0.85 3.70 (2.11-6.46) <0.001 1.45 (0.82-2.58) 0.19 

Has health insurance         

 Yes REF  REF  REF  REF  

 No 1.64 (1.24-2.17) 0.001 1.30 (0.97-1.75) 0.08 1.19 (0.80-1.76) 0.37 1.09 (0.75-1.59) 0.65 

Employment Status          

 Works 35–44 hours/week REF  REF   REF  REF  

 Works <35 hours/week 0.84 (0.58-1.20) 0.32 0.88 (0.61-1.28) 0.50 1.77 (1.15-2.73) 0.01 1.71 (1.07-2.73) 0.03 

 Works ≥45 hours/week 1.83 (1.34-2.51) 0.001 1.81 (1.32-2.48) 0.001 0.58 (0.28-1.19) 0.13 0.66 (0.34-1.29) 0.21 

 Not working – Health reasons 1.55 (1.10-2.18) 0.02 1.12 (0.77-1.63) 0.53 7.09 (4.62-10.9) <0.001 4.87 (2.89-8.22) <0.001 

 Not working - Retired 0.87 (0.69-1.09) 0.21 1.41 (1.01-1.98)  0.04 3.82 (2.42-6.04) <0.001 3.46 (2.18-5.49) <0.001 

 Not working - Other reason 0.91 (0.70-1.19) 0.48 0.85 (0.65-1.12) 0.23 4.33 (2.66-7.05) <0.001 3.29 (1.84-5.88) <0.001 
a Unadjusted model 
b Adjusted model – each covariate adjusted for all other variables in the table  

Abbreviations: RRR, relative risk ratio; P, p-value COPD, chronic obstructive pulmonary disease 
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Table 3.5: Comparison of results on factors associated with short and long sleep duration – complete 

case analysis and post-imputation  

 Short (vs adequate) sleep duration  Long (vs adequate) sleep duration  

 Pre-imputation  Post-imputation  Pre-imputation  Post-imputation  

Variable aRRR (95% CI) aRRR (95% CI) aRRR (95% CI) aRRR (95% CI) 

Age     

 18-44 REF  REF  REF  REF  

 45 - 64 1.18 (0.89, 1.56) 1.20 (0.96, 1.51) 0.75 (0.44 1.28) 0.72 (0.46-1.13) 

 65 and above 0.63 (0.42, 0.94)* 0.63 (0.45-0.91)* 0.67 (0.43, 1.04) 0.74 (0.50-1.09) 

Female 0.65 (0.50 0.84)** 0.70 (0.56, 0.88)** 1.35 (1.04, 1.74)* 1.24 (1.001-1.54)* 

Marital status     

 Married/Living with 

partner 

REF  REF  REF  REF  

 Unmarried 1.17 (0.95, 1.43) 1.14 (0.95, 1.37) 1.13 (0.79, 1.62) 1.06 (0.78-1.45) 

Race/Ethnicity      

 Non-Hispanic White REF  REF  REF  REF  

 Non-Hispanic Black 2.18 (1.68, 2.82)*** 2.08 (1.61, 2.67)*** 1.03 (0.71, 1.48) 1.13 (0.81-1.57) 

 Hispanic 1.10 (0.78, 1.55) 1.17 (0.82, 1.68) 0.90 (0.62, 1.30) 1.08 (0.80-1.46) 

 Non-Hispanic Asian 1.34 (0.89, 2.02) 1.23 (0.79, 1.91) 1.03 (0.56, 1.89) 1.12 (0.68-1.84) 

 Other 1.01 (0.64, 1.62) 1.22 (0.76, 1.96) 0.60 (0.33, 1.10) 0.78 (0.48-1.28) 

Country of Birth      

 US-born REF  REF REF  REF 

 Not US-born 1.01 (0.71, 1.44 1.16 (0.83-1.63) 0.76 (0.44, 1.32) 0.71 (0.47-1.07) 

Education Level     

 College graduate REF  REF  REF  REF  

 Some college 1.28 (0.95, 1.72) 1.44 (0.92-1.68) 0.75 (0.44, 1.30) 0.85 (0.51-1.43) 

 High school graduate 1.28 (0.94, 1.75) 1.17 (0.85-1.60) 1.37 (0.74, 2.51) 1.42 (0.86-2.34) 

 Less than high school 1.38 (0.97, 1.95) 1.21 (0.88-1.67) 1.70 (0.87, 3.32) 1.59 (0.88-2.89) 

Income to Poverty Ratio     

 ≥4.00 REF REF  REF  REF  

 2.00 - 3.99 1.23 (0.96, 1.56) 1.21 (0.95-1.56) 1.26 (0.74, 2.13) 1.20 (0.74-1.95) 

 1.00 - 1.99 0.91 (0.65, 1.27) 0.94 (0.69-1.28) 1.40 (0.77, 2.51) 1.28 (0.77-2.14) 

 <1.00 0.96 (0.65, 1.42) 0.97 (0.67-1.39) 1.60 (0.86, 2.98) 1.45 (0.82-2.58) 

Employment Status      

 Works 35 – 44 

hours/week 

REF  REF  REF  REF  

 Works <35 hours/week 0.85 (0.52, 1.38) 0.88 (0.61-1.28) 1.83 (1.09, 3.07)* 1.71 (1.07-2.73)* 

 Works ≥45 hours/week 1.86 (1.25, 2.77)** 1.81 (1.32-2.48)** 0.67 (0.33, 1.35) 0.66 (0.34-1.29) 

 Not working – health 

reasons 

1.18 (0.74, 1.90) 1.12 (0.77-1.63) 4.62 (2.72, 7.85)*** 4.87 (2.89-8.22)*** 

 Not working - retired 1.39 (0.94, 2.06) 1.41 (1.01-1.98) * 3.58 (2.18, 5.88)*** 3.46 (2.18-5.49)*** 

 Not working – other 

reasons 

0.86 (0.58, 1.26) 0.85 (0.65-1.12) 3.30 (1.73, 6.29)** 3.29 (1.84-5.88)*** 
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No health insurance 1.29 (0.95, 1.76) 1.30 (0.97-1.75) 1.06 (0.73, 1.55) 1.09 (0.75-1.59 

Comorbidities     

 Heart disease 1.32 (0.91, 1.93) 1.20 (0.80-1.78) 1.01 (0.66, 1.53) 0.88 (0.59-1.30) 

 Stroke  0.84 (0.58, 1.21) 0.79 (0.54-1.16) 0.90 (0.58, 1.40) 1.09 (0.78-1.54) 

 COPD or current 

asthma 

1.11 (0.81, 1.53) 1.10 (0.83-1.47) 1.01 (0.74, 1.39) 0.98 (0.72-1.35) 

 Arthritis  0.98 (0.79 1.23) 1.06 (0.89-1.26) 0.86 (0.64, 1.17) 0.93 (0.71-1.21) 

 Diabetes mellitus  1.12 (0.84, 1.50) 1.08 (0.83-1.40) 1.44 (0.99, 2.09) 1.37 (0.99-1.88) 

 Chronic kidney disease 1.29 (0.90 1.85) 1.18 (0.86-1.61) 1.44 (1.09, 1.92)* 1.48 (1.14-1.92)* 

Depressive symptoms     

 Minimal or none REF  REF  REF  REF  

 Mild  1.08 (0.83, 1.41) 1.12 (0.88-1.44) 1.32 (0.91, 1.91) 1.35 (0.95-1.93) 

 Moderate  1.87 (1.23, 2.85)** 1.61 (0.99-2.61) 1.52 (0.98, 2.37) 1.62 (1.08-2.44) * 

 Moderately severe to 

severe 

1.87 (0.91, 3.85) 1.66 (0.88-3.14) 1.78 (0.84, 3.76) 1.89 (1.05-3.43) * 

Help-seeking for sleeping 

difficulty   

1.20 (0.97, 1.50) 1.25 (1.02-1.53)* 0.83 (0.58, 1.20) 0.84 (0.61-1.16) 

BMI category     

 <25 REF  REF  REF  REF  

 25 - <30 1.24 (0.87, 1.76) 0.98 (0.70-1.37) 1.12 (0.74, 1.71) 1.00 (0.72-1.39) 

 30 - <35 1.07 (0.76, 1.50) 0.93 (0.65-1.34) 1.08 (0.64, 1.82) 1.06 (0.69-1.62) 

 35 - <40 1.16 (0.80, 1.68) 1.02 (0.70-1.48) 0.71 (0.38, 1.34) 0.71 (0.42-1.22) 

 ≥40 1.34 (0.95, 1.88) 1.19 (0.85-1.66) 0.93 (0.53, 1.63) 0.91 (0.56-1.45) 

Alcohol intake      

 None  REF REF  REF  REF  

 Moderate   0.83 (0.65, 1.06) 0.84 (0.67-1.05) 1.02 (0.74, 1.40) 0.99 (0.76-1.30) 

 Heavy  0.91 (0.67, 1.23) 0.89 (0.68-1.17) 0.94 (0.64, 1.38) 0.91 (0.64-1.31) 

Cigarette smoking     

 Never smoker  REF  REF  REF  REF  

 Current smoker  1.19 (0.86, 1.65) 1.25 (0.93-1.68) 1.26 (0.82, 1.92) 1.16 (0.82-1.63) 

 Former smoker  0.85 (0.68, 1.08) 0.88 (0.72-1.07) 1.05 (0.79, 1.39) 0.96 (0.72-1.29) 

Physical activity level     

 Sufficient REF REF  REF  REF  

 None  1.10 (0.83, 1.45) 1.18 (0.89-1.57) 1.16 (0.71, 1.90) 1.39 (0.90-2.13) 

 Low  0.78 (0.55, 1.10) 0.82 (0.59-1.15) 0.76 (0.49, 1.18) 0.91 (0.59-1.40) 

 High 1.06 (0.76, 1.48) 1.14 (0.85-1.54) 1.01 (0.61, 1.67) 1.05 (0.65-1.71) 

All covariates adjusted for all other covariates in the model 

Complete case analysis, n=4,520. Multiple imputation: n=5660 

* P value < 0.05; ** P value < 0.01; ***P value < 0.001 

Abbreviations: aRRR, adjusted relative risk ratio; CI, confidence interval; COPD, chronic obstructive pulmonary disease; 

BMI, body mass index  

 



 

70 

 

Chapter 4. Paper Two: The Association Between Habitual Sleep Duration and 

Hypertension Control in US Adults with Hypertension  

Abstract  

Background: Although sleep duration has been identified as a significant factor in risk for 

hypertension, there is limited data on relationships between habitual sleep duration and 

hypertension control. We examined relationships between habitual sleep duration and 

hypertension control in the United States (US) adults with hypertension.  

Methods: We used data from the 2015-2018 National Health and Nutrition Examination Survey 

for US adults who met the hypertension criteria (systolic blood pressure (BP) ≥130 mmHg or 

diastolic BP ≥80 mmHg, or current intake of BP-lowering medications; n=5,163). Survey-

weighted multivariable logistic regression models were fit to examine the association between 

habitual sleep duration (coded as <6, 6 - <7, 7 - 9 (reference), and >9 hours) and hypertension 

control (BP <130/80mmHg versus ≥130/80mmHg), adjusted for sociodemographic sleep and 

health characteristics. Additional analyses tested effect modification of the relationships between 

habitual sleep duration and hypertension control by age or gender. 

Results: In the fully adjusted model, habitual sleep duration of <6 hours/main sleep period was 

associated with reduced odds of hypertension control (OR = 0.66, 95% CI: 0.46 – 0.95, P = 

0.027) when compared to 7 – 9 hours. No significant differences were noted in hypertension 

control between the reference group (7 - 9 hours) and the  6 - <7 or  >9 hours groups. There were 

no significant differences across age groups or gender in the relationship between habitual sleep 

duration and hypertension control.  
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Conclusion: Sleep duration of <6 hours is associated with reduced odds for hypertension 

control. The significant findings indicate that interventions to promote adequate habitual sleep 

duration may be effective strategies in promoting hypertension control.  

Keywords: hypertension; blood pressure; blood pressure control; hypertension control; self-

reported sleep duration; reported sleep duration; habitual sleep; short sleep duration; NHANES  

Introduction   

A recent report from the National Center for Health Statistics showed that in the 2015 – 

2018 period, 47.3% of the United States (US) adult population, or 116 million adults, had 

hypertension, defined as systolic blood pressure (SBP) ≥130 mmHg or diastolic BP (DBP) ≥80 

mmHg, or current intake of BP-lowering medications [205]. Of those, only 23.9 million (20.6%) 

had achieved hypertension control [205], defined as a BP less than130/80mmHg based on the 

2017 American College of Cardiology and American Heart Association (ACC/AHA) guidelines 

[7]. The Centers for Disease Prevention and Control (CDC) has also identified insufficient sleep 

as a significant public health issue in the US, with over a third of adults sleeping less than 7 

hours per day [70]. The American Academy of Sleep Medicine and Sleep Research Society 

(AASM/SRS) recommends that adults sleep at least 7 hours each day to promote general 

wellbeing and proper function of all body systems, including the systems involved in blood 

pressure regulation [37]. Little is known, however, about the relationship between habitual sleep 

duration and hypertension control.  

Hypertension is a major modifiable risk factor for heart disease and stroke [7], and the 

CDC’s National Vital Statistics Reports show that in 2018, heart disease and stroke were among 

the top 5 causes of death in the US [248]. Hypertension also increases the risk of developing 

many other conditions, including chronic kidney disease, retinopathy, peripheral vascular 
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disease, and abdominal aortic aneurysms [7, 249]. Evidence from randomized clinical trials 

(RCTs) indicates that lowering BP to below 130/80mmHg in adults with hypertension reduces 

the incidence of cardiovascular disease (CVD) and premature death [30, 250, 251]. In one meta-

analysis of RCTs, a 10mmHg reduction in SBP lowered the risk for coronary artery disease 

(CAD) by 17%, heart failure by 28%, stroke by 27%, and all-cause mortality rate by 13% [30].  

The 2017 ACC/AHA guidelines on non-pharmacological interventions for prevention 

and management of hypertension focus on well-known modifiable risk factors for hypertension 

such as obesity, unhealthy diet, and excessive alcohol intake [7-9]. However, several population-

based cross-sectional and longitudinal studies have also found a link between short sleep 

duration (<7 hours/day) and the risk of hypertension [12, 14-17, 65, 200]. These findings are 

supported by experimental studies in normotensive and hypertensive adults, demonstrating that 

restricting sleep leads to significant increases in BP [185, 252-254]. A few studies have also 

found that the strength of the relationship between short sleep and hypertension risk decreases 

with age [15, 17, 128] and is stronger in women than men [17, 64].  

The growing evidence showing that sleep duration is a significant predictor of 

hypertension risk points to the need to examine the potential role of sleep duration in preventing, 

managing, and controlling hypertension. However, only a few studies have examined the 

relationship between sleep duration and BP outcomes in adults with hypertension. One 

experimental study in hypertensive adults demonstrated significant increases in BP when sleep 

was restricted to less than 5 hours in a day [252]. Other findings from a recent cross-sectional 

study in hypertensive individuals aged 15 years and older showed a positive correlation between 

self-reported long sleep duration (≥10 hours/day) and SBP [74]. Further research is needed to 

explore if any differences noted in BP across various sleep duration categories translate to 
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differences in hypertension control. The present study used data from a nationally representative 

dataset to examine the association between habitual sleep duration and hypertension control in 

US adults with hypertension. Given that previous studies have found age and gender differences 

in the association between sleep duration and hypertension risk [15, 17, 197], we also examined 

whether the relationship between sleep duration and hypertension control was modified by age or 

gender.  

Methods 

Study population  

This cross-sectional study used data collected in the 2015-2016 and 2017-2018 cycles of 

the National Health and Nutrition Examination Survey (NHANES) for US adults aged 18 and 

older. NHANES employs complex multistage sampling procedures to sample the civilian, 

noninstitutionalized US population. Since 1999, a nationally representative sample is surveyed 

each year, and data is released every two years. The NHANES participants were first interviewed 

at home and then invited to participate in examinations at a designated mobile examination 

center (MEC) [207]. In the present study, we used data for participants who completed both the 

interview and MEC data collection. The NHANES protocol was approved by the National 

Center for Health Statistics Ethics Review Board. The current study was deemed exempt from 

further review by the University of California Davis Institutional Review Board. All NHANES 

data used in this study is de-identified and publicly accessible at 

https://wwwn.cdc.gov/nchs/nhanes/. 

Of the 19,225 adults (18 years and above) in the 2015-2018 NHANES [208], 11,268 also 

had MEC data. Of the 11,268, the total number of those who met any of the following criteria for 

hypertension: current use of antihypertensive medications in those with history of hypertension 

https://wwwn.cdc.gov/nchs/nhanes/
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(n=3,706),  average systolic BP ≥130mmHg (n=3,744) or diastolic BP ≥80mmHg (n=2,323) 

was 5,712. This definition of hypertension is consistent with the 2017 ACC/AHA guidelines [7] 

and previous studies that used NHANES data to study hypertension control [72, 75]. We 

excluded participants who were pregnant (by self-report or positive urine pregnancy test; n=7), 

missing sleep duration data (n=45), or missing BP data (n=106). To minimize the potential for 

unmeasured confounding [255], we excluded those with more severe medical conditions: 

congestive heart failure (n=318) and severe chronic kidney disease (n=102), defined as a self-

reported history of undergoing dialysis in the previous 12 months or an estimated glomerular 

filtration rate <30 mL/min/1.73 m2) [256]. The final study sample was 5,163 (Figure 4.1). 
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Figure 4.1: Flow diagram for inclusion and exclusion criteria used in NHANES sample for the 

relationship between sleep duration and hypertension control study 

Outcome  

BP measurements were obtained at the MECs by physicians trained and certified as BP 

examiners. A standardized protocol was used in obtaining three BP readings taken one minute 

apart after the participant had rested for 5 minutes [209]. Hypertension control was defined as 

average SBP <130mmHg and DBP <80mmHg based on the 2017 ACC/AHA guidelines [7]. 

Definition of the main exposure 

The NHANES calculated the amount of sleep usually obtained in a night or main sleep 

period on weekdays or workdays from two survey questions: “What time do you usually fall 

asleep on weekdays or workdays?” and, “What time do you usually wake up on weekdays or 

workdays?” The respondents reported the sleep duration in  30-minutes increments. In the 

present study, self-reported habitual sleep duration was categorized into <6, 6 – <7, 7 – 9 

(reference group), and  >9 hours/night or main sleep period based on past studies [15, 200] and 

the sleep duration recommendations for adults [37, 43].   

Covariates  

Previous studies [13, 15, 17, 78, 132, 200] were used as a guide in identifying covariates 

for the study. The covariates included sociodemographic, sleep, and health characteristics, 

including health behaviors. The sociodemographic factors assessed included:  age (<18 - 39, 40 – 

59, 60 – 79,  ≥80 years), gender (male, female), race/ethnicity (non-Hispanic White, non-

Hispanic Black, Hispanic, Other), nativity (US.-born, not US.-born), education level (less than 

high school, high school graduate, some college, college graduate), employment status (parttime 

less than 35 hours, fulltime 35 – 44 hours, fulltime ≥45 hours, not working), health insurance 
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(insured, uninsured), and annual household income (<$55,000, ≥$55,000). The $55,000 

NHANES income category was chosen as a cut-point for this variable because it was nearest to 

the US median household income from 2015 to 2017 [257].  

 Having sleep apnea symptoms was defined as a self-reported history of; (1) snoring 

three or more times in a week; (2) snorting, gasping, or stopping breathing while sleeping three 

or more times in a week; or (3) being excessively sleepy during the day 16 or more times per 

month despite sleeping for seven or more hours per night [258, 259]. Help-seeking for sleeping 

difficulty was defined as self-reported history of ever telling a doctor or other health care 

professional that one had trouble sleeping.  

The chronic health conditions assessed included CAD, diabetes, moderate CKD. Coronary 

artery disease (CAD) was defined as self-reported history of being told by a doctor or other 

health professional that one had  coronary heart disease, angina, or heart attack. Diabetes was 

defined as having a self-reported history of being told by a doctor or other health care 

professional that one had diabetes or having a blood glycohemoglobin level of ≥6.5%. Moderate 

chronic kidney disease (CKD) was defined as an estimated glomerular filtration rate (eGFR) of 

30 - <60 mL/min/1.73 m2 [256]. The eGFR was computed using the Chronic Kidney Disease 

Epidemiology Collaboration (CKD-EPI) equation [212, 213]. The number of healthcare visits in 

the past 12 months (excluding home visits, consultations done through phone calls, overnight 

hospitalization, and emergency room visits) were grouped into zero, 1 – 2, and >2 visits. Body 

mass index (BMI) was assessed as a continuous variable.  

Cigarette smoking status was categorized as never smoker (never smoked at least 100 

cigarettes in their lifetime), former smoker (smoked at least 100 cigarettes in their lifetime but 

not smoking currently), and current smoker. Physical activity levels were derived from the 
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metabolic equivalent of task (MET) minutes per week of self-reported moderate-intensity and 

vigorous-intensity leisure and work-related activities and transportation (commuting by walking 

or bicycling). The NHANES proposed 4 MET scores/minute for moderate-intensity and 

transportation-related physical activity and 8 MET scores per minute for vigorous-intensity 

physical activity [214]. 34 Physical activity was categorized as none (0 MET-minutes), low (<600 

MET-minutes), sufficient (600-1200 MET-minutes), and high (>1200 MET-minutes), based on 

the current US guidelines for recommended physical activity minutes per week [97]. Alcohol 

intake was categorized as none (never had at least 12 alcoholic drinks in a lifetime or any alcohol 

in the past year), moderate (not more than one drink for women and not more than two drinks for 

men in a day), and heavy (more than one or two drinks in a day for women and men, 

respectively) [28].   

Statistical Analysis & Missing Data 

 Data distribution across covariates and outcome variable was analyzed for the total study 

sample and across habitual sleep duration categories in descriptive statistics. Logistic regression 

models (unadjusted and adjusted for all covariates) were fit to analyze the association between 

habitual sleep duration and hypertension control, with the crude and adjusted odds ratios for 

hypertension control and their corresponding 95% confidence intervals (CIs) presented.  

 Tests of effect modification were conducted of relationships between habitual sleep duration 

and hypertension control by age and gender. The effect of each of the potential modifiers (age 

and gender) was assessed separately by adding an interaction term (sleep duration × age or sleep 

duration × gender) to the adjusted logistic regression models. 

The percentage of observations with complete data for all covariates was 85%. Missing 

data were imputed using multiple imputation with chained equations [215]. The covariates with 
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missing data (unweighted number and weighted percentage) included education level (n=6, 

0.1%), annual household income (n=413, 6.0%), health insurance (n=10, 0.2%), alcohol intake 

(n=333, 5.3%), BMI (n=67, 1.0%), depressive symptoms (n=357, 5.6%), and healthcare visits in 

past year (n=10, 0.1%).  

 A total of 20 imputation datasets were generated, and the results pooled to generate 

estimates of the multiply impute model using STATA’s multiple imputation (MI) estimate 

procedures [219]. The variables used in the imputation model included all the variables in the 

analysis model, the NHANES cluster, strata, and weights variables, and auxiliary variables 

significantly associated with missing data in some covariates (age and education level of the 

reference person, homeownership, number of rooms in house of residence, and household size). 

 A sensitivity analysis was done on covariates with missing data to check for differences 

between observed data and the complete imputed data. The findings showed minimal or no 

change in the distribution of observed and complete imputed data across depressive symptoms, 

BMI, healthcare visits in the past year, education level, health insurance, and alcohol intake. In 

the annual household income, the proportion of the < $55,000 group increased from 48.5% to 

49.3% while the ≥ $55,000 group reduced from 51.5% to 50.7% after imputation. (Table 4.1). 

The complete imputed data were used to examine the relationship between habitual sleep 

duration and hypertension control and presented in tables.  

All data were analyzed using STATA 1C Version 15 [220]. Stata survey commands were 

used to apply sample weights to account for the NHANES complex sampling design and non-

response. The level of significance for all analyses was set at a p-value < 0.05.  
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Results  

Study population  

The descriptive statistics of the study participants (n=5,163) are presented in Table 4.2 

for the full sample and by habitual sleep duration strata. The average age of the NHANES adults 

with hypertension was 55.4 years, and 52.2% were male. Most participants (64.3%) were non-

Hispanic White, and non-Hispanic Black and Hispanic adults made up 13.0 % of the sample 

each. More than half (53.2%) had some college education or higher level of education. Most of 

the participants (89.5%) had health insurance, and 87.3% had visited a health care facility for 

care at least once in the past year. The mean BMI was 31.2 kg/m2, and 49.3% reported being 

highly physically active (>1200 MET minutes/week) while 25.1% were physically inactive 

(Table 4.2).  

Over half (54.3%) had sleep apnea symptoms, and 36.2% had a history of telling a health 

care professional that they had trouble sleeping. The majority (66.0%) reported sleeping 7 – 9 

hours in a night or main sleep period, while 23.7% slept <7 hours. The proportion that had 

hypertension control (SBP <130mmHg and DBP <80mmHg) was 19.7%. 

Habitual sleep duration and hypertension control  

In the unadjusted logistic regression model of hypertension control as a function of 

habitual sleep duration (Table 4.3), those with a sleep duration of <6 hours were less likely to 

have hypertension control when compared to those whose sleep duration was 7-9 hours (OR = 

0.65, 95% CI: 0.44 – 0.98, P = 0.041 ). No significant differences were noted in hypertension 

control between the sleep duration reference group (7 – 9 hours) and those whose sleep duration 

was  6 - <7 hours or >9 hours. After adjusting for all covariates (sociodemographic 

characteristics, other sleep characteristics, number of healthcare visits in the past year, health 
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characteristics, and health-related behaviors), the finding that those with a sleep duration of <6 

hours were less likely to have hypertension control than those with a sleep duration of 7 – 9 

hours remained robust (OR = 0.66, 95% CI: 0.46 – 0.95, P = 0.027). In the fully adjusted model, 

no significant differences were noted in hypertension control between those with 6 - <7 hours of 

sleep (OR = 1.41, 95% CI: 0.93 – 2.13, P = 0.099 ) or >9 hours of sleep (OR = 0.99, 95% CI: 

0.69 – 1.42,  P = 0.941) compared to the reference group (7 -9 hours of sleep).  

In the adjusted model, age 40 – 79 years was associated with higher odds of hypertension 

control than age 18 to 39 years. Those with a history of CAD, stroke, moderate CKD, or diabetes 

mellitus had higher odds of hypertension control. Other factors positively associated with higher 

odds of hypertension control included BMI, current smoking (compared to no smoking), having 

a history of seeking help for sleeping difficulties,  visiting a healthcare facility for care at least 

once in the past year, and having a household income ≥ $55,000 (compared to < $55,000).  

In the fully adjusted logistic model with the interaction term, habitual sleep duration × 

age, no significant interactions were noted between habitual sleep duration and age on the odds 

of hypertension control. A separate fully adjusted model with the interaction term habitual sleep 

duration × gender also yielded no significant interactions. 

In sensitivity analyses, the multivariable logistic regression model results from the 

complete imputed data (n=5,163) were compared to those from the observed data, n=4,384) to 

note any differences (Table 4.4). The findings on odds for hypertension control in those with a 

habitual sleep duration of <6 hours when using complete imputed data  (OR = 0.66, 95% CI: 

0.46 – 0.95) were similar to the observed data results (OR = 0.65, 95% CI: 0.44 – 0.98). In both 

the observed and complete imputed data, no significant differences were noted in hypertension 

control between the reference group (7 -9 hours) and the  6 - <7 hours or >9 hours group.  
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Discussion  

In this nationally representative study of US adults with hypertension, we find a negative 

association between short sleep duration and hypertension control. This finding builds upon 

evidence from previous studies that have shown short sleep duration to be a significant risk 

factor for hypertension [12, 15-17, 65, 200]. Importantly, the association was robust, with no age 

or gender differences in magnitude or significance in the relationship between sleep duration and 

hypertension control.  

Our findings of an association between short sleep duration and hypertension control at 

<6 hours of sleep but not 6 - <7 hours support prior findings that noted a stronger association 

between short sleep and hypertension at lower hours of sleep. In a cross-sectional study that used 

7-8 hours/night as the normal sleep duration, self-reported sleep duration of 5-6 hours was 

associated with 22% increased risk for hypertension, and the risk substantially increased by 

twofold in those with a sleep duration of <5 hours/night [50]. These findings are consistent with 

another study, which reported a 86%, 56%, and 27% increase in the risk of hypertension in 

adults whose sleep duration was ≤4, 5, and 6 hours, respectively, compared to 7 hours of sleep 

[17]. A dose-response relationship has been demonstrated in a meta-analysis of longitudinal 

studies, which reported a 0.32% reduction in risk for hypertension with each hour increase in 

sleep duration. The meta-analysis findings also showed that a sleep duration of  ≤5 hours was 

associated with a higher risk for hypertension than a sleep duration of  6 hours (p<0.05) 

compared to 7 hours of sleep [12]. These findings, taken together, point to a higher risk of poor 

BP outcomes in adults habitually sleeping for less than 6 hours a day. 

There are several ways through which inadequate sleep may negatively impact BP and 

hypertension control. Sleeping for less than the recommended hours can cause alterations in 
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physiological functions, leading to many adverse effects, including an increase in BP. Examples 

of these alterations include increased sympathetic nervous system (SNS) activity, reduced insulin 

sensitivity, endothelial dysfunction, and hormonal alterations that increase the risk for obesity 

[59-63]. For instance, experimental studies, both in adults with normal BP levels and adults with 

hypertension, have shown that restricting sleep to less than 5 hours/day leads to a significant 

increase in the sympathetic nervous system (SNS) activity and elevation in BP [185, 252-254].  

Insufficient sleep is thought to lead to a sustained elevation in SNS activity throughout the time 

one remains awake during the night and throughout the next day following sleep loss [61]. 

Inadequate sleep can also interfere with specific neurocognitive functions and impair attention to 

health-related cues such as being physically active and eating healthy food [67]. All these factors 

can contribute to difficulty achieving hypertension control among individuals with hypertension. 

The 2017 ACC/AHA guidelines outline pharmacological and non-pharmacological 

interventions for hypertension management to improve overall health status and reduce 

cardiovascular disease risk [7]. The main non-pharmacological interventions recommended are 

based on findings from clinical trials. These interventions include weight control, physical 

activity, a healthy diet, increased dietary potassium, reduced dietary sodium, and reduced alcohol 

intake for those who consume alcohol [7]. These interventions are focused on well-known 

modifiable risk factors for hypertension such as obesity, unhealthy diet, and excessive alcohol 

intake [7-9]. Based on the findings from our study and others  [12, 15-17, 65, 200, 252-254], 

habitual sleep duration may play a crucial role in the prevention, management, and control of 

hypertension. Consequently, it should be one of the recommended basic lifestyle interventions 

for BP control in future iterations of the hypertension guidelines. 
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There are a few limitations related to this study. We cannot infer a causal link between 

habitual sleep duration and hypertension control because of the cross-sectional nature of the 

NHANES data. There may be response bias because data for several variables, including 

habitual sleep duration, other sleep characteristics, some chronic health conditions, and health 

behaviors, were self-reported. Although the measurement of BP was done by specially trained 

health professionals that followed a standardized protocol, the BP readings used to calculate the 

average BP were all obtained in a single visit to the mobile examination center. Using BP 

readings obtained only in a single visit can lead to misclassification of hypertension status or 

hypertension control status because of the difficulty of identifying whitecoat and masked 

hypertension cases in a single office visit [260].  

Despite the limitations noted, the information generated on the relationship between sleep 

duration and hypertension control provides important insight on the potential role of habitual 

sleep duration in supporting hypertension control. Future longitudinal studies are recommended 

to examine how habitual sleep predicts BP changes and hypertension control in adults with 

hypertension. These findings also have implications in clinical practice. Working with patients 

who have hypertension to help them get enough sleep, as part of the other recommended lifestyle 

interventions, can positively impact their BP management. 
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Table 4.1: Comparative sensitivity analysis between pre-imputation and post-imputation 

data of variables with missing data 

 Pre-imputation  Post-imputation  

Variable    

Education level, Weighted % (95% CI)   

 College graduate 27.6 (23.8 – 31.4) 27.6 (23.8 – 31.4) 

 Some college 33.1 (30.6 – 35.8) 33.1 (30.5 – 35.8) 

 High school graduate 25.9 (23.6 – 28.3) 25.9 (23.5 – 28.4) 

 Less than high school 13.4 (11.6 – 15.3) 13.4 (11.5 – 15.2) 

Annual household income, Weighted % 

(95% CI)  

  

 < $55,000 48.5 (44.7 – 52.4) 49.3 (45.5 – 53.1) 

 ≥ $55,000 51.5 (47.6 – 55.3) 50.7 (47.0 – 54.5) 

Has health insurance, Weighted % (95% 

CI) 

  

 Yes 89.5 (86.9 – 91.6) 89.4 (87.1 – 91.8) 

 No 10.5 (8.4 – 13.1) 10.6 (8.2 – 12.9) 

Healthcare visits in the past year, Weighted 

% (95% CI) 

  

 0 12.7 (11.3 – 14.4) 12.7 (11.2 – 14.3) 

 1 – 2 45.5 (43.3 – 47.7) 45.5 (43.3 – 47.7) 

 >2 41.8 (39.7 – 43.9) 41.8 (39.6 – 43.9) 

Depressive symptoms severity, Weighted % 

(95% CI) 

  

 Minimal or none 75.4 (73.6 – 77.1) 75.4 (73.7 – 77.2) 

 Mild  16.1 (14.7 – 17.7) 16.1 (14.6 – 17.7) 

 Moderate to severe 8.5 (7.4 – 9.7) 8.4 (7.3 – 9.6) 

BMI, Weighted mean (SE) 31.2 (0.19) 31.2 (0.19) 

Alcohol intake, Weighted % (95% CI)   

 None  28.5 (26.3 – 30.8) 28.7 (26.5 – 30.9) 

 Moderate   38.8 (36.0 – 41.6) 38.6 (35.9 – 41.3) 

 Heavy  32.7 (30.7 – 34.8) 32.7 (30.7 – 34.8) 
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Table 4.2: Characteristics of NHANES sample of US adults with hypertension, by habitual sleep 

duration 

  Habitual sleep duration   

Characteristic  Overall N (%)         <6 6 - <7  7 - 9 >9 

 5163 n=516 n=808 n=3214 n=625 

Sex, %       

 Male 2662 (52.2) 56.6  61.6  51.5  39.4  

 Female 2501 (47.8) 43.5  38.4  48.5  60.6  

Age, mean (SE) 5163 (55.4) 53.3 (0.8) 52.8 (0.7) 55.7 (0.5) 59.1 (0.9) 

Age, %       

 18-39 783 (17.8) 20.5 19.4 17.1 17.4 

 40-59  1794 (40.1) 45.6 48.2 39.5 27.1 

 60-79  2099 (35.0) 29.3 28.8 36.4 40.2 

 80 and older 487 (7.2) 4.6 3.7 7.0 15.4 

Race/Ethnicity, %       

 Non-Hispanic White 1719 (64.3) 53.6  57.7  67.2  64.2  

 Non-Hispanic Black 1334 (13.0) 22.8  17.4  10.5  14.3  

 Hispanic 1268 (13.0) 13.6  14.6  12.4  13.5  

Other race/ethnicity  842 (9.7) 10.0  10.3  9.8  8.0  

US-born, %  3580 (83.0) 83.2  79.8  83.3  85.2  

Education Level, %       

 College graduate 1146 (27.6) 16.8  27.9  30.3  18.9  

 Some college 1587 (33.2) 36.4  36.2  33.5  23.5  

 High school graduate 1237 (25.9) 32.4  22.6  24.5  34.5  

 Less than high school 1187 (13.4) 14.5  13.3  11.7  23.2  

Annual household income, %      

 < $55,000 2966 (48.5) 61.5 40.2 46.1 65.4 

 ≥ $55,000 1784 (51.5) 38.5 59.8 53.9 34.6 

Employment Status, %       

 Fulltime 35 – 44 hours/week 1144 (24.7) 18.1  27.7  26.9  11.4  

 Fulltime ≥45 hours/week 794 (19.4) 29.7  29.6  18.1  4.4  

 Parttime <35 hours/week 630 (12.3) 9.6  10.7  13.4  9.5  

 Not working  2595 (43.6) 42.6  32.0  41.6  74.7  

Has health insurance, %  4496 (89.5) 81.6  87.9  90.9  88.9  

Healthcare visits in past year, %       

 0 703 (12.7) 14.1  16.2  12.4  8.7  

 1 – 2 2320 (45.5) 47.0  47.4  46.2  37.0  

 >2 2130 (41.8) 38.9  36.5  41.4  54.4  

Symptoms of sleep apnea, %  2773 (54.3) 61.9  59.5  52.2  54.3  

History of seeking help for sleeping 

difficulty, %  

1603 (36.2) 49.9  33.2  34.7  38.4  

Depressive symptoms, %       

 Minimal or none 3600 (75.4) 61.5  79.5  78.4  61.9  

 Mild  790 (16.1) 23.4  12.4  15.0  22.8  

 Moderate to severe 416 (8.5) 15.2  8.1  6.6  15.3  

BMI, mean (SE) 31.2 (0.2) 31.6 (0.4) 31.9 (0.3) 31.1 (0.2) 30.6 (0.4) 

BMI category, %      

 <25 1022 (18.3) 20.9  15.8  18.2  20.4  

 25 - <30 1633 (30.9) 27.1  30.5  31.3  32.0  

 ≥30  2441 (50.8) 52.0  53.7  50.5 47.6  

Coronary artery disease or stroke, % 606 (10.5) 11.8  8.6  10.0  15.3  

Diabetes mellitus, %  1303 (20.3) 17.9  22.1  19.1  27.7  

Moderate CKD, % 524 (9.1) 7.5  7.5  8.6  16.1  

Cigarette smoking, %       
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 Never smoker  2853 (53.5) 44.9  55.1  54.8  50.2  

 Current smoker  928 (17.3) 28.6  19.1  14.6  22.4  

 Former smoker  1382 (29.2) 26.5  25.8 30.7  27.4  

Alcohol intake, %       

 None  1758 (28.5) 34.5  26.2  26.9  37.0  

 Moderate  1688 (38.8) 27.5  40.1  40.4  35.9  

 Heavy  1384 (32.7) 37.9  33.7  32.7  27.2  

Total physical activity (MET 

minutes/week), %  

     

 None 1542 (25.1) 27.0  25.0  23.1  36.6  

 Low (<600) 737 (13.7) 11.8  9.0  15.2  12.5  

 Sufficient (600 to 1200) 592 (11.9) 10.4  10.3  12.5  11.5  

 High (>1200) 2292 (49.3) 50.8  55.7  49.2  39.5  

Hypertension control, %       

Controlled  954 (19.7) 13.7  22.8  19.5  21.4  

Uncontrolled  4209 (80.3) 86.3  77.2  80.5  78.6  
a Data are expressed as an unweighted number of participants and weighted percentages and means.  

Abbreviations: SE, standard error; CKD, chronic kidney disease; BMI, body mass index; MET, metabolic equivalent 
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Table 4.3: Weighted odds ratios for hypertension control in  NHANES sample of US adults 

with hypertension   

 Unadjusted model   Adjusted model a  

Covariate  OR (95% CI) P AOR (95% CI) P 

Sleep duration      

 7 – 9 1 (Ref)   1 (Ref)  

 <6 0.65 (0.44 – 0.98) 0.041 0.66 (0.46 – 0.95) 0.027 

 6 - <7 1.22 (0.81 – 1.82) 0.329 1.41 (0.93 – 2.13) 0.099 

 >9 1.12 (0.81 – 1.55) 0.479 0.99 (0.69 – 1.42) 0.941 

Sociodemographic characteristics      

Age     

 18-39 1 (Ref)  1 (Ref)  

 40-59  4.05 (2.43 – 6.75) <0.001 2.97 (1.81 – 4.87) <0.001 

 60-79  7.63 (4.73 – 12.3) <0.001 4.29 (2.67 – 6.85) <0.001 

 80 and older 3.03 (1.69 – 5.46) 0.001 1.46 (0.80 – 2.66) 0.207 

Female (vs male) 1.38 (1.12 – 1.71) 0.004 1.14 (0.88 – 1.47) 0.308 

Race/Ethnicity      

 Non-Hispanic White 1 (Ref)  1 (Ref)  

 Non-Hispanic Black 0.78 (0.61 – 0.99) 0.038 0.94 (0.75 – 1.19) 0.604 

 Hispanic 0.60 (0.43 – 0.84) 0.004 1.15 (0.77 – 1.73) 0.472 

 Other race/ethnicity 1.04 (0.77 – 1.40) 0.793 1.42 (0.97 – 2.08) 0.069 

Not US-born (vs. US-born) 0.63 (0.50 – 0.80) <0.001 0.74 (0.47 – 1.16) 0.183 

Education Level     

 College graduate 1 (Ref)  1 (Ref)  

 Some college 1.09 (0.79 – 1.49) 0.589 1.15 (0.82 – 1.62) 0.604 

 High school graduate 1.01 (0.75 – 1.35) 0.968 1.07 (0.78 – 1.45) 0.667 

 Less than high school 0.72 (0.50 – 1.02) 0.065 0.83 (0.54 – 1.27) 0.378 

Annual household income     

 < $55,000 1 (Ref)  1 (Ref)  

 ≥ $55,000 1.24 (0.93 – 1.64) 0.133 1.42 (1.02 – 1.97) 0.037 

Employment Status     

 Fulltime 35 – 44 hours/week 1 (Ref)  1 (Ref)  

 Fulltime ≥45 hours/week 0.94 (0.63 – 1.41) 0.749 1.01 (0.65 – 1.54) 0.982 

 Parttime <35 hours/week 1.06 (0.66 – 1.71) 0.809 0.93 (0.59 – 1.49) 0.765 

 Not working  1.79 (1.23 – 2.62) 0.004 1.17 (0.82 – 1.67) 0.364 

No health insurance (vs has health 

insurance) 

0.34 (0.24 – 0.50) <0.001 0.72 (0.46 – 1.03) 0.148 

Healthcare visits in the past year     

 0 1 (Ref)  1 (Ref)  

 1 – 2 13.85 (6.68 – 28.70) <0.001 8.87 (4.14 – 19.0) <0.001 

 >2 22.04 (10.53 – 46.14) <0.001 10.77 (4.89 – 23.70) <0.001 

Sleep characteristics      

History of help-seeking for 

sleeping difficulty (vs none) 

1.73 (1.43 – 2.09) <0.001 1.26 (1.02 – 1.54) 0.032 

Sleep apnea symptoms (vs None) 0.99 (0.83 – 1.19) 0.934 0.94 (0.78 – 1.13) 0.492 

Health characteristics      

CAD or stroke (vs no CAD or 

stroke) 

2.51 (1.82 – 3.45) <0.001 1.69 (1.22– 2.34) 0.002 
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Diabetes mellitus (vs no diabetes 

mellitus) 

2.19 (1.60 – 2.99) <0.001 1.48 (1.07 – 2.04) 0.020 

moderate CKD (vs no moderate 

CKD) 

2.40 (1.58 – 3.66) <0.001 1.83 (1.16 – 2.89) 0.011 

Depressive symptoms     

 Minimal or none 1 (Ref)  1 (Ref)  

 Mild  1.24 (0.87 – 1.76) 0.227 1.11 (0.78 – 1.56) 0.558 

 Moderate to severe 1.47 (0.95 – 2.28) 0.080 1.19 (0.72 – 1.96) 0.488 

BMI  1.02 (1.01 – 1.03) 0.005 1.02 (1.003 – 1.03) 0.020 

Health-related behaviors      

Alcohol intake      

 None  1 (Ref)  1 (Ref)  

 Moderate   1.05 (0.78 – 1.40) 0.753 1.17 (0.86 – 1.59) 0.300 

 Heavy  0.68 (0.48 – 0.98) 0.037 0.87 (0.59 – 1.27) 0.448 

Cigarette smoking     

 Never smoker  1 (Ref)  1 (Ref)  

 Current smoker  1.18 (0.85 – 1.63) 0.318 1.61 (1.16 – 2.24) 0.007 

 Former smoker  1.38 (1.03 – 1.84) 0.032 1.16 (0.85 – 1.58) 0.331 

Physical activity (Level /MET 

minutes/week) 

    

 None 1 (Ref)  1 (Ref)  

 Low (<600) 1.20 (0.87 – 1.65) 0.266 1.31 (0.95 – 1.81) 0.095 

 Sufficient (600 to 1200) 0.82 (0.51 – 1.30) 0.373 0.84 (0.55 – 1.28) 0.398 

 High (>1200) 0.70 (0.49 – 1.00) 0.047 0.88 (0.63 – 1.23) 0.435 

a Adjusted for all covariates in the table 

Abbreviations: NHANES, National Health and Nutrition Examination Survey; SE, standard error; OR, odds 

ratio; AOR, adjusted odds ratio; CAD, coronary artery disease; CKD, chronic kidney disease; BMI, body mass 

index; MET, metabolic equivalent 
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Table 4.4: Comparison of results on the relationship between habitual sleep duration and hypertension 

control – complete case analysis and post-imputation  

 OR (95% CI) aOR (95% CI) a 

 Pre-imputation  Post-imputation  Pre-imputation  Post-imputation  

Covariate      

Sleep duration      

 7 - 9 1 (Ref)  1 (Ref)  1 (Ref) 1 (Ref) 

 <6 0.65 (0.44 – 0.98) 0.65 (0.44 – 0.98) 0.66 (0.45 – 0.98) 0.66 (0.46 – 0.95) 

 6 - <7 1.22 (0.81 – 1.82) 1.22 (0.81 – 1.82) 1.35 (0.85 – 2.13) 1.41 (0.93 – 2.13) 

 >9 1.12 (0.81 – 1.55) 1.12 (0.81 – 1.55) 1.06 (0.74 – 1.53) 0.99 (0.69 – 1.42) 

Sociodemographic 

characteristics  

    

Age     

 18-39 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref) 

 40-59  4.05 (2.43 – 6.75) 4.05 (2.43 – 6.75) 3.25 (1.94 – 5.42) 2.97 (1.81 – 4.87) 

 60-79  7.63 (4.73 – 12.3) 7.63 (4.73 – 12.3) 4.70 (2.94 – 7.52) 4.29 (2.67 – 6.85) 

 80 and older 3.03 (1.69 – 5.45) 3.03 (1.69 – 5.46) 1.56 (0.89 – 2.73) 1.46 (0.80 – 2.66) 

Female (vs male) 1.38 (1.12 – 1.71) 1.38 (1.12 – 1.71) 1.15 (0.88 – 1.51) 1.14 (0.88 – 1.47) 

Race/Ethnicity      

 Non-Hispanic White 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref) 

 Non-Hispanic Black 0.78 (0.61 – 0.98) 0.78 (0.61 – 0.99) 0.93 (0.71 – 1.23) 0.94 (0.75 – 1.19) 

 Hispanic 0.60 (0.43 – 0.84) 0.60 (0.43 – 0.84) 1.07 (0.72 – 1.58) 1.15 (0.77 – 1.73) 

 Other race/ethnicity 1.04 (0.77 – 1.49) 1.04 (0.77 – 1.40) 1.32 (0.88 – 1.97) 1.42 (0.97 – 2.08) 

Not US-born (vs. US-

born) 

0.63 (0.50 – 0.80) 0.63 (0.50 – 0.80) 0.77 (0.47 – 1.26) 0.74 (0.47 – 1.16) 

Education Level     

 College graduate 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref) 

 Some college 1.09 (0.80 – 1.49) 1.09 (0.79 – 1.49) 1.13 (0.78 – 1.62) 1.15 (0.82 – 1.62) 

 High school graduate 1.01 (0.75 – 1.35) 1.01 (0.75 – 1.35) 0.05 (0.75 – 1.47) 1.07 (0.78 – 1.45) 

 Less than high school 0.72 (0.50 – 1.02) 0.72 (0.50 – 1.02) 0.87 (0.58 – 1.31) 0.83 (0.54 – 1.27) 

Annual household income     

 < $55,000 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref) 

 ≥ $55,000 1.23 (0.93 – 1.63) 1.24 (0.93 – 1.64) 1.47 (1.04 – 2.09) 1.42 (1.02 – 1.97) 

Employment status     

 Fulltime 35 – 44 

hours/week 

1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref) 

 Fulltime ≥45 

hours/week 

0.94 (0.63 – 1.40) 0.94 (0.63 – 1.41) 1.01 (0.63 – 1.61) 1.01 (0.65 – 1.54) 

 Parttime <35 

hours/week 

1.06 (0.66 – 1.71) 1.06 (0.66 – 1.71) 0.87 (0.54 – 1.40) 0.93 (0.59 – 1.49) 

 Not working  1.79 (1.23 – 2.62) 1.79 (1.23 – 2.62) 1.16 (0.80 – 1.66) 1.17 (0.82 – 1.67) 

No health insurance (vs 

has health insurance) 

0.34 (0.24 – 0.50) 0.34 (0.24 – 0.50) 0.75 (0.46 – 1.23) 0.72 (0.46 – 1.03) 

Healthcare visits in the 

past year 
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 0 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref) 

 1 - 2 13.85 (6.70 – 28.66) 13.85 (6.68 – 28.70) 8.79 (3.94 – 19.6) 8.87 (4.14 – 19.0) 

 >2 22.05 (10.55 – 46.07) 22.04 (10.53 – 46.14) 10.70 (4.65 – 24.65) 10.77 (4.89 – 23.70) 

Sleep characteristics      

History of help-seeking 

for sleeping difficulty (vs 

none) 

1.73 (1.43 – 2.09) 1.73 (1.43 – 2.09) 1.23 (0.99 – 1.53) 1.26 (1.02 – 1.54) 

Sleep apnea symptoms 

(vs None) 

0.99 (0.83 – 1.19) 0.99 (0.83 – 1.19) 0.95 (0.79 – 1.14) 0.94 (0.78 – 1.13) 

Health characteristics      

CAD or stroke (vs no 

CAD or stroke) 

2.51 (1.82 – 3.45) 2.51 (1.82 – 3.45) 1.72 (1.24 – 2.40) 1.69 (1.22– 2.34) 

Diabetes mellitus (vs no 

diabetes mellitus) 

2.19 (1.60 – 2.99) 2.19 (1.60 – 2.99) 1.40 (1.00 – 1.96) 1.48 (1.07 – 2.04) 

Moderate CKD (vs no 

moderate CKD) 

2.40 (1.58 – 3.66) 2.40 (1.58 – 3.66) 1.79 (1.11 – 2.90) 1.83 (1.16 – 2.89) 

Depressive symptoms     

 Minimal or none 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref) 

 Mild  1.24 (0.87 – 1.78) 1.24 (0.87 – 1.76) 1.09 (0.76 – 1.56) 1.11 (0.78 – 1.56) 

 Moderate to severe 1.46 (0.94 – 2.28) 1.47 (0.95 – 2.28) 1.15 (0.67 – 1.97) 1.19 (0.72 – 1.96) 

BMI  1.02 (1.01 – 1.03) 1.02 (1.01 – 1.03) 1.02 (1.00 – 1.03) 1.02 (1.003 – 1.03) 

Health-related behaviors      

Alcohol intake      

 None  1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref) 

 Moderate   1.05 (0.77 – 1.42) 1.05 (0.78 – 1.40) 1.16 (0.86 – 1.58) 1.17 (0.86 – 1.59) 

 Heavy  0.68 (0.47 – 0.98) 0.68 (0.48 – 0.98) 0.85 (0.58 – 1.26) 0.87 (0.59 – 1.27) 

Cigarette smoking     

 Never smoker  1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref) 

 Current smoker  1.18 (0.85 – 1.62) 1.18 (0.85 – 1.63) 1.64 (1.17 – 2.29) 1.61 (1.16 – 2.24) 

 Former smoker  1.38 (1.03 – 1.84) 1.38 (1.03 – 1.84) 1.13 (0.82 – 1.56) 1.16 (0.85 – 1.58) 

Physical activity (Level 

/MET minutes/week) 

    

 None 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref) 

 Low (<600) 1.20 (0.87 – 1.65) 1.20 (0.87 – 1.65) 1.31 (0.90 – 1.91) 1.31 (0.95 – 1.81) 

 Sufficient (600 to  

1200) 

0.82 (0.51 – 1.29) 0.82 (0.51 – 1.30) 0.79 (0.51 – 1.24) 0.84 (0.55 – 1.28) 

 High (>1200) 0.70 (0.49 – 0.99) 0.70 (0.49 – 1.00) 0.83 (0.57 – 1.22) 0.88 (0.63 – 1.23) 

a Adjusted for all covariates in the table 

Pre-imputation (n=4387), post-imputation (n=5163) 

Abbreviations: NHANES, National Health and Nutrition Examination Survey; SE, standard error; OR, odds ratio; AOR, 

adjusted odds ratio; CAD, coronary artery disease; CKD, chronic kidney disease; BMI, body mass index; MET, metabolic 

equivalent 
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Chapter 5. Conclusion 

 As noted in Chapters 3 and 4, despite the extensive evidence showing a significant 

relationship between sleep duration and risk for hypertension [12, 14-17, 65, 200], there is 

minimal literature on sleep duration in adults with hypertension. This dissertation leveraged data 

from the nationally representative National Health Nutrition and Examination Survey 

(NHANES) to address two key gaps in the current literature on adults with hypertension. To our 

knowledge, this is the first study to 1) examine sociodemographic and health-related factors 

associated with habitual sleep duration in US adults with hypertension; and 2) analyze the 

relationship between habitual sleep duration and hypertension control in a community sample of 

adults with hypertension. This conclusion section summarizes significant findings, limitations of 

the study, and implications of findings to policy, clinical practice, and future research. 

 We applied Grandner’s Socio-ecological Model of Sleep Health [71] to explore 

sociodemographic and health characteristics independently associated with habitual sleep 

duration in US adults with hypertension. Factors positively associated with habitual short sleep 

duration (<7 hours) included a history of help-seeking for sleeping difficulty, non-Hispanic 

Black race/ethnicity (compared to non-Hispanic White), and working ≥45 hours/week (compared 

to working 35 – 44 hours/week). These factors provide information about adults with 

hypertension who are at most risk for poor health outcomes due to insufficient sleep. Such 

information is crucial for developing tailored strategies or interventions in clinical practice and 

public health for supporting healthy habitual sleep. 

 Given the findings of this study and others of a significant relationship between short 

sleep duration and work hours [160, 161, 242], policymakers should consider policies that enable 

those employed to get enough rest and sleep without compromising their livelihood. Future 
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intervention studies promoting healthy sleep among hypertensive adults with habitual short sleep 

duration will help measure how impactful sleep is in promoting positive health outcomes, 

including prevention and control of hypertension. Future intervention studies in adults with 

hypertension can also help identify which modifiable factors help improve habitual sleep. 

 We also found that older adults ( ≥ 65 years old) were less likely to have short sleep 

duration than young adults (18 to 44-year-olds) with hypertension. Compared to men, women 

with hypertension were less likely to have a short sleep duration and more likely to have a long 

sleep. Individuals not currently working were also more likely to be long sleepers when 

compared to those who worked 35 – 44 hours/week. Other factors positively associated with 

long sleep duration included chronic kidney disease and moderate to severe depressive 

symptoms. Long sleep duration in adults with hypertension who have these comorbidities may 

indicate ill health or pathophysiological processes underlying these diseases, leading to excessive 

tiredness and sleepiness [131, 235, 236]. Future studies analyzing the relationship between the 

biological markers of these pathophysiological processes and sleep would provide more insight 

into the mechanisms involved in the link between these diseases and long sleep duration. 

 In examining the relationship between habitual sleep duration and hypertension control, 

we found that hypertensive adults with a sleep duration of fewer than 6 hours were less likely to 

have hypertension control when compared to those with adequate sleep duration (7 – 9 hours) 

after adjusting for several factors, including sociodemographic, sleep and other health-related 

characteristics. Our finding of a negative relationship between habitual short sleep duration and 

hypertension control, and other previous study findings indicating a significant association 

between short sleep duration and hypertension risk [12, 14-17, 65, 200], suggest that habitual 

sleep duration may play a crucial role in the prevention, management, and control of 
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hypertension. Therefore, adequate sleep duration should be part of the recommended lifestyle 

interventions for hypertension prevention and control in future hypertension guidelines.  

Despite this study being nationally representative of non-institutionalized US adults with 

hypertension, limitations should be noted. The study was cross-sectional. Consequently, we can 

only infer associations in our findings on the relationship between habitual sleep duration and 

hypertension control and the relationship between the factors studied and habitual sleep duration. 

Consequently, longitudinal and intervention studies are needed to examine how habitual sleep 

duration predicts BP changes and hypertension control in adults with hypertension over time. 

Also, this study used a national community-based sample rather than a clinical sample, and 

replication of these findings in clinical samples is an important next step. 

Prior studies in other populations have found potentially modifiable factors such as shift 

work, stress, sleep attitudes, and caregiving to be significant predictors of sleep duration [115, 

122, 135, 153, 246]. These factors were not included in the present study because data on them 

were not available in NHANES. Future studies should consider examining how these factors are 

associated with habitual sleep duration in individuals with hypertension to provide more insight 

into improving this population’s sleep duration.  

Another limitation of this study is that many variables were self-reported, including most 

chronic health conditions and health behaviors such as habitual sleep duration and physical 

activity. Even though the collection of self-reported data is more feasible than objective data in 

large-scale cross-sectional studies such as NHANES, self-reports increase the risk of 

misclassification due to measurement error [247]. Some of the measures in the NHANES 

protocol of minimizing measurement error included clarifying with participants any extreme 

high or low self-reports on various questionnaire items. For example, during interviews on sleep, 
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NHANES interviewers verified with participants any self-reported sleep duration of fewer than 4 

hours or more than 12 hours.  [261]. Overall, prior studies comparing objective and subjective 

measures of sleep duration have noted that individuals tend to overestimate their actual sleep 

duration by 20 minutes to an hour [45, 54, 55]. Such differences may also occur in the 

measurement of other health behaviors. Therefore, objective measures, such as accelerometry, to 

collect data on health behaviors such as sleep duration and physical activity should be considered 

to supplement survey data whenever possible.  

Despite the limitations noted, the information gathered on factors associated with habitual 

sleep duration in adults with hypertension and the relationship between habitual sleep duration 

and hypertension control makes important contributions to the current knowledge base on sleep 

duration and hypertension in specific ways. First, the current literature shows that sleep duration 

is a significant determinant of hypertension risk [15-17, 200]. However, sleep duration is not 

commonly assessed in studies on determinants of hypertension control [75, 78, 86]. Our findings 

on the relationship between habitual sleep duration and hypertension control suggest that 

habitual sleep duration should be considered a potential predictor or confounder where 

applicable in future studies on BP control.  

 Second, the current US clinical practice guidelines for hypertension have emphasized 

health behaviors including weight control, dietary approaches to stop hypertension (DASH), 

sodium intake, and limiting alcohol intake to manage hypertension [7]. Our study findings 

indicate that adequate sleep duration may be a crucial factor to consider in the management and 

control of hypertension, and this should be considered in future iterations of the hypertension 

management guidelines. Hypertension is usually managed in primary care settings, and our study 

findings and other prior findings on sleep and hypertension [15, 17, 200] point to the need for 
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health care professionals within these settings to be sensitized to assess and support sleep health, 

including adequate sleep duration. This sensitization is especially necessary for those working 

with specific populations with hypertension who are more likely to have inadequate sleep 

duration, which we noted in this study to be non-Hispanic black adults and those working 45 or 

more hours in a week, and those with a history of seeking help for sleeping difficulties.  

Third, the proportion of the US adult population that sleeps less than the recommended 7 

hours in a day [37, 43] has increased over the years [204]. Our findings of an association 

between sleep duration and hypertension control add to the growing evidence on the importance 

of sleep duration in improving health outcomes [37]. This evidence can be used within clinical 

and public health settings to help communicate the importance of adequate sleep duration to 

patients and the public. Our findings on sleep duration disparities in adults with hypertension can 

also help provide insight into developing targeted clinical and public health strategies for 

improving sleep health. Based on the present study findings, the specific population with 

hypertension that would benefit most from targeted policies & strategies that promote healthy 

sleep duration include those working more than 45 hours a week and non-Hispanic black adults.  

The findings from the current dissertation also raise some questions to be explored 

further in future studies. Previous studies have shown that objectively assessed obstructive sleep 

apnea (OSA) is significantly associated with uncontrolled hypertension [262, 263]. One study 

also reported an association between short sleep duration and OSA [132]. These findings indicate 

that OSA may be a confounder of the relationship between sleep duration and hypertension 

control. However, in the current study on the relationship between habitual sleep duration and 

hypertension control, we assessed and adjusted for self-reported symptoms of OSA, which may 

not accurately measure OSA status. Similar future studies should objectively assess and control 
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OSA to minimize potential confounding and enable a more accurate estimation of the association 

between sleep duration and hypertension control.  

Consistent with other studies done in the US general population [172-174], we found that 

non-Hispanic Black adults were more likely than non-Hispanic White adults to be short sleepers 

in those with hypertension. Of note, in previous studies, the strongest association between 

race/ethnicity and short sleep duration has been observed in non-Hispanic Black adults [173, 

174].  Other evidence shows that mean sleep time for non-Hispanic Black US adults tends to be 

significantly shorter than that of non-Hispanic White, Hispanic, and non-Hispanic Asian US 

adults [172, 173]. These findings are noteworthy because hypertension is more prevalent among 

non-Hispanic Black adults than in non-Hispanic White, Hispanic, or non-Hispanic Asian adults 

[21]. Previous findings suggest that the racial/ethnic differences in sleep duration may be related 

to differences in stress and perceived racial discrimination [118, 245]. Further research is needed 

to explore further the mechanisms underlying these racial/ethnic differences in sleep duration. 

Findings from such a study will provide greater insight on strategies for improving sleep and 

related health outcomes, including hypertension, in this specific population.  
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