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Abstract

Purpose of Review—Many of the risk factors for heart disease have recently been shown to
develop during childhood such as left ventricular hypertrophy and fibrous plague lesions. As risk
for cardiovascular disease in children and adolescents has risen, sleep duration has decreased, and
inadequate sleep in children and adolescents has been found to be associated with cardiovascular
disease risk. The aims of this manuscript are to provide an updated systematic review of the
literature assessing sleep, hypertension, and cardiovascular risk and evaluate the strength of the
evidence based on the available research.

Recent Findings—A systematic review was conducted using six databases from January 1,
2015 through March 9, 2018. We sought studies which looked at the relationship between sleep
duration, sleep timing, or sleep quality and outcome variables of hypertension, inflammation,
obesity, glucose or insulin, and lipids in children and adolescents. We found 24 studies which

met our criteria. Nine studies included hypertension as an outcome variable; fifteen included
obesity; thirteen included glucose or insulin; eight included lipids; and three included measures of
inflammation.

Summary—The existing literature on sleep and cardiovascular disease in children and
adolescents is limited and relatively weak. Only one RCT was identified, and the overwhelming
majority of studies had a high risk of bias. The strongest evidence of an association with sleep
is with obesity, hypertension, and insulin sensitivity. Further research using more standardized
methods and objective measures is needed to determine if a causal relationship truly exists
between sleep and cardiovascular risk.
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Introduction

Heart disease is the primary Killer of adult men and women in the USA [1], and risk

factors for heart disease have been shown to develop during childhood. Specifically, research
demonstrated the presence of fibrous plaque lesions at autopsy examination in the coronary
arteries of 33% of 16- to 20-year-old adolescents who died of accidental causes [2]. Left
ventricular hypertrophy, which is an independent risk factor for cardiovascular disease in
adults, has also been shown to be present in childhood. Additionally, rates of hypertension
and pre-hypertension have been increasing among children adolescents since around 1990
[3, 4].

One of the strongest predictors of hypertension in young adults is obesity in childhood

and adolescence [5]. Over the last 30 years, the prevalence of obesity in children and
adolescents has more than tripled [6]. The increased prevalence of obesity has also led to an
increase in cardiovascular risk factors, including type 2 diabetes, hypertension, dyslipidemia,
inflammation, as reflected in markers such as interlukin-6 and C-reactive protein, and
atherosclerotic cardiovascular disease [7, 8]. One study found that 70% of obese children
and adolescents had at least one risk factor for cardiovascular disease, including high blood
pressure and cholesterol [7].

As risk for cardiovascular disease and obesity rates have risen, sleep duration has decreased
[9]. Inadequate sleep in children and adolescents has been found to be associated with
cardiovascular disease risk. Epidemiological studies have shown that short sleep duration
in adolescents and adults is associated with excessive body fat [10]. Additionally, a recent
meta-analysis reports an association between sleep and weight [11], with every added hour
of sleep in adolescents associated with a 9.0% decrease in obesity risk [12].

The association between other cardiovascular disease risk factors and sleep has not received
as much attention as obesity, but there is some evidence suggesting that they may also be
related. Disturbed or short sleep in adults has recently been found to be associated with
glucose intolerance and insulin resistance, and a reduction in acute insulin response to
glucose was demonstrated [13]. In a healthy sample of adolescent males, insulin resistance
was found to be 65% higher after three nights of sleep restriction, and obese adolescents
with short sleep were found to have increased fasting insulin and insulin resistance [14].
Additionally, a recent review of research hypothesized that changes in sleep may also

be associated cardiovascular disease through inflammatory mechanisms. They suggest that
sleep loss leads to endothelial dys-function, which activates pro-inflammatory cytokines
associated with cardiovascular disease [15].

Because the presence of risk factors for cardiovascular disease has more clearly been
identified in children and adolescents over the last 20 years, research assessing contributing
factors is still emerging. Therefore, the relationship between sleep, hypertension, and
cardiovascular risk is not yet clear. Matthews and colleagues conducted an enumerative
review of the PubMed and PsychInfo databases for articles published between 2011 and
2014 that assessed the relationship between sleep and cardiovascular risk in children and
adolescents. They found that strength of the evidence varied based on the risk factor
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and predominately found studies using cross-sectional study designs [16e¢]. Building on

the previous enumerative review, the aims of this manuscript are to provide an updated
systematic review of the literature assessing sleep, hypertension, and cardiovascular risk and
evaluate the strength of the evidence based on the available research.

Systematic Review of the Literature

The following databases were searched for available articles from January 1, 2015 through
March 9, 2018: PubMed, EMBASE, PsychINFO, Scopus, CINAHL, and Cochrane. This
review was registered with the PROSPERO registry: CRD42018090760 and can be viewed
at http://www.crd.york.ac.uk/PROSPERO.

Inclusion Criteria

1. Humans
2. English language articles
3. Studies had to measure sleep duration, sleep quality, timing of sleep, sleep

architecture, or daytime sleepiness

4, Outcomes had to include one of the following: blood pressure, pulse pressure,
mean arterial pressure, BMI, BMI z-score, BMI percentile, waist circumference,
abdominal circumference, percent body fat, fat mass, glucose, insulin, lipids,
C-reactive protein, or interlukin-6

5. Study population was limited to participants 21 years or younger

6. Published between January 1, 2015 and the search date of March 9, 2018.

Exclusion Criteria

Studies which evaluated broad lifestyle interventions were excluded as the unique effect

of sleep could not be evaluated separately. We also excluded studies of participants with
sleep apnea or other sleep disorders and studies of participants with comorbid diseases (e.g.,
asthma, cystic fibrosis, epilepsy).

Study Search Terms

An example of the search syntax used in PubMed is as follows: Child [mh] OR adolescent
[mh] OR child [tiab] OR children [tiab] OR adolescen* [tiab] OR teenager* [tiab] OR
girls [tiab] OR boys [tiab] OR paediatric* [tiab] OR “Pediatrics” [Mesh] OR “Adolescent
Medicine” [Mesh] OR “Adolescent Health” [Mesh] OR “Child Health” [Mesh] OR
“Adolescent Behavior” [Mesh] OR “Child Behavior” [Mesh] AND Sleep [mh] OR sleep*
[tiab] OR “Sleep Wake Disorders” [Mesh] OR insomnia* [tiab] OR hypersomn* [tiab]
OR somnolence [tiab] OR narcolepsy [tiab] OR syssomnia* [tiab] AND Cardiovascular
Disease [mh] OR cardiovascular [tiab] OR hypertens* [tiab] OR prehypertens* [tiab]

OR “Blood Pressure” [Mesh] OR blood-pressure* [tiab] OR metabolic diseases [mh] OR
cardiometabolic [tiab] OR metabolic [tiab].
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Filters applied were: English language.

Study Selection

See the PRISMA diagram in Fig. 1 for the search and study selection process. Studies were
screened by removing duplicates and removing any non-English language articles that were
not screened out by filters applied to the original search. All three authors evaluated articles
by title and abstract to determine if they met inclusion/exclusion criteria before full articles
were retrieved. Full text articles were reviewed by all three authors.

Risk of Bias Assessment

Results

A risk of bias assessment was completed for all included studies. Two authors (ADF, LE)
independently reviewed each paper and evaluated areas of potential risk of bias. Given that
the overwhelming majority of studies included in this review were observational studies,
risk of bias was assessed using the RTI Item Bank. The RTI Item Bank was developed as a
tool for identifying sources of bias and confounding in observational studies. The RTI Item
Bank assesses selection, performance, detection and attrition biases, confounding, selective
outcome reporting, and overall quality of a study. This approach aims to offer an assessment
of how confident (low, medium, or high) the reviewer is that the observed effect in a study
is close to the true effect. Non-randomized/observational studies are assumed to have low
confidence (i.e., high risk of bias), but may be upgraded if they exhibit features which merit
an increase in reviewers’ confidence as outlined in the instructions in the RTI Item Bank
[17]. Discrepancies in ratings were discussed between the two authors until consensus was
reached.

Results of Literature Search

Our initial aim was to only include randomized controlled trial studies in the review in

an effort to better understand the causal relationship between sleep and cardiovascular

risk in children and adolescents. However, since only one randomized controlled trial was
found [18e¢], we expanded our criteria to include any study assessing the relationship
between sleep and cardiovascular risk in children and adolescents. Twenty-four unique
studies from over 10 countries were found that met all search criteria, and populations
included both representative population samples and samples of overweight and obese
children and adolescents. Several of the studies reported results for more than one of our
outcome variables. We found nine studies that assessed the relationship between sleep and
hypertension [19-21, 22+, 23-28]. Fifteen studies were found that assessed the relationship
between sleep and obesity including variables of BMI, BMI z-score, BMI percentile, percent
body fat, and waist and abdominal circumference [19-21, 22¢, 23-25, 27-35]. Thirteen
studies evaluated the relationship between sleep and glucose or insulin [18ee, 20, 21, 22,
29, 33-40], eight evaluated sleep and lipids [20, 21, 22¢, 23, 32-35, 39], and three assessed
sleep and inflammation [20, 41, 42].
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Results of Sleep and Hypertension

Nine studies examined blood pressure or risk for hypertension (Tables 1). Five cross-
sectional studies found a significant negative association between sleep duration and blood
pressure [20, 21, 23, 25, 27]. However, Anjuo et al. only found a significant association
between sleep and blood pressure in African Surinamese and not for other ethnicities [19].
Navarro and colleagues also found a significant association between short sleep and pulse
pressure and mean arterial pressure in ages 7-16 [25]. Peach and colleagues reported a
negative association between sleep duration on school nights and risk for hypertension. In
Derks and colleagues’ longitudinal study, they found that sleep duration at 2 months of age
was significantly associated with systolic blood pressure, but this relationship was no longer
present at 6 years [22¢]. Another longitudinal study reported a significant gender interaction
in which longer sleep duration was associated with greater systolic blood pressure in females
and lower levels of both systolic and diastolic blood pressure in males [26]. Only one study
found no significant association between sleep duration and blood pressure [24].

Results of Sleep and Obesity

Of the fifteen studies that assessed sleep and obesity, thirteen found a significant relationship
(Table 2). Eight cross-sectional studies reported a significant negative association between
sleep duration and BMI, BMI z-score, or BMI percentile [19-21, 25, 27, 32, 34, 35] while
one cross-sectional study found that greater BMI z-score was associated with later weekend
bedtime and greater shift in bedtime between weeknights and weekends [31]. Deacon

and colleagues conducted a multi-staged cluster survey and found a negative association
between sleep duration and BMI z-score [30]. Additionally, Derks and colleagues reported
that sleep duration at age 2 months significantly predicted BMI at age 6 years [22¢]. Four
studies reported a negative relationship between sleep duration and waist circumference [20,
21, 25, 32], and a negative relationship was found between sleep quality and abdominal
circumference in Gonzaga and colleagues’ cross-sectional study [23]. Three studies also
found a significant relationship between sleep duration and fat percentage [25, 32, 34].

While the majority of the studies found a significant association among sleep and obesity,
two studies found no evidence of a relationship. A cross-sectional study by Morita et al.
found no significant association between sleep duration and BMI, and a cohort study found
no significant associations between sleep duration and BMI or waist circumference [24, 33].

Results of Sleep and Glucose and Insulin

Results of the studies assessing sleep and glucose and insulin are mixed (Table 3). Zhu

and colleagues found a negative association between glucose and sleep duration, sleep
efficiency, and percent of total sleep time in stage 3 [40]. However, three other studies
found no relationship between sleep duration and glucose [18ee, 33, 39]. However, one
study demonstrated that higher salivary glucose levels were a positive partial mediator in the
relationship between waist circumference and bedtime [29].

Of the four studies that evaluated sleep and insulin, three found no significant association
[18ee, 20, 22¢]. Sluggett and colleagues found that short sleepers were more likely to have
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hyperinsulinemia, but the association was no longer significant after controlling for age, sex,
chronic disease, education, and income [35].

The results of studies assessing sleep and insulin sensitivity are heterogeneous. Two
studies reported the greatest HOMA-IR levels among children and adolescents who did
not receive adequate sleep, one in a normative sample and one in a sample with obesity [38,
39]. Rudnicka and colleagues found a negative association between HOMA-IR and sleep
duration [34]. However, Dorenbos and colleagues found a negative association between
HOMA-IR and sleep duration and efficiency among a sample of adolescent girls with
overweight and obesity but not boys, and they accounted for 59 and 58%, respectively,

of the variance in HOMA-IR [36]. Another study reported a negative association between
HOMA-IR and time spent in stage 3 sleep suggesting that the relationship may vary by
sleep architecture [37]. Conversely, two studies reported a positive relationship between
sleep and insulin sensitivity. One study found that sleep deprivation was associated with
lower HOMA-IR [21], and another found that lower sleep duration, sleep efficiency, and
time spent in stage 3 sleep were positively associated with insulin sensitivity and insulin
secretion—sensitivity index-2 [40].

Results of Sleep and Lipids

Results on the association between sleep and cholesterol are heterogeneous (Table 4). Sleep
duration was found to be negatively associated with HDL in later childhood by Plumptre
and colleages [33]. Another study found an interaction with age in which HDL was highest
among those that slept between 9 and 10 h in 10-13-year olds, but in 14-15-year olds, it was
highest among those that slept less than 8 h on average [39]. Derks and colleagues reported
that shorter sleep at 6 months was associated with higher HDL, but this association was not
present at 6 years after adjusting for BMI [22¢]. Conversely, normal weight adolescents who
were sleep deprived have also been found to have significantly lower HDL, but there was

no effect for adolescents who were overweight or obese [21]. A positive association between
sleep and HDL was also reported by Li et al. [32]. Three cross-sectional studies found no
association between sleep duration and HDL [20, 34, 35]. None of the five studies which
assessed the relationship between sleep and triglycerides found a significant effect [20, 21,
33, 34, 39].

Results of Sleep and Inflammation

Only three studies measured the relationship between sleep and inflammation (Table 5). One
study found that shorter weekday sleep duration on school nights was associated with a
greater likelihood of being in the C-reactive protein high risk group, and those who obtained
greater than 2 h of catch up sleep on weekend nights were twice as likely to be in the
C-reactive protein high-risk group [18e¢]. Jakubowski and colleagues demonstrated that a
greater proportion of days napped was associated with greater interlukin-6, but they found
no relationship between napping and C-reactive protein [42]. Carson and colleagues also
found no relationship between C-reactive protein and sleep duration [20].
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Results of Risk of Bias

The overwhelming majority of studies included in this review presented with high risk of
bias. Of the 24 studies included in the review, only one (Shaw [18e¢]) merited low risk of
bias, and only 3 were found to have moderate risk of bias (Algaderi [29], Dorenbos [36],
Pacheco [37]). Much of the existing bias within these studies is due to the nature of the
design of the study, with the majority of them being cross-sectional or longitudinal studies
without a control or comparison group.

Discussion/Observation

This systematic review of the association between sleep, hypertension, and cardiovascular
risk in children and adolescents demonstrated several findings. First, the strongest evidence
of a relationship with sleep is with obesity, hypertension, and insulin resistance. Of

the 15 studies that measured obesity, 13 found a significant relationship with sleep
regardless of measure of sleep (bedtime, sleep duration, etc.) or obesity (BMI z-score,
waist circumference, etc.). It is noteworthy that although the relationship between sleep and
obesity has been the most commonly assessed over the last decade [16<¢] and despite calls
for increased randomized trials [11], there were no randomized controlled trials assessing
the causal mechanisms in the last 3 years, and all of the studies relied on self- or parent-
report of sleep as opposed to objective measures.

There was also consistent evidence of a relationship between sleep and hypertension,
regardless of age. One study demonstrated that sleep at 2 months can have at least a
short-term effect on blood pressure [22¢]. Specifically, both systolic blood pressure [20, 22,
25, 26] and diastolic blood pressure [23, 26] seem to be related to sleep duration and quality.
Only one study found no relationship between sleep and blood pressure [24].

There is not strong evidence of a relationship between glucose or insulin and sleep.
However, there appears to be a link between insulin resistance and sleep. Of the seven
studies that assessed insulin sensitivity, all of them found an association with sleep, but the
direction of the relationship was inconsistent. This did not appear to be affected by weight
status or method of measuring insulin sensitivity.

There is no evidence of a relationship between sleep and triglycerides, and evidence on the
relationship between sleep and HDL is inconsistent. Several studies found no relationship
between sleep and HDL, but this could be due to differences in age or weight status, which
was suggested by several of the studies [21, 22, 39]. Finally, there are few studies assessing
the association between sleep and inflammation.

Despite the significant impact of cardiovascular disease and the large amount of
correlational data supporting the relationship between sleep and cardiovascular risk factors,
to our knowledge, only one randomized controlled trial addressing the casual relationship
among these variables was published in the last 3 years. This is surprising, especially given
that the association between sleep and obesity has been well-established for a number of
years and previous meta-analyses have called for more randomized trials [11]. Even among
the longitudinal and cross-sectional studies, very few use objective measures of sleep and

Curr Hypertens Rep. Author manuscript; available in PMC 2021 October 13.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Fobian et al.

Page 8

instead rely on self-report, and the majority of studies we reviewed were found to have

high risk of bias. Therefore, based on current research, we are unable to make conclusions
about the direction of the relationship among sleep and cardiovascular variables. It is
unclear if intervening on children and adolescents’ sleep duration would improve obesity,
hypertension, or insulin sensitivity or if it might enhance current treatments. Future research
should utilize more rigorous research methods including conducting randomized controlled
trials and objective measures of sleep such as polysomnography or actigraphy.

Although a few of the studies assessed the effects of later bedtime, most studies did

not assess the effect of obtaining too much sleep or the circadian timing of sleep. Most
adolescents go to bed late and are then unable to obtain adequate sleep due to school.
However, studies in adults suggest that circadian misalignment could have a negative effect
on cardiovascular risk [43].

This review has many strengths. First, we provided a systematic review of the literature

over the last 3 years to provide an updated overview of our current knowledge on the
relationship between sleep and cardiovascular risk in children and adolescents. To our
knowledge, this is the first systematic review that assessed all cardiovascular risk factors,
including obesity, hypertension, insulin, glucose, insulin sensitivity, and inflammation. We
also provided a clear picture of the populations and methods of the recent research on this
topic. Weaknesses include the lack of randomized controlled trials to assess for causality and
few longitudinal studies, use of self-report of sleep, inconsistency in measures used (e.g.,
HOMA-IR vs. insulin secretion—sensitivity index-2), few comparisons of outcomes based on
SES or race, and lack of assessment for circadian misalignment or obtaining greater sleep
than recommended. These issues should be addressed in future research.

In conclusion, this systematic review highlights cross-sectional and some longitudinal
evidence from the last 3 years suggesting that sleep duration or quality is associated with
obesity, hypertension, and insulin resistance. The results of this review call for additional
research using more standardized methods and objective measures in order to determine if a
causal relationship truly exists between sleep and cardiovascular risk.
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