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Summary

In recent years, strong evidence has emerged suggesting that insufficient duration, quality, and/or
timing of sleep are associated with cardiovascular disease (CVD), and various mechanisms for this
association have been proposed. Such associations may be related to endophenotypic features of
the sleep homeostat and the circadian oscillator, or may be state-like effects of the environment.
Here, we review recent literature on sleep, circadian rhythms and CVD with a specific emphasis
on differences between racial/ethnic groups. We discuss the reported differences, mainly between
individuals of European and African descent, in parameters related to sleep (architecture, duration,
quality) and circadian rhythms (period length and phase shifting). We further review racial/ethnic
differences in cardiovascular disease and its risk factors, and develop the hypothesis that racial/
ethnic health disparities may, to a greater or smaller degree, relate to differences in parameters
related to sleep and circadian rhythms. When humans left Africa some 100,000 years ago, some
genetic differences between different races/ethnicities were acquired. These genetic differences
have been proposed as a possible predictor of CVD disparities, but concomitant differences in
culture and lifestyle between different groups may equally explain CVD disparities. We discuss
the evidence for genetic and environmental causes of these differences in sleep and circadian
rhythms, and their usefulness as health intervention targets.
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Introduction

Anatomically modern humans first emerged from Africa at least 70,000 years ago, and
began to colonise the other continents. There are reasons to hypothesise that differences in
parameters related to circadian rhythms and sleep evolved as groups of humans gradually
moved away from the equatorial zone in the direction of the poles and settled there [1], just
as the different light conditions favoured a loss of skin pigmentation. Indeed, polymorphisms
in specific genes have been reported to associate with photoperiod, and signatures of positive
selection detected [2]. After millennia of gradual expansion, our species has experienced
some profound rapid changes during the last few centuries [3]. Voluntary and forced
migration has moved individuals and groups from the environments to which their ancestors
had adapted over generations into different environments and living conditions, and where
previously separate populations are now undergoing an unprecedented and accelerating
degree of admixture.

The last few centuries have also been characterised by the gradual transition from an
agrarian to an industrial society, which has afforded unprecedented benefits as well as novel
challenges to human health. This transition, where the major causes of death have shifted
from nutritional deficiency and infectious disease to degenerative chronic disease —
cardiovascular disease (CVD), diabetes, and cancer — has been named “the epidemiologic
transition” [3]. This transition is still ongoing in many countries and regions. An important
contributor to this increase in chronic diseases is change in diet. Our behavioural drives
evolved to maximise intake of precious energy-rich nutrients whenever available, but today,
many of us have almost unrestricted access to high-calorie foods.

Parallel to the epidemiologic transition, affordable electricity has emerged, which first
enabled us to keep our homes lit regardless of the external photoperiod, and then provided us
with endless options for work and distractions at any hour of the night and the day. This has
long been considered to have caused a decrease in the length and a shift in the timing of
sleep. A recent study of hunter-gatherer societies [4] showed less total sleep in a community
that had recently been connected to the electrical grid than in a community that had not. And
whilst there is no reliable evidence suggesting a decrease in average sleep time during recent
decades, there is stronger evidence that the proportion of short sleepers has increased [5] and
that there has been a significant decrease in sleep amongst adolescents [6,7]. It can also be
hypothesised that the intensive forced mass migration of Africans to Northern and (even
more prominently) Southern latitudes of the Americas [8] may, in addition to the social
inequalities rooted in the aftermath of slavery, also convey physiological maladaptations to
high-amplitude photoperiods that need to be understood in order to be mitigated [1]. The
situation is further complicated by socioeconomic stratification of racial/ethnic groups
within societies, making it complex to disentangle to which extent observed differences are
caused by genetic traits or states associated with environmental variables.

In public health terms, the most dramatic fallout of the epidemiological transition has been
an increase in CVD, which is now the main cause of disability and death in the modernised
world. The global cost of CVD is around US$900 billion, and, as the world population ages,
this figure is set to rise to over US$1,000 billion by 2030 [9]. CVDs include a number of
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diseases of the heart and circulation such as coronary heart disease and stroke, alongside
hypertensive, inflammatory, and rheumatic heart disease. A fundamental need to understand
the root causes of CVD prevalence remains, and much of our knowledge about prevention is
owed to the pioneering Framingham study [10]. This longitudinal cohort study identified a
number of potentially modifiable risk factors — high levels of cholesterol and triglycerides,
hypertension, diabetes, high adiposity, obesity, smoking, unhealthy diet, and lack of physical
activity. Although the vast majority of the Framingham cohort consists of middle class
individuals of European descent, the main findings of the study have been confirmed, and
gained universal acceptance [11]. Although treatment for CVD has also improved
considerably over the last decades; CVD remains a major cause of morbidity, and the well-
known principle that prevention is better than cure holds true for CVD, particularly as the
accessibility of pharmacological or surgical interventions is neither universal nor without
risk. Nonetheless, current modifiable risk factors for CVD, such as diet and physical activity,
are notoriously difficult to change. Therefore, there is a pressing public health need to
understand whether other potentially modifiable targets may also reduce CVD risk,
particularly among groups disproportionately burdened by disease. Here, we discuss the case
for sleep and circadian rhythms as modifiable targets. This discussion probably defines at
least as many gaps in current knowledge (summarised in the Research Agenda) as it fills.
The aim of this review is not only to identify the differences between different groups of
people which could potentially be attributed to genetically determined physiological
differences, but also to convey an appreciation of the many non-genetic factors, such as
environment or culture, that could potentially explain the same observations wholly or in
part. Either way, it is intended that the review will help make the case for additional research
that includes novel population groups and methodologies.

Circadian rhythms and sleep and their importance to human health

Endogenously generated through transcriptional and post-transcriptional networks of
specific clock genes, circadian rhythms enable organisms to actively anticipate, as opposed
to passively react to, the predictable changes that occur across the 24-hour day:night cycle.
In real-life conditions, circadian rhythms are continuously entrained by external signals,
known as Zeitgebers, most prominently by light. Circadian rhythms are of fundamental
importance to human health. Prominent effects on the body include an impact on sleep-wake
cycles, hormone release, body temperature, and metabolism. Continuous entrainment of the
circadian clock is required not only because of the variability in photoperiod in non-
equatorial regions, but also because the internal period length of the oscillator is not exactly
the combined length of a day and a night. In humans, it shows a normal distribution around
an average of 24.2 h [12]. Modern life, however, does not replicate the daily patterns of our
ancestors, around which the entrainment mechanisms of Zeitgebers evolved. We spend often
considerable amounts of time indoors, and many of us work shifts with nocturnal and/or
irregular hours. Thus, our 24/7 society induces a high prevalence of social jetlag, a
discrepancy between endogenous circadian clocks and socially imposed external ones [13].

The circadian phase of physical inactivity is augmented by sleep, a specialised programme
of reversible uncoupling from external stimuli involving different stages defined by specific
electrophysiological signatures. Sleep is closely linked to circadian rhythms. In addition to
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its profound and obvious behavioural manifestations, sleep and its transition into and out of
wakefulness also have manifestations on the molecular and physiological level that are
independent of the effects of circadian rhythms on both metabolic and endocrine function
[14].

The relationship between circadian rhythms, sleep and cardiovascular disease

Circadian rhythm and cardiovascular health—Circadian rhythms have been
associated with CVD and its risk factors, including diabetes (which is outside of the scope of
this review) and obesity, on multiple levels. Cardiomyocyte metabolism is under circadian
control [15], and circadian and diurnal rhythms are, in turn, observed in blood pressure,
heart rate, and platelet aggregability, as well as in the incidence of multiple categories of
CVD [16]. This has inspired multiple lines of investigation of the relationship between
circadian disruption and cardiovascular risk factors and health outcomes.

A glimpse of the effects of circadian maladaption on CVD can be gained from studies of
shift work, which is associated with both circadian disruption and sleep loss. Prevalence
estimates of just under 20% have been reported for shift work in the industrialised world
[17]. Although the general label “shift work” encompasses a multitude of different
schedules, which vary in their degrees of circadian maladaption, sleep deprivation, and other
confounding factors, many studies have observed that shift work is associated with
impairments in health. Observational evidence has demonstrated that shift work is associated
with an overall increased risk of death, prominently by causes related to CVD. For example,
the Nurses’ Health Study examined the relationship between night shift work and all-cause
or CVD mortality. Six or more years of rotating night shift work was associated with an 11%
increase in risk of all-cause mortality, whereas the risk of CVD mortality was increased by
19% for 6 to 14 years rotating night shift work and 23% for 15 or more years [18]. In
parallel to these findings, shift work is also associated with several cardiometabolic diseases
and their risk factors. These have recently been reviewed elsewhere [18].

Experimental studies have also made important contributions to our understanding of the
effects of circadian disruption on cardiovascular risk factors. A key report was based on a
10-day experiment where 10 participants underwent a forced desynchronisation protocol
with a 28-hour day-night cycle. Circadian disruption was associated with a significant
increase in leptin, insulin, and glucose, a reversal of the daily cortisol rhythm, and an
increase of 3 mm Hg in mean arterial pressure during the hours of wakefulness [21]. Other
forced desynchrony experiments have identified that circadian misalignment reduces the
thermal effect of feeding energy expenditure and total daily expenditure [22], resting
metabolic rate [19], as well as a six-fold reduction of rhythmic transcripts in the human
blood transcriptome [23].

Modest shifts in circadian phase have also been found to have cardiometabolic effects and
increase overall risk profile. The one-hour shift associated with the onset of daylight savings
(summer) time has been associated with a 6—10% increase in myocardial infarction rates
[24]. Adolescents and adults with delayed chronotypes have had poorer dietary habits [25]
and higher measures of adiposity [25][26]. Evening chronotypes are also associated with an
increased risk of metabolic disorders [26].
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The timing of meals has been previously shown to predict the effectiveness of weight loss
[27], and later sleep timing has been associated with social jetlag [13]. The health effects of
social jetlag are widespread and include numerous risk factors for CVD events such as
reduced levels of high-density lipoprotein, higher cholesterol levels, higher triglycerides,
higher fasting plasma insulin, insulin resistance [28] and obesity [29].

Sleep duration and quality, and cardiovascular health: Observational studies
—The evidence for a relationship between insufficient sleep and CVD is well established
[30]. Prospective epidemiologic studies have found that shorter sleep duration is associated
with incident hypertension and incident coronary artery calcification, a predictor of the
development of coronary heart disease. For example, the US-based Coronary Artery Risk
Development in Young Adults (CARDIA) study identified a link between short sleep
duration and hypertension with 37% higher odds of incident hypertension per hour decrease
in average nightly sleep [31]. The Nurses’ Health Study [32] found a significantly increased
risk of incident coronary heart disease over 10 years associated with short (<5 h/night) and
long (=9 h/night) self-reported sleep duration. Such results are typical of the field; a
systematic review and meta-analysis of 15 prospective cohort studies (almost 475,000
adults) found that compared to 7—38 hours sleep, short and long sleep duration was
associated with increased risks of coronary heart disease and stroke [33].

The most common sleep disorders are obstructive sleep apnoea (OSA) and insomnia, each of
which affects some 15% of the population. Although more prevalent in the obese, OSA has
negative effects on cardiovascular health outcomes (increased cardiovascular disease risk,
including hypertension, atherosclerosis, stroke and cardiovascular mortality) that are
additive to those caused by obesity alone. The relationship between OSA and CVD has been
reviewed elsewhere [34] and falls outside of the scope of this review. Laboratory studies
reviewed here excluded people with OSA wherever possible. Insomnia is characterised by
chronic difficulties in initiating or maintaining sleep, and may thus affect both the quantity
and the quality of sleep. Insomnia has been repeatedly associated with increased
cardiovascular risk [35]. These trends were further confirmed in a recent population-based
study, finding that over the course of 11 years, individuals with insomnia were three times
more likely to develop heart failure compared to those without insomnia symptoms [36].

Epidemiological evidence for an association between CVD and poor sleep quality has also
emerged. A 12-year follow up study of over 1,900 middle-aged individuals in Sweden found
that sleep complaints predicted coronary artery disease mortality in males [37]. Low sleep
efficiency has also been associated with a blunted nocturnal dip in systolic blood pressure, a
risk factor for CVD, in normotensive adults [38]. While sleep duration and sleep quality may
share underlying mechanisms, cross-sectional evidence has indicated that these two sleep
characteristics do not necessarily overlap. The Behavioral Risk Factor Surveillance System
(BRFSS) study of over 30,000 participants attempted to understand whether cardiometabolic
outcomes were more related to sleep duration or perceived sleep insufficiency. Taken in
isolation, subjective sleep insufficiency was associated with BMI, obesity and
hypercholesterolaemia, whereas sleep duration was associated with all outcomes tested
including BMI, obesity, hypercholesterolaemia, diabetes, heart attack and stroke. Examining
both sleep duration and insufficiency together within the same model identified that both had
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unique effects on hypertension, and that sleep duration alone accounted for the risk of heart
attack and stroke (both short and long sleep duration) BMI and obesity (short sleep duration)
[39].

Sleep duration and quality, and cardiovascular health: Experimental studies—
Experimental studies that manipulate sleep in a laboratory setting are useful because the
conditions can be carefully controlled and measurements are often very reliable and precise
(e.g. polysomnography). However, their ability to inform effects on long-term outcomes
such as weight gain or development of chronic disease is limited. Nonetheless, such studies
can measure cardiovascular function, which allows a degree of extrapolation. For example, a
study in mild to moderately hypertensive patients who were randomised within a crossover
study design to have acute sleep deprivation during the first part of the night or a full night’s
sleep one week apart. During the sleep deprivation day, the mean 24-hour blood pressure
and heart rate and levels of urinary adrenaline were higher when they were sleep deprived
[40]. These findings have been replicated elsewhere, and atrial baroreflex resetting was
identified as the mechanism mediating the effect of sleep deprivation on increased blood
presssure [41]. Another experimental study found that sleep debt resulted in reduced glucose
tolerance, increased evening cortisol levels and increased activity of the sympathetic nervous
system [14]. Experimental studies that impaired sleep quality without reducing total sleep
time observed increased cortisol levels and sympathetic nervous system activity [42].

Mechanism for the impact of sleep and circadian rhythms on cardiovascular
health—Taken together, the evidence for a relationship between sleep, circadian rhythms
and CVD is considerable. Whilst circadian processes are present in all cells of the body, the
effects of sleep on the peripheral body will by definition be indirect. Although our
understanding is incomplete, many of the proposed mechanisms involve modulation of the
hypothalamus-pituitary-adrenal (HPA) axis and have been reviewed recently [42]. For
activation of the HPA axis, there is strong evidence to suggest that cortisol levels are an
important predictor of sleep duration and quality across different ethnic groups in that
shorter sleep duration, lower sleep efficiency, and insomnia were associated with changes in
the diurnal cortisol levels [45]. Sleep deprivation causes constriction of blood vessels and
increased signalling from endothelial cells, and indirectly, through the activation of immune
cells, increase in insulin resistance, and adipose tissue signalling, which collectively are
predictors of metabolic syndrome, diabetes, and obesity [43]. Circadian rhythms have been
observed /in vivoin the expression of multiple human genes, and perturbation of these
expression patterns have been observed both in circadian desynchrony [23] and in partial
sleep deprivation [46].

The complex concept of race and ethnicity

The distinction between the definitions of “race” versus “ethnicity” is not clear, varies across
and even within countries, and has varied across time. Ethnicity typically takes into account
geographical ancestry, skin tone and other physical traits, as well as culture, history, and
religion [47], and often has more categories than race. Further, there is considerable ongoing
debate as to the degree to which races and ethnicities are social or biological constructs
[47,48]. For example, the American Anthropological Association’s statement on race argues
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that disparities between groups are not biological, but due to social and historical factors
[49]. Genetically, the issue of race is very intricate, as there are no known combinations of
genes which can define specific biological races, and in reality, there can be more genetic
variability within a single race than between different ones [50]. Complicating matters
further, within a society, race/ethnicity is difficult to disentangle from socio-economic status
and environmental conditions. Throughout this review, we will use the binomial “race/
ethnicity”. Further, it is important to note that the broad racial/ethnic categories used in most
of the literature, including “black”, “white”, “Hispanic/Latino” and “Asian”, are very
heterogeneous groups. People grouped under a single race/ethnicity may differ considerably
not only in genetic background, but also in primary language use, country of origin,
immigration, cultural practices and socioeconomic backgrounds. Indeed, racial/ethnic
categorisation will always be imprecise [51]. Understanding the roots of disparities in health
will ultimately require a more nuanced understanding of these differences within as well as
between these broad racial/ethnic groups.

None of these issues have made the writing of this review any easier. More often than not,
we have referred to published data using the terminology of the authors, so long as the
geographical, social, and historical context of the groups described can be inferred by the
reader. Where we diverge from the terminology of our sources, this has been introduced in
the interest of clarity, or in order to avoid the use of incorrect and archaic verbiage (e.g.
“Caucasian”).

Race/Ethnicity and cardiovascular disease

Racial/ethnic disparities in cardiovascular disease—There is ample evidence for
substantial and persistent disparities between racial/ethnic groups in cardiovascular disease
and associated risk factors, such as obesity and diabetes. Epidemiological evidence has
indicated that there are racial/ethnic differences in CVD mortality. For example, in US data
from 2010, African-Americans had the highest age-adjusted CVD mortality (224.9/100,000)
followed by non-Hispanic Whites (179.9/100,000), Hispanic/Latinos (132.8/100,000) and
Americans of East Asian descent (100.9/100,000) [52]. By contrast, in the UK, individuals
of Afro-Caribbean ancestry have lower rates of mortality caused by ischaemic heart disease,
but higher rates of stroke mortality compared to those of European ancestry [53].
Corroborating evidence for ethnic differences in CVD and associated risk factors has also
been established in Canada where mortality rates from ischaemic heart disease were higher
in people of European or South Asian descent than in people of Chinese descent [54].

CVD risk factors and race/ethnicity—The main risk factors for CVD, include
hypertension, high cholesterol, obesity, diabetes, and smoking, vary by race/ethnicity, which
may partly explain disparities in CVD. For example, US-based studies have found
prevalence of hypertension to be substantially higher among African-American adults than
among European-Americans [55,56]. A study of 457 African-Americans associated
objectively measured skin colour with blood pressure —including a finding that darker
skinned individuals have higher blood pressure (an increased by 2 mm for every 1 standard
deviation increase in skin darkness) [57]. In the UK, most studies have reported higher rates
of hypertension among Afro-Caribbean and South Asian groups, but not all studies have
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seen racial/ethnic differences, which may be due to more recent immigration of the minority
groups [58]. Drawing comparative conclusions from different studies performed in different
countries is complicated by the fact that ethnic minorities have lived for generations in some
countries, but immigrated within the lifetime of the mature individuals in others.

There is evidence that cholesterol levels vary by race/ethnicity, but measures known to
indicate elevated risk — high total, high LDL or low HDL — vary between studies. Figures
collected for the US National Health and Nutrition Examination Survey (NHANES) 2009—
2010 found that Hispanic males had a greater prevalence of high total cholesterol compared
to whites and blacks (14.8% vs. 11.5% and 8.8%) [59]. This pattern was not true for women
where European-Americans were more likely to have high total cholesterol (15.3%) when
compared to African-Americans (10.9%) and Latinos (13.7%). For LDL cholesterol, 38.8%
of male Latinos had high values compared to 30.7% for African-Americans and 29.4% for
European Americans [59]. In women, results were somewhat different, with high LDL
cholesterol observed in 33.6% of African-American women, 31.8% of Latinos women and
32.0% of white women. Somewhat surprisingly, multiple population based studies have
found that higher HDL levels are more likely to be found in blacks than in whites including
studies from the United States, Canada and the UK (Afro-Caribbean vs. white) [60]. Thus
taken collectively, the relationship between race/ethnicity and cholesterol is complex, but
reported differences have been repeatedly observed.

In the US, the prevalence of obesity (BMI>30) varies by race/ethnicity, especially among
women [61]. For example, the prevalence of obesity in Asian-Americans is 4.8%, whereas
for African-Americans, it is 34.8% [61]. Sedentary behaviour is also understood to vary by
ethnicity, being more common in African-Americans and Hispanic/Latinos compared to
European-Americans [59,62]. A study of over 30,000 individuals identified that racial/ethnic
minorities were less likely to engage in healthy exercise and dietary behaviours than
European-Americans, noting that differences were most pronounced in middle age [63].
Thus, there is growing evidence of ethnic differences in obesity and its risk factors.

In the UK, ethnic minorities are more likely to smoke than the general population, and may
be less likely to quit [64]. 37% of Afro-Caribbean men and 36% of Bangladeshi men are
estimated to smoke regularly, compared to 27% of white English. Conversely, white women
were more likely to smoke compared to women of all other ethnicities. In the US, Hispanics
and people of Asian descent are the most likely to smoke (31.2% and 29.1% respectively)
compared to whites (16.9%), blacks (18.6%) Native Americans/Alaska Natives (8.6%) and
multiracial individuals (12.6%) [65]. Thus, although cigarette smoking is an important risk
factor for CVD, the relationship between race/ethnicity and smoking varies by country and
by sex [59].

An important environmental factor leading to health disparities is differential socioeconomic
status, which is associated with access to resources including healthcare [66]. Higher levels
of education are also associated with healthier lifestyles and education is usually lower in
disadvantaged racial/ethnic groups [67]. Evidence that CVD disparities may be mainly due
to environmental rather than genetic factors comes from studies comparing African-
Americans to Africans. For example, the age-associated rise in hypertension was twice as
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high in African-Americans as in West African populations [68]. Further, it has been
suggested, based on a study performed in Brazilians of African descent, that greater cultural
consonance, “the degree to which individuals are able to approximate in their own behaviors
the prototypes for behavior encoded in shared cultural models”, is protective against
hypertension [69]. A study in Puerto Rico reported that for adults with a low socioeconomic
status, darker self-reported skin colour was associated with higher blood pressure, while
conversely, for adults of high socioeconomic status, darker self-reported skin colour was
associated with lower mean blood pressure [70].

As summarized, a growing body of scientific work has identified racial/ethnic differences
across an array of CVD events and outcomes that remain after the adjustment for covariates
such as age, sex, education and socioeconomic status, and that the difference between blacks
and whites in the United States is in fact widening [67]. Therefore, there is an urgent need to
disentangle the environmental and genetic influences that drive these disparities, in order to
develop ways in which they can be alleviated.

Racial/Ethnic differences in circadian rhythms and sleep

Circadian rhythms—The Eastman group in Chicago studied racial/ethnic differences in
the circadian period (fau) (a trait known to have a heritability approaching 100% across
vertebrates [71]) and phase shifts across two different races/ethnicities. Participants
underwent a forced desynchrony protocol with an ultrashort day length for 3 days [72].
African-Americans were reported to display a shorter average circadian period than
European-Americans by around 0.2 h. A subsequent study with increased power, reported a
larger difference in circadian period of 0.3 h [1]. To put the magnitude of these difference
into perspective, the standard deviation in human circadian period has been reported to be
0.13 h [12]. Differences were also found between African-Americans and European-
Americans in the size and direction of phase shift.

A very recent report took advantage of the very substantial UK Biobank dataset (439,933
individuals) [73]. Based on self-reported race/ethnicity, sleep timing and chronotype (based
on a single-question), black participants in this UK-based sample had double the prevalence
of short sleep duration (5 to 6 hours) and were 1.4 times more likely to characterise
themselves as morning or intermediate types than participants describing themselves as
white.

Thus, there is evidence that racial/ethnic differences in fav are related to the photoperiod of
ancestral origin — African populations close to the equator would have more regular
photoperiods than their European counterparts.

Sleep—Sleep duration has repeatedly been found to differ by race/ethnicity. The well-
established increased risk of short or long sleep duration in African-Americans as compared
to European-Americans [74] has recently also been confirmed in Latinos [75] whereas
Chinese-Americans have an increased reported risk of short sleep duration [76]. Another
study also reported that African/Caribbean immigrants slept less than European-Americans
[77]. A recent Chicago-based epidemiological study compared objectively estimated sleep
duration and quality, and subjective sleep quality amongst non-Hispanic whites, African-
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American, Asian-American and Hispanic/Latinos [78]. All three minority groups had shorter
average sleep durations, and African-Americans had poorer objective and subjective sleep
quality after adjustment for several sociodemographic and health characteristics.

A meta-analysis of 14 studies (encompassing 4,166 individuals) found that differences in
total sleep time, sleep efficiency, and sleep latency between African-Americans and
European-Americans were only present in community-based studies, but not in studies
where participants were examined in a laboratory setting where time in bed is controlled. By
contrast, differences in sleep architecture with African-Americans having relatively less
slow-wave sleep and more Stage 2 sleep, were consistent regardless of sampling location,
with African-Americans having relatively less slow-wave sleep and more Stage 2 sleep [73].
Other studies have reported relatively less slow-wave sleep and more Stage 2 sleep in
African-Americans than in European-Americans, and that this difference may be explained
in part (but not entirely) by racial discrimination [80,81]. Thus, the published literature
suggests that racial/ethnic differences attributable to environmental factors disrupting sleep
onset and maintenance may be reversible, whereas differences related to sleep architecture
(another highly heritable trait [82]) appear less so. In a more recent community-based study,
markers of genetic ancestry were used to determine the relative contributions of African
ancestry to sleep architecture in older African-Americans. This study, which controlled for
multiple factors including socio-economic status, confirmed the association between higher
African ancestry and lower proportion of slow-wave sleep, and did not find any association
with sleep duration or efficiency [83,84]

The finding that racial/ethnic differences in sleep parameters attributable to disruptive
factors seem to disappear when moving the study from a community setting to a laboratory
setting suggests very strongly that some disparities in sleep are, in principle, potentially
modifiable if adequate time in bed is possible. Equally, it appears that differences in sleep
architecture may have a genetic component. Racial/ethnic differences in sleep-related health
outcomes may be attributable, in part, to these differences in sleep, and may, in consequence,
be more or less modifiable for the same reasons.

Circadian rhythms and sleep: potential mediators of racial/ethnic disparities in CVD

Circadian rhythms and sleep mediating differences in CVD risk—Considering
the substantial evidence of racial/ethnic differences in both studies of sleep and circadian
rhythms and in studies of CVD risk, here we present the arguments why sleep and circadian
rhythms may be mediating the racial/ethnic disparities in CVD. One cornerstone of such an
argument is that coincident differences in circadian rhythm and CVD have been found in
specific races/ethnicities. The timing of myocardial infarction (MI) has been found to be
ethnicity dependent across Indo-Asians and Mediterranean Europeans. A significantly
higher number of acute MI onset occurred between midnight and noon in white and Indo-
Asian individuals in the UK). In contrast, Mediterranean Europeans showed the converse
pattern, with most of the acute M1 events happening between noon and midnight [85].
Similar coincident racial/ethnic differences in cardiovascular function and circadian rhythms
have been found elsewhere: African-Americans are more likely to be non-dippers (<10%
drop in systolic pressure during sleep) compared to European-Americans, and this difference
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was exacerbated in night shift workers, suggesting that different race/ethnicities may be
differentially impacted by circadian misalignment [86].

Epidemiological evidence suggests racial/ethnic differences in the association between sleep
and CVD risk factors as well as CVD-related health outcomes. For example, a crosssectional
study of 29,800 individuals in the US National Health Interview Survey found that compared
to sleeping 7 to 8 hours, long sleep (>9 h) was associated with a 48% increased risk of being
obese for African-Americans whereas for European-Americans long sleep was associated
with a 23% decrease in being obese. Compared to those sleeping 7 to 8 hours, African-
Americans have a 78% increased odds of being obese with short sleep (<6 h) compared to
their American-European counterparts [87]. Data from the Hispanic Health and Nutrition
Examination Survey found a significant association between shorter self-reported sleep
duration and increased BMI in Mexican-Americans but not Cuban-Americans or Puerto
Ricans [88]. These results further emphasize that broad heterogeneous racial/ethnic
categories, such as Hispanic/Latino, may limit our ability to detect vulnerable groups.
Another study that compared six ethnic groups living in the Netherlands reported an unequal
association between short sleep and hypertension and dyslipidaemia — where ethnic Dutch
and Turks had a greater risk of hypertension, whereas South Asian Surinamese and
Moroccans had a greater risk of dyslipidaemia [89]. With respect to CVD outcomes, one
US-based cross-sectional study surveyed over 350,000 individuals and identified positive
associations between poor subjective sleep quality and chronic heart disease (CHD) and
stroke across all racial/ethnic groups [90]. Interestingly, the risk of CHD or stroke was
dependent on the number of days for which self-reported insufficient sleep was reported.
These data suggested that the association between constant self perceived insufficient sleep
(30 days per month without enough rest/sleep) and CHD was stronger in African-Americans
and Latinos as opposed to whites (2.06 and 2.22 vs. 1.62) [90].

Potential mechanisms for circadian rhythms and sleep mediating differences
in CVD risk—Amongst a range of factors that are more or less attributable to the
environment, there remains a core of genetic variability in the fundamental processes of
circadian rhythmicity and sleep. The former certainly differ according to racial/ethnic lines;
the latter may do so. The same applies to factors underlying cardiovascular health. If the
phenotypic intercept between differences in circadian rhythms and sleep and susceptibility
to CVD is reflected on the genetic level, then this would mean that gene products could be
identified that are of biological importance at the biochemical and/or physiological level as
potential mediators of health disparities that could be evaluated both diagnostically and
therapeutically. Furthermore, socioeconomic and environmental differences may have fed
back into the genome in a stable fashion through epigenetic modifications. The scarcity of
evidence about the physiological manifestations of these differences reflects an important
and extensive research agenda. We have sought to summarise the major mechanistic strands
below and in Figure 1.

The HPA axis is a strong candidate linking sleep and CVD risk. The relationship between
sleep and a number of hormones has been referenced above. Numerous studies have found
racial/ethnic differences in these hormones. Longitudinal community based studies have
examined cortisol slopes in European-Americans, African-Americans and Latinos over five
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years found that cortisol slopes differed (African-Americans have flatter slopes), and despite
considerable variability in cortisol rhythms from year to year across the sample, racial/ethnic
differences remained consistent across the study duration [91].

Studies have also identified racial/ethnic differences in downstream targets of the HPA axis,
including blood vessel relativities [92], where arterial stiffness was more pronounced in
African-Americans and less pronounced in Amerindians [93] compared to other ethnicities.
Ethnic differences in human umbilical vein endothelial cells have also previously been
observed, where African-Americans were more likely to have endothelial cells steady states
typically associated with cardiovascular disorders [94]. For indirect contributions to
cardiovascular differences, one might expect to see ethnic differences in immune cells, liver
function, insulin resistance, and in adipose tissue signalling. Indeed, studies have suggested
that there are racial/ethnic differences in the accumulation of fat in the liver (Latinos are at a
greater risk of non-alcoholic fatty liver disease compared to African-Americans despite a
similar prevalence of risk factors [95]) and storage of visceral fat [96].

To understand whether there are racial/ethnic differences in response to sleep restriction, a
recent experimental study examined the effect of acute sleep restriction for five nights
followed by one night of recovery sleep on energy intake and expenditure. African-
Americans and European-Americans both increased their caloric intake and experienced a
decrease in resting metabolic rate after sleep loss, but African-Americans began with a lower
resting metabolic rate at baseline. Since both groups consumed an equivalent amount of
calories during sleep restriction, it is not surprising that African-Americans gained more
weight (1.57 vs. 0.89 kg) [97]. These results suggest that African-Americans may be more
susceptible to the effects of sleep loss on obesity risk.

There is also substantial evidence of ethnic differences in immune function. The US-based
National Longitudinal Study of Adolescent Health study [98] suggested poorer immune
function in African-Americans. Specifically, they had Epstein-Barr virus antibody levels (an
indirect marker of cell mediated immune function) that were 13.6% higher than European-
Americans, after adjusting for education and income, whereas no differences were found
comparing them with Asians and Latinos. A recent report, based on data from a large
multiethnic study [99] investigated the association between elevated C-reactive protein levels
(a marker of low-grade systemic inflammation associated with CVD) and a number of
candidate genes. A race-combined meta-analysis identified four genetic risk factors for CRP
that were unique to African-Americans, whilst others were shared with European-
Americans. The former included a novel association at the CD36 locus, whilst the latter
included the ARNTL locus, which encodes the BMALL1 protein that is a critical regulator of
circadian function. Whilst the latter association does not distinguish between racial/ethnic
backgrounds, the role of genes identified in future associations specific to such groups
should be evaluated specifically with respect to any functional links with sleep or circadian
rhythmicity. Certainly, there are racial/ethnic differences in the frequencies of some key
clock gene polymorphisms [100].

A strong case for an HPA-independent mechanistic link was made in a recently reported
cross-sectional study where lower concentrations of vitamin D were associated with shorter
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and poorer sleep. Further, the association between lower concentrations of vitamin D and
shorter sleep duration was strongest in African-Americans (compared to Latinos, European-
Americans and Chinese-Americans) who also had the lowest levels of vitamin D [101]. This
finding suggests the possibility that sleep in individuals with darker skin tone living in areas
with lower insolation may be affected by a decreased availability of ultraviolet light for
vitamin D synthesis. There is already a well-known association between vitamin D
deficiency and CVD events [102]. No mechanism is known for the role of vitamin D in
either of these cases; thus, it may or may not be a shared one.

Regardless of the precise mechanism, there appears to be evidence suggesting racial/ethnic
differences both at the endocrine and the immunological level in ways that may link
circadian and sleep parameters to cardiovascular health. These are likely attributable, to a
considerable degree, to underlying socioeconomic factors, but may also reflect smaller,
specific genetic differences.

Conclusion and agenda for future research

Components of sleep, circadian rhythms have repeatedly shown a high degree of heritability
but autosomal genetic variance polymorphisms examined so far have not as yet accounted
for the differences observed [103]. Mapping genetic ancestral markers to sleep and circadian
rhythms and CVD would be of considerable utility and this could take advantage of
admixture settings where there is often a full spectrum of phonotypical differences [104].
Ultimately, one could build this work further, identifying shared genetic components
wherever they may exist across different phonotypical features.

The industrial revolution instigated unparalleled improvements in health and life expectancy,
propelling us into the “epidemiological transition”, and CVD will continue to pose a
colossal challenge to public health in the years ahead. Considered separately, CVD risk and
sleep and circadian rhythms are each known to differ by race/ethnicity. There is strong
evidence that poor quality sleep, insufficient duration, and/or mistiming of sleep negatively
affects cardiovascular health. Further, there is mounting evidence that race/ethnicity is
important for simultaneous changes in risk profile for sleep and CVD. Primarily, this
evidence has come from US-based studies where African-Americans are more susceptible to
poor sleep, may suffer greater health consequences from sleep equivalent disruptions and are
also at higher risk of cardiovascular events. Given that the general population under-reports
sleep disturbances, and that African-Americans are associated with an underutilisation of
available sleep services [105] there is a serious risk that (even small) ethnic differences in
sleep will be exacerbated further in real world settings.

The evidence suggests that interventions aiming to improve sleep behaviour would be
beneficial regardless of race/ethnicity; an incremental effect in specific groups could be
viewed as an extra bonus at worst. Taking into account the growing global admixture, there
is the potential to disentangle sleep contributions to differences in CVD risk profile both by
expanding the range of available studies from other continents, by studying race/ethnicity as
a continuous rather than a discreet variable, and to build on existing knowledge for ethnic
differences at the molecular and cellular level to understand how these differences might
occur.
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OSA Obstructive sleep apnoea
CHD Chronic heart disease
HPA Hypothalamus-pituitary-adrenal
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Glossary
Admixture

A mixture of different ancestries present within individuals in a population

Ancestral informative marker (AIM)
A set of polymorphisms at a particular locus which has different frequencies between
populations of different geographical origin

Endophenotype
A distinct phenotype with clear genetic connections
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Two often conflagrated terms, referring to varying degrees to geographical ancestry, physical
appearance, and cultural and religious factors. In the context of this review, any and all
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Practice points

. A number of studies have suggested ethnic differences in sleep and circadian
parameters and CVD. Thus, African-Americans, are more susceptible to poor
sleep, are at the greatest risk of cardiovascular events, and are simultaneously
associated with an underutilisation of available sleep services.

. Lifestyle factors generally associated with cardiovascular health are
notoriously difficult to change (e.g. weight, diet, exercise etc.). Sleep is a
modifiable lifestyle factor with a potentially higher acceptance. If it is
confirmed that racial/ethnic differences in sleep are mediators of racial/ethnic
disparities in CVD, it could be exploited for targeted interventions

Research agenda

Further research in this area should focus on
. Additional studies to identify whether differences in sleep might contribute to
racial/ethnic differences in risk factors for cardiovascular disease.

. Large cohort studies across multiple geographical settings to identify how
sleep patterns vary by culture and environments.

. Pool existing data to perform a meta-analysis that inspects the risk factors for
CVD, and perform sensitivity analyses for influence of race/ethnicity.

. Longitudinal or cross sectional studies conducted in ‘real world” admixture
settings to understand the impact that ethnicity has on the likelihood of CVD
events.

. Confirming the external validity of racial/ethnic differences in sleep by

expanding the studies on the influence of race/ethnicity for sleep and CVD
performed outside of the United States.

. Exploit datasets from admixed populations for analysis of elements of
heritability of CVD and risk factors that co-segregate with ancestral markers.

. Targeted studies to elucidate the precise biological mechanisms by which
sleep, circadian rhythms, and cardiovascular disease are related, which are
still poorly understood, are required for understanding the intercept between
racial/ethnic differences and the relationship between sleep and CVD.

. More clinical trials which target sleep and circadian rhythm interventions with
a view towards improving CVD outcomes
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Figure 1: Potential biological mechanisms by which racial/ethnic differences in sleep are related
to CVD.

Racial/Ethnic differences in CVD outcomes may be directly or indirectly mediated by
factors related to sleep and circadian rhythms, which in itself can act via the hippocampal-
pituitary-adrenal (HPA) axis or through alternative mechanisms.
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