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Abstract

Cardiovascular risk factors develop in childhood and adolescence. This enumerative review 

addresses whether sleep characteristics, including sleep duration, continuity, quality, and daytime 

sleepiness, are associated with cardiovascular risk factors in young people. Thirty-nine studies 

were identified that examined the following risk factors: metabolic syndrome, glucose and insulin, 

lipids, blood pressure, and cardiovascular responses to psychological stressors. Due to the 

availability of other reviews, 16 longitudinal studies of obesity published in 2011 and later were 

also included in this report. Excluded from the review were studies of participants with suspected 

or diagnosed sleep disorders and reports from sleep deprivation experiments. Combining studies, 

evidence was strongest for obesity, followed by glucose, insulin, blood pressure (especially 

ambulatory blood pressure) and parasympathetic responses to psychological stressors. There was 

little evidence for metabolic syndrome cluster, lipids, and blood pressure responses to 

psychological stressors. The more positive associations were obtained for studies that incorporated 

objective measures of sleep and included adolescents. The foundational evidence is almost entirely 

cross-sectional, except for work on obesity. In summary, available evidence suggests that the 

associations between sleep characteristics and cardiovascular risk vary by risk factor. It is time to 

conduct studies to determine antecedent and consequent relationships and to expand risk factors to 

include markers of inflammation.
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1. Introduction

Elevated risk factors for cardiovascular diseases are apparent in children and adolescents 

and relate to subclinical cardiovascular disease (CVD) later in life. For example, 6% of 

female adolescents and 20% of male adolescents had high fasting blood glucose (≥ 100 
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mg/dl) in the National Health Administration Examination Survey (NHANES) study.1 Up to 

9.8% of children and adolescents had systolic hypertension, and up to 7.1% had diastolic 

hypertension in an analysis of 58,698 children and adolescents enrolled in 11 studies.2 

Blood pressure (BP) at age 13 predicted adulthood BP at age 24, in addition to elevated 

lipids and glucose.3 Autopsy studies of young adults who died from traumas reported a 

linear relationship between number of cardiovascular risk factors and intima surface covered 

with fatty streaks in the coronary arteries: 0, 1, 2, and 3/4 risk factors had, respectively, 

1.3%, 2.5%, 7.9%, and 11.0%; the extent of fibrous-plaque lesions in the coronary arteries 

was 12 times as great in persons with 3 or 4 risk factors, compared to those with none.4 The 

greater the number of risk factors (cigarette smoking, elevated lipids, BP, and body mass 

index (BMI)) in adolescence the greater carotid intima medial thickness in both men and 

women in adulthood.5 A combination of risk factors among children was associated with 

reduced carotid artery elasticity and increased stiffness.6;7 The metabolic syndrome, a 

combination of elevated BP, triglycerides, waist circumference, glucose, and low high 

density lipoprotein levels (HDL-C), in childhood and adolescence predicted CVD in 

adulthood.8

A burgeoning epidemiological literature suggests that sleep patterns are related to CVD 

morbidity and mortality in adulthood.9–13 In particular, either short or very long sleep 

duration, fragmented sleep, and insomnia-like symptoms have been connected to risk for 

CVD. Supporting these epidemiological data are a series of experiments depriving healthy 

participants of sleep for varying lengths of time and observing acute changes in 

cardiovascular risk factors, including BP, heart rate, glucose and insulin metabolic indices, 

and inflammation.14–16 In recognition of the early origins of CVD, the extent to which sleep 

patterns are related to cardiovascular risk factors in children and adolescents has recently 

been a focus of investigation. The primary purpose of the present paper is to synthesize 

evidence on the association between sleep characteristics of young people and their 

cardiovascular risk factors, in particular, metabolic syndrome, glucose and insulin, lipids, 

BP, and heart rate and BP responses to stressful tasks, e.g., mental arithmetic or giving a 

speech. Stress-induced cardiovascular responses are included because of their association 

with risk with incident hypertension and CVD.17

Another purpose of the paper is to update prior reviews on the relationship between obesity 

and sleep characteristics. A 2008 meta-analysis of 17 studies found that the risk of being 

overweight or obese decreased by 9% for each additional hour of sleep, with effects stronger 

in boys than in girls.18 Two literature reviews of sleep and obesity have been published 

since that time. Magee and Hale reported that all 7 longitudinal studies they reviewed 

observed a relationship between short sleep and increased weight and/or adiposity,19 while 

Guidolin and Gradisar20 reported that neither of the 2 longitudinal studies they identified 

observed a relationship. In the current review, we summarize the longitudinal studies that 

were published after January 2011 and were not included in the two previous reviews.

We chose to synthesize available evidence based on an enumerative or descriptive review, 

as opposed to using meta-analytic techniques, for several reasons. First, we did not want to 

combine all cardiovascular risk factors into one quantitative analysis because associations 

may vary by risk factor and by sleep characteristic. Even within one type of cardiovascular 
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risk factor or sleep characteristic, there can be quite different approaches to assessment. 

Although the study findings could be pooled initially to test for heterogeneity across studies, 

our review is aimed at identifying which risk factors seem to be linked. A compelling reason 

for meta-analysis is the increased power that results in combining individual studies with 

relatively small sample sizes. In this review multiple studies have large sample sizes and 

should have sufficient power to be considered in an enumerative review.

The sleep characteristics we reviewed are those considered to be the major dimensions of 

sleep health, i.e., duration, continuity, perceived quality, and daytime sleepiness.21 We also 

included studies on sleep architecture when available and did not include sleep disordered 

breathing (SDB). Another major dimension of sleep health, timing, was not reviewed 

because of few studies in children and adolescence. Our general hypothesis is that short 

sleep, less continuous sleep, poorer quality, and more daytime sleepiness would be 

associated with elevated levels of cardiovascular risk factors. Because long sleep has also 

been associated with elevated CV risk in adulthood, we also identified studies that tested for 

a curvilinear relationship with risk factors. After summarizing the evidence for each risk 

factor, the review identifies subgroups that have stronger associations with sleep 

characteristics. The paper also highlights methodological issues and identifies directions for 

future research.

2. Methods

We used PubMed and PsycInfo to search for articles. We first searched for articles 

examining sleep and cardiovascular risk factors, excluding obesity, using the following 

combination of search terms: (“sleep” OR “actigraphy”) joined by “AND” with a 

cardiovascular risk factor (“metabolic syndrome,” OR “lipids,” OR “cholesterol,” OR 

“blood pressure,” OR “insulin,” OR “glucose,” OR “heart rate variability,” OR 

“cardiovascular”). “NOT” qualifiers included “apnea” and “breathing.” Age limiters (0 

years – 29 yrs) were used to refine the search. Reference lists were used to identify 

additional articles. We included studies that a) had a mean sample age of 24 or younger, in 

accordance with the Centers for Disease Control and Prevention’s22 definition of youth, and 

b) investigated sleep duration, continuity, quality, or sleepiness in relation to one or more of 

the cardiometabolic risk factors identified above. We also included studies on sleep 

architecture when available. Sleep continuity refers to the consolidation of one’s sleep 

throughout the night (e.g., sleep latency, sleep efficiency, wake after sleep onset), and sleep 

quality refers to the subjective assessment of how good or poor one’s sleep is.21 Excluded 

from review were total or partial sleep deprivation experiments and studies that focused 

exclusively on clinical samples (e.g., psychiatric) or participants with sleep disorders. Figure 

1a displays the number of records identified, screened, and excluded. Thirty-nine studies 

met criteria for inclusion. These studies are listed in Table 1 according to category of risk 

factors, with those reporting multiple risk factors listed first. Within risk factor category, 

studies are listed by year of publication.

We then searched PubMed and PsycInfo for longitudinal studies on sleep and obesity, using 

the following combination of search terms: [(“sleep” OR “actigraphy”) AND (“body mass 

index” OR “overweight” OR “obesity” OR “waist circumference”) AND (“prospective” OR 
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“longitudinal”)]. “NOT” qualifiers included “apnea” and “breathing.” Age limiters (0 years 

– 29 yrs) were used to refine the search. Reference lists were used to identify additional 

articles. We included only those studies that a) had a mean sample age of 24 or younger, b) 

were published in 2011 or later, c) were not included in recent reviews of sleep and obesity 

in youth19;20 and d) used a longitudinal design to examine sleep as a predictor of BMI or 

adiposity. Excluded from review were total or partial sleep deprivation experiments and 

studies that focused exclusively on clinical or sleep-disordered samples. Figure 1b displays 

the number of records identified, screened, and excluded. Sixteen studies met criteria for 

inclusion. These studies are listed in Table 2 by year of publication.

We first describe the overall pattern of results within risk factor category below and discuss 

whether the pattern of results varies according to the sleep construct (duration, quality, 

continuity, and architecture; see Table 3). Then we discuss whether the findings vary by 

study characteristics: sleep measure (polysomnography (PSG), actigraphy, parent/self 

report), samples from United States vs. other, obesity within the sample, and age of 

participants. We considered the study as positive if any of the sleep characteristics in a given 

report were related to the risk factor in the expected direction and noted when the findings 

were in subgroups only. For example, if short sleep duration but not sleep continuity was 

related to BP, we considered it as a positive study; or if short sleep duration was related to 

BP in boys, but not girls, we considered it positive in subgroups. For the summaries where 

we characterized findings by study characteristics, e.g., comparing studies of children vs. 

adolescents, we considered the study positive if a sleep measure and multiple cardiovascular 

risk factors within a report were related as expected, and mixed, if it was less than a majority 

of the risk factors but at least one relationship in the expected direction. Thus, for example, 

if a report concerned BP, glucose, and total cholesterol in relation to sleep duration in 

elementary school aged children, and found expected associations for 2 of the 3, it would be 

considered positive; and mixed if there was one association, and 0 null. These judgments 

relied on the multivariate analyses where available. About one-third of the studies (14/38) 

that examined sleep duration in relation to cardiovascular risk markers reported that 

curvilinear or other statistical tests were used to investigate the potential association between 

long sleep and risk factors.

3. Results

3.1 Multiple risk factors

There are 10 studies that reported multiple risk factors in relation to sleep, with 5 

specifically reporting results for the combined index comprising the metabolic syndrome. 

The individual components of the metabolic syndrome are considered in the sections below. 

Of the 5 on the metabolic syndrome, samples ranged from 37 to 1187. Participant ages 

ranged from 6 to 18 years. One reported that shorter sleep duration was associated with 

higher risk for the metabolic syndrome among 37 obese adolescents, 23 whereas three 

studies reported null effects for sleep duration.24–26 The fifth study combined multiple 

characteristics of sleep into a latent factor and reported no direct effect of sleep on metabolic 

syndrome;27 however, there was an indirect effect of overall sleep characteristics being 
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associated with lower aerobic fitness, which was, in turn, related to the metabolic syndrome. 

In sum, evidence is weak that sleep characteristics are related to the metabolic syndrome.

3.2 Glucose and insulin metabolism

There are 13 studies that reported associations between sleep characteristics and measures 

reflecting glucose and insulin metabolism. These measures included a variety of outcomes: 

fasting glucose, homeostasis model assessment of insulin resistance (HOMA-IR), 2-hour 

glucose tolerance test (OGTT), hemoglobin A1c (HbA1c; a measure of glycated 

hemoglobin), Matsuda index of insulin sensitivity, acute insulin response test (AIRg), 

insulinogenic index of insulin secretion (IGI), and whole body insulin sensitivity index 

(WBISI). Sample sizes ranged from 133 to 2053. Participant age ranged from 3 to 26 years. 

All studies were cross-sectional. Of the 13, 8 reported the hypothesized associations with 

sleep characteristics: with short duration,28–35 with decreased continuity,28;32;33 and with 

sleep stages.28;31 Of the 8 positive studies, 2 reported a curvilinear association with sleep 

duration: adjustment for waist circumference resulted in only long duration being related to 

higher HOMA-IR,30 whereas adjustment for obesity resulted in the curvilinear association 

of short sleep time with glucose and HbA1c remaining.31 One of the 8 studies tested the 

association of a combined index of shorter sleep duration, more screen time, and higher 

sugary drink consumption with HOMA-IR, but did not perform a separate analysis of sleep 

duration. This study did adjust for a number of important covariates, including waist 

circumference, gender, parental BMI, and birth weight.29 Two studies reported hypothesized 

associations in subgroups. Short sleep duration was associated with insulin, HOMA-IR, and 

leptin in girls only but these associations became nonsignificant with adjustment for waist 

circumference.35 The other found that short sleep was related to high fasting glucose in 

obese but not nonobese children.33 Five studies reported no associations;24;26;36–38 all of 

these were studies of the metabolic syndrome and 1 was from a sample in a weight 

management clinic. In sum, the majority of the evidence suggests that sleep characteristics 

are related to indices of glucose and insulin metabolism.

3.3 Lipids

There were 7 studies that reported associations between lipids and sleep characteristics. 

These measures included total cholesterol, low density lipoprotein cholesterol (LDL-C) or 

non-high density lipoprotein cholesterol (HDL-C), HDL-C, and triglycerides; sample sizes 

ranged from 1198 to 4104. Participant age ranged from 10 to 26 years. For high 

triglycerides, there were 2 null studies24;37 and 2 studies opposite to prediction.26;38 For 

high LDL-C or non HDL-C, there was a positive association with poor sleep quality but not 

with short sleep duration,39 another with short sleep duration in secondary students but not 

in primary students.25 For low HDL-C, there was one positive study with high daytime 

sleepiness in girls but not boys,36 and another with short parent-reported sleep duration but 

not with actigraphy measured sleep duration,38 and 3 null studies.26;37;39 One study with no 

direct measures of lipids found that female adolescents who reported short sleep duration on 

several occasions indicated 6–7 years later that they had been diagnosed by a physician as 

having high cholesterol.40 The same relationship was not apparent in males. In sum, the 

evidence does not support sleep characteristics being associated with lipids.
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3.4 Blood pressure

There were 21 studies that examined sleep characteristics and BP. Sample sizes ranged from 

49 to 6940, participant ages ranged from 3 to 19, and studies varied widely in terms of using 

cutoffs for prehypertension/hypertension, continuous BP readings, or a combination of both. 

Only one of the 21 studies used a longitudinal design. Archbold et al.41 performed in-home 

PSG assessment of children ages 6–11 and reported that shorter total sleep time (TST) at 

baseline predicted an increase in resting systolic (S) BP over 5 years, after adjusting for age, 

sex, ethnicity, SDB, and change in obesity. There was also a marginal effect of SDB on 

increase in SBP at follow-up.

Of the cross-sectional studies, 7 reported a relationship between decreased sleep duration or 

continuity and higher BP.26;42–47 One study reported that poorer sleep quality was 

associated with hypertension.39 In addition, 1 study that examined sleep stages reported that 

percentage of REM and slow wave sleep were each inversely associated with BP 

measurements taken the next morning.48 Eight studies observed no relationship between 

sleep and BP,24;35–38;49–51 and 2 studies reported that longer sleep was associated with 

higher BP.52;53 One study reported mixed results, such that shorter parent- reported sleep 

was associated with increased BP in 11–14 year-old boys and girls, but with decreased 

diastolic (D) BP in younger boys.54 In sum, the evidence linking sleep characteristics to BP 

in children and adolescents is mixed.

Of the 20 cross-sectional studies listed above, 4 used ambulatory BP monitoring over a 

period of 24 hours or longer. Three of these reported that decreased sleep duration or 

decreased sleep continuity was associated with elevated BP for a portion or all of the 

ambulatory monitoring period.43;45;46 In contrast, Martikainen et al. reported that neither 

self-reported sleep disturbance nor actigraphy-assessed sleep characteristics were associated 

with ambulatory BP in a sample of Finnish 8-year-olds.50;55 Thus, it is possible that multiple 

measurements of BP collected over an extended time period may reveal more robust 

associations with sleep than a limited number of clinic assessments.

3.5 Cardiovascular responses to stress and heart rate variability

Four studies examined sleep in relation to heart rate or BP responses to stress. Sample sizes 

ranged from 79 to 489, and participant age ranged from 8 to 29 years. Each study used a 

different stress task to measure cardiovascular responses. Results across the studies were 

mixed. Two studies reported that shorter sleep was associated with elevated or prolonged 

DBP response to stress;51;56 however, one of these failed to control for a number of 

important covariates.51 In a third study, poor sleep quality was associated with blunted DBP 

reactivity during a semi-structured stress interview in college students, and no other 

associations between sleep and reactivity were observed.57 The fourth study reported no 

association between actigraphy-measured sleep or self-reported sleep disturbances and heart 

rate or BP responses to stress in young children.50;55

Six studies examined sleep in relation to high-frequency heart rate variability (HF-HRV) or 

respiratory sinus arrhythmia (RSA), which are markers of parasympathetic nervous system 

activity. The studies varied in whether they investigated parasympathetic activity during rest 
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and/or during psychological stress tasks. Sample sizes ranged from 29 to 334. Participant 

ages ranged from 3 to 29 years. The one prospective study reported that both decreased 

actigraphy- assessed sleep time and decreased sleep continuity, but not parent reports of 

sleep, predicted a higher resting ratio of low-frequency (sympathetic) to high-frequency 

(parasympathetic) power at 1-year follow-up in 165 children.58 Of the five cross-sectional 

studies, 3 reported positive results, such that shorter or less continuous sleep was linked to 

lower HF-HRV/RSA either at rest or during stress,56;59;60 while 2 studies reported null 

effects or effects in the opposite direction.50;55;61 In sum, 4 of 6 studies supported a 

relationship between decreased sleep duration or continuity and decreased parasympathetic 

activity.

3.6 Comparisons of studies by sleep measure, country of origin, obesity as a covariate, 
and age

3.6.1 Sleep characteristics—Sleep duration or TST was examined in the majority of 

studies. Across cardiovascular risk factors, 25 findings were reported showing a relationship 

between shorter sleep and elevated risk in the whole sample or in sub-groups. Thirty 

findings were null. There were 7 reported associations between longer sleep and elevated 

risk. Of the 11 reports of sleep continuity (including wake after sleep onset, sleep efficiency, 

sleep latency, and/or fragmentation), there were 7 instances of decreased continuity being 

associated with elevated risk and 4 null reports. Of the 12 reports of sleep quality, 

disturbance, or daytime sleepiness; 4 were positive, 5 were null, and 3 indicated that more 

sleepiness or worse quality was associated with elevated risk. In sum, there were no clear 

differences in cardiometabolic risk by type of sleep characteristic.

3.6.2 Subjective vs. objective report of duration or continuity—Eighteen studies 

assessed sleep duration or continuity using PSG or actigraphy, while 20 studies used a self-

report measure of sleep duration or continuity. Regardless of cardiovascular risk factor, 

results tended to be more positive for studies that used an objective sleep assessment, with 

11 positive, 4 mixed, 2 null, and 1 reporting longer sleep and elevated risk. Studies that used 

self-reports of duration or continuity were more likely to report null results, with 3 positive, 

8 mixed, and 7 null, and 2 reporting longer sleep and elevated risk.

3.6.3 Country of origin—Eighteen papers reported on data collected in the United States 

and 21 papers reported on data collected in other countries, including Belgium, Brazil, 

Canada, China, Finland, Germany, Greece, Hong Kong, India, Iran, Japan, Korea, Lithuania, 

Netherlands, and Portugal. Regardless of cardiovascular risk factor, reports were similar in 

terms of those supporting the hypothesized direction of effect: for studies originating in the 

U.S., 10 were positive, 1 null, 6 mixed, and 1 opposite to hypotheses, vs. elsewhere 7 were 

positive, 4 null, 8 mixed, and 2 opposite to hypothesis.

3.6.4 Obesity—Adiposity measured as BMI or waist circumference served as a covariate 

in 27 studies; 11 studies did not adjust for measures of adiposity. In general the studies that 

adjusted for adiposity did not differ in the extent of support for associations with risk factors 

from those studies that did not adjust for adiposity. Four studies only recruited obese 

adolescents and children; of these 2 were positive and 2 were mixed. One study reported in 
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subanalyses that shorter sleep was related to fasting glucose > 100 mg/dl only in obese 

children.

3.6.5 Age—Age of participants ranged from preschool to young adulthood (early 20’s). 

Nineteen studies reported a mean age of 14 years or older or conducted age-stratified 

analyses in older adolescents. Nine of these studies were positive, 7 were mixed, and 3 were 

null. Ten studies reported a mean sample age of 10 or younger or conducted age-stratified 

analyses in younger adolescents. Of these, 3 reported positive results, 1 reported mixed 

results, 5 reported null results, and 1 was negative. Thus, full or partial support for 

relationships between sleep and cardiovascular risk was more likely in older versus younger 

youth.

3.7 Longitudinal Studies of Obesity

We identified 16 longitudinal studies of sleep and obesity published since 2011 and not 

included in previous reviews.19;20 Note that the cross-sectional studies outlined in Table 1 

that included measures of weight are not included in this review. All studies focused on 

sleep duration, with only 1 study also including a measure of sleep disturbance. In terms of 

sleep duration, 8 studies reported that shorter sleep predicted higher BMI, greater increases 

in BMI, or greater risk of overweight/obesity over time compared to longer sleep duration, 

in either the full sample or in both boys and girls.62–69 Three studies reported that shorter 

sleep was predictive of higher BMI or greater weight increases in boys but not girls.70–72 

Three studies reported that associations between sleep duration and anthropometric 

outcomes varied by other sub-groups, such as age or outcome of interest.73–75 Two studies 

reported that sleep duration was not a significant predictor of BMI over time.76;77

4. Discussion

Our enumerative review of the association of cardiovascular risk factors and sleep 

characteristics in children and adolescents revealed several findings. First, evidence for 

associations with sleep characteristics is most consistent for obesity, then glucose and 

insulin metabolism, followed by BP (especially 24 hour ambulatory BP), and 

parasympathetic responses to psychological stressors . The evidence suggesting that short 

sleep leads to increased risk for obesity is particularly striking, especially given the 

longitudinal designs of the studies, and that obesity increases risk for other cardiovascular 

risk factors and tracks over time in young people.

On the other hand, evidence suggests null or weak associations for metabolic syndrome 

cluster, lipids, and BP responses to psychological stressors. These conclusions should not be 

considered definitive in light of many more reports regarding obesity, glucose and insulin 

metabolism, and BP than for metabolic syndrome, lipids, and BP responses to stress. Further 

examination of these parameters may reveal a different pattern of results using longitudinal 

designs and more thorough assessment of sleep characteristics. In that regard, it is 

noteworthy that the only longitudinal study other than those related to obesity did find that 

short sleep predicted increases in blood pressure across five years; in contrast to the number 

of cross-sectional studies of blood pressure that found no associations.41
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Second, given the large number of studies with a variety of participants from many 

developed countries, it is not surprising that the strength of associations varied by several 

key covariates or descriptors of the study. It appears that the associations with 

cardiovascular risk factors are somewhat more consistent in older than younger children and 

in studies that used “objective” measures of sleep as opposed to self- or parent-report. The 

finding that objective measures may reveal stronger associations than subjective measures 

indicates that future studies should preferentially use objective measures. It may be that 

child- or parent-report measures of sleep are less accurate for children because they usually 

do not sleep in the room with their parents and because of the challenges of obtaining 

reliable self-report data regarding any characteristics from younger children. Objective 

measures, e.g., actigraphy or in home polysomnography, usually accompanied by sleep 

diaries, are feasible in large scale studies but do require compliant participants and are more 

expensive and labor intensive than self- or parent-report measures.

Surprisingly the results did not vary substantially by the specific sleep characteristic (i.e., 

duration, continuity, quality) or by whether obesity was introduced as a covariate. The latter 

may be due to the number of studies with only obese participants, as well as the substantial 

number of studies in countries that do not have epidemics of obesity as is occurring in the 

United States.

Third, with the exception of studies of obesity, almost all studies reviewed herein were 

cross-sectional in nature. Given the foundation of research summarized in this review, it is 

now time to examine antecedent and consequent relationships among sleep characteristics 

and cardiometabolic factors. All the risk factors considered are impacted by weight gain so 

longitudinal studies must examine how weight change affects the relationships between 

sleep and change in cardiovascular risk factors. Otherwise, relationships that may be 

attributed to the risk factors may be secondary to weight gain. Finally, it also time to 

conduct randomized trials to address whether improving sleep can lead to improving 

cardiovascular risk factors.

Fourth, only two studies included indices of mental health as covariates. A very large 

literature suggests that depression and anxiety are consistently related to future 

cardiovascular morbidity, mortality, and subclinical CVD.78 Poor sleep is also intertwined 

with depression and anxiety,79 and the mechanisms accounting for their associations may be 

similar to the mechanisms accounting for associations between depression and anxiety and 

cardiovascular risk.80 It is important to include indices of depression and anxiety in future 

studies to examine whether poor sleep leads to mental health problems, which, in turn, lead 

to cardiometabolic risk later in life, or whether mental health problems lead to poor sleep, 

which then leads to cardiovascular risk.

Fifth, although timing of sleep is a key characteristic of sleep health, we only found one 

relevant study. Scharf and DeBoer66 noted that a later bedtime in 4-year-olds predicted an 

increase in BMI by age 5. Previous studies not included in this review also suggest an 

association between variability in sleep timing and risk factors, including higher BMI,81 

inflammatory activity, 82 and sympatho-adrenal- medullary activity. 83 The sleep-wake 

cycle, as well as many of the physiological systems implicated in cardiometabolic disease 
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risk, including glucose metabolism, adipocyte function, and vascular function, are closely 

tied to and may be influenced by circadian rhythms84;85 or circadian preference.86 Thus, it is 

possible that that circadian dysregulation is an underlying cause of both disrupted sleep and 

variations in CVD risk markers.

We did not include inflammatory risk factors because of the few studies available, other than 

those concerning SDB. However, elevated levels of a generic marker of inflammation, C-

reactive protein (CRP), were related to shorter sleep duration in several cross-sectional 

studies of adolescents.87–89 Inflammation is an important arena for investigation, especially 

given substantial literature showing that CRP and interleukin 6 predict the early 

development of CVD.90 As investigations move forward in this arena, it is important to 

measure SDB, especially in populations of overweight children and adolescents.

Finally, the review does not address whether effects are stronger in lower SES or minority 

children and adolescence because rarely did papers report moderation effects by SES or 

race. More generally, it is worthwhile to consider that poor sleep may inform the 

relationship between low SES and minority status with cardiovascular disease risk. 

Supporting this notion is ample evidence that low SES in childhood is related to elevated 

cardiovascular morbidity and mortality in adulthood,91;92 although low SES is not 

consistently related to cardiovascular risk factors in childhood.93 Black children and 

adolescents have shorter sleep than their white counterparts but they report fewer insomnia-

like symptoms.81;94–96 This pattern of results by race is consistent with meta-analyses 

documenting similar associations in adults.97;98 Evidence regarding the influence of SES on 

sleep of children and adolescence is less clear but it is reasonable to hypothesize adverse 

effects of low SES because environmental factors, such as inadequate heating and cooling, 

noise, irregular routines, and stress, do covary with SES and impact sleep.

The present review has a number of strengths and weaknesses. The strengths are clear 

specification of inclusion criteria for studies summarized in the review; detailed description 

of sleep measures and cardiovascular risk factors; and identification of types of studies and 

participants that show more positive vs. null associations. The weaknesses of the review are 

primarily a consequence of the current status of the literature: absence of a sufficient number 

of longitudinal studies that would permit conclusions regarding antecedent and consequent 

relationships; the heterogeneity of the studies making meta-analysis less attractive; key 

information lacking in some papers, e.g., adjustments for obesity, age stratification that is 

not comparable across studies; few studies examining the impact of long sleep duration; and 

few studies of inflammatory markers. Furthermore, little is known about variability in sleep 

patterns or sleep timing. Addressing these weaknesses in future research, however, provides 

guidelines for additional investigation.

Given the state of the field, it may be premature to recommend health policy and service 

delivery changes at this time. The exception is obesity, with the caveat that no clinical trials 

are yet available. Should short, discontinuous, and low quality sleep be related to prevention 

of obesity, there are many ways that sleep can be improved. For example, school start times 

can be delayed to permit more opportunity to sleep. Health care providers can provide 
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materials on improving sleep hygiene and parents and students educated regarding the 

negative effects of poor sleep. Sleep interventions could target obese children.

5. Conclusions

Cardiovascular risk factors emerge in childhood and adolescence and impact long-term 

cardiovascular health. The extent to which sleep characteristics play a role in understanding 

cardiovascular risk in young people is an area of active international investigation. While an 

important topic, substantial challenges exist in addressing the roles of sleep characteristics. 

Sleep patterns change dramatically during childhood and adolescence. Rates of maturation 

vary across boys and girls as well as within gender such that age adjustments and grouping 

by age are not sufficient proxies. Demands of school and home superimpose constraints that 

entrain circadian and sleep patterns that vary by culture. Although general standards for 

optimal sleep exist according to developmental stages, they do not take into account the 

sleep “needs” of the individual based on their diet, activity pattern, environment, and genetic 

make-up. Thus far, cross-sectional evidence provides the bulk of the relevant data we have 

reviewed and no clinical trials are available. Yet hypothesized relationships may be obtained 

in longitudinal data even when they are not obtained in cross-sectional data. Although the 

current state of evidence varies by risk factor, there are enough positive findings, 

particularly in studies employing the more objective measures of sleep and including 

adolescent samples, to provide support for substantial future efforts to understand the links 

between sleep and cardiovascular risk in young people.
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Abbreviations

M mean

NS nonsignificant

MetS metabolic syndrome

BMI body mass index

BP blood pressure, S systolic, D diastolic

MAP mean arterial blood pressure

HR heart rate

CO cardiac output

HF-HRV high frequency heart rate variability

LF-HRV low frequency heart rate variability
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RSA respiratory sinus arrhythmia

HbA1c hemoglobin A1c

HDL-C high density lipoprotein cholesterol

TC total cholesterol

LDL-C low density lipoprotein cholesterol

HOMA-IR homeostasis model assessment of insulin resistance

IGI insulinogenic index of insulin secretion

WBISI whole body insulin sensitivity index

AIRg acute insulin response to glucose

OGTT oral glucose tolerance test

SDB sleep disordered breathing

TST total sleep time

REM rapid eye movement

N3 sleep stage #3

SWS show wave sleep

PSG polysomnography

IOTF International Obesity Task Force

CVD cardiovascular disease

SES socioeconomic status
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Highlights

• We review 55 studies of cardiovascular risk factors, obesity, and sleep in youth.

• There are 39 studies of sleep and risk factors, most of which are cross-sectional.

• In cross-sectional studies, the most consistent evidence links sleep to glucose/

insulin.

• Data from 16 longitudinal studies suggest that short sleep predicts obesity.

• More longitudinal studies that use objective sleep measures are needed.
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Figure 1. 
a. Flow diagram of study selection for sleep and cardiovascular risk factors.

Note: Included studies had a) had a mean sample age of 24 or younger, and b) investigated 

sleep duration, continuity, quality, timing, or sleepiness in relation to one or more of the 

cardiometabolic risk factors (metabolic syndrome, glucose/insulin, lipids, blood pressure, 

cardiovascular stress responses). We also included studies on sleep architecture when 

available. Excluded from review were total or partial sleep deprivation experiments and 

studies that focused exclusively on clinical samples or participants with sleep disorders.

b. Flow diagram of longitudinal study selection for sleep and obesity.

Note: Included studies a) had a mean sample age of 24 or younger, b) were published in 

2011 or later c) were not included in recent reviews of sleep and obesity in youth, and d) 

used a longitudinal design to examine sleep as a predictor of body mass index or adiposity. 
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Excluded from review were total or partial sleep deprivation experiments and studies that 

focused exclusively on clinical samples or participants with sleep disorders.
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Table 3

Results by Sleep Characteristic

Risk Factor Sleep Duration Sleep Quality/Sleepiness Sleep Continuity Sleep
Architecture

Metabolic Syndrome 1 positive 1 null/nonsignificant -- --

1 partial

3 null/nonsignificant

Glucose/Insulin 8 positive (6 short
sleep, 2
curvilinear)1

1 null/nonsignificant 2 positive 2 positive

5 null/nonsignificant

Total Cholesterol, LDL, 3 positive2 3 positive3 -- --

HDL 5 null/nonsignificant

Triglycerides 2 opposite (↓ sleep,
↓ triglycerides)

-- -- --

2 null/nonsignificant

Blood Pressure 8 positive 1 positive 2 positive 1 positive

2 opposite (↓sleep,
↓BP)

2 null/nonsignificant 2 null/nonsignificant

1 partial/mixed

11 null/nonsignificant

Cardiovascular 2 positive 1 null/nonsignificant 1 null/nonsignificant --

Reactivity 2 null/nonsignificant 1 opposite

Heart Rate Variability 2 positive 2 opposite 3 positive --

2 null/nonsignificant 1 null/nonsignificant

1 opposite

1
2 of the 8 positive findings in subgroups only

2
3 of the 3 positive findings in subgroups only

3
2 of the 3 positive findings in subgroups only
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