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Inflammation, Sleep, Obesity and Cardiovascular Disease

M.A. Miller* and F.P. Cappuccio

Clinical Sciences Research Institute, Ilarwick Medical School, Coventry, UK

Abstract: Evidence is emerging that disturbances in sleep and sleep disorders play a role in the morbidity of chronic con-
ditions. However, the relationship between sleep processes, disease development, disease progression and disease man-
agement is often unclear or understudied.

Numerous common medical conditions can have an affect on sleep. For example, diabetes or inflammatory conditions
such as arthritis can lead to poor sleep quality and induce symptoms ofexcessive daytime sleepiness and fatigue. It has
also been suggested that poor sleep may lead to the development of cardiovascular disease for which an underlying in-
flammatory component has been proposed. It is therefore important that the development and progression ofsuch disease
states are studied to determine whether the sleep effect merely reflects disease progression or whether it may be in some
way causally related. Sleep loss can also have consequences on safety related behaviours both for the individuals and for
the society, for example the increased risk of accidents when driving while drowsy. Sleep is a complex phenotype and as
such it is possible that there are numerous genes which may each have a number of effects that control an individual's
sleep pattern.

This review examines the interaction between sleep (both quantity and quality) and parameters of cardiovascular risk. We
also explore the hypothesis that inflammation plays an essential role in cardiovascular disease and that a lack ofsleep mav
play a key role in this inflammatory process.

Aim: To review current evidence regarding the endocrine, metabolic, cardiovascular and immune functions and their in-
teractions with regard to sleep, given the current evidence that sleep disturbances may affect each ofthese areas.

Keywords: Sleep, obesity, cardiovasculm disease, inflammation, innate immunity.

INTRODUCTION

Sleep is a natural process and yet the exact purpose of
sleep and its effect on health and disease remains to be fully
elucidated. Both physiological and pathological sleep is di-
vided into two states: non-rapid-eye-movement (NREM)
sleep and rapid-eye movement (REM) sleep []. It has been
suggested that it is crucial for the maintenance and restora-
tion of homeostasis through the regulation of energy, repair
and infection control and that it may be important in the pro-
gramming of the brain [l-3]. It is now particularly relevant to
understand the importance of sleep, as sleeping habits within
our society have been changing over a period of years as a
result ofdecreased dependency on day light hours, increased
shift-work and changes in lifestyle and home environments
[4, 5]. Statistics from the National Sleep Foundation in
America suggest that approximately one-third of Americans
sleep 6.5 h a night or less Fig. (l) t5l.

It is well established that sleep disorders such as sleep
apnoea can lead to serious health problems including cardio-
vascular disease [6-9]. New data suggests that 'healthy' indi-
viduals who do not get enough sleep might be at risk of poor
health in the future [0, 1l]. Moreover, there is increasing
evidence to suggest that sleep disturbances may be an impor-
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Fig. (1). Duration of sleep in the average US population in the last
century

tant determinant of disease and morbidity and that inflamma-
tory processes may play an important role [2, 3, 12, l3]. A
decrease in sleep leads to an increase in inflammatory cyto-
kines which are now believed to be important in the devel-
opment ofcardiovascular risk progression [2]. Indeed, there
is an increased risk of heart attacks and strokes during the
early morning and it is possible that sleep has an effect on
the endothelial function of blood vessels [14]. This review
focuses on risk factors for diabetes and cardiovascular dis-
ease and their relationship to sleep and inflammation.

Cardiovascular Disease, Sleep and Inflammation

Individuals who experience sleep problems have been
shown to be at an increased risk ofcardiovascular events [9],
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which is reduced following successful treatrnent with Con_
tinuous. Positive,Airway pressure (CpAp), surgery (uvulo_
palatopharyngoplasty (Uppp)) or oral applian.r'fr j]. Within
the. general population sleep complajnii are ur.y ,o*ron
and are often associated with midical, psychologicat and
socia-l disturbances [16]. Inflammatory pror.rr., aie impor_
tant in the development and progresiion of cardiovascular
disease^and_it is possible that disiurbances in sleep pa$erns
may affect these processes Fig. (2).
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insomnia as well as loud snoring, difficulties maintaining
s1eep, fatigue, mood effects and impairment of daily activi
ties. These factors can lead to an increase in depression,
memory problems, a decline in cognitive functioning and a
lower quality of life [18, t9,Z0l.

The_.ageing process is associated with changes in the
metabolic process and disease development and &idence is
accumulating to suggest that sleep_deprivation is associated
with similar- changes. Furthermore, there is an increasin!
body of evidence to suggest that the ageing process, sleei
and the inflammatory processes are relaied yZ.i_Z+1.It is im'_
po.r?nt tlat n9! only are sleep regulatory mechanisms stud_
ied but the effect of ageing on ihese processes are deter-
mined. A better understanding of the 

'boundaries 
between

normal and abnormal age-related changes in sleep behaviour
should allow the development of iniervention guidelines.
Moreover, the exact nature_ of relationships anj causality
between sleep, age and inflammation remain to be eluci_
dated. Increased levels of a number of inflammatory markers
in elderly population have been observed, for example CRp
and interleukin -6 (IL-6) increase with age [Zt, iZ]. fur_
thermore, partial short term sleep deprivatiin gives rise to a
similar pattem of CRp response [23]. Sleep ieprivation is
also associated with an increased-gene expiessibn of heat_
shock protein [24l.It is therefore poisible that sleep depriva-
tion may contribute to the increise systemic inflammation
observed in ageing. The exact process however remains to be
determined but may also involve oxidative stress [25] or the
regufation of growth hormone 126l and its associited effect
on the immune function.

Gender, Sleep and Inflammation

Men are at increased risk of CVD but it is not clear
whether this is associated with gender differences in pattems
of sleep. It has also been suggested that the menopause also
may be a risk for sleep_disordered breathing (SbB) t271.Gender differences in inflammatory markers have been ob_
served [28]. We have shown that certain adhesion molecule
levels are lower in women than in men [2g]. Furthermore, it
is possible that the association between iteep anO cardiovas_
cular risk factors such as the Body-Mass_Index (BMI) may
vary beh.veen sexes, at least in adolescents. Knutson demon_
strated that while short sleep may have an effect on BMI in
young men this does not appear to be the case in young
women. [29].

Ethnicity, Sleep and Inflammation

South Asians have a higher risk of CVD than whites and
individuals of African origin appear to be protected from
coronary heart disease (CHD) t301.

^ An increased prevalence of insomnia has been reported in
,Africal Americanscomp_qgd with whites, which may in part
be attributable to ethnic differences in associated risk faclors,
:ulh-_3s olgsity l3ll. Ir is not known whether this is preseni
in UK African individuals who have a much lower risk of
CHD than their American counterpaxts [30]. It has been sug_
gested that there may be a genetic component for this in-
crease [32] and it would therefore be important to study both
UK Africans and Africans in Africa. Diibetes and stroke are
high in UK Africans as well as African Americans. Ethnic
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Fig. (2). Sleep loss, inflammation and cardiovascular disease

Patients with obstructive sleep apnea (OSA) syndrome
who have associated cardiovasculai disease have signifi-
cantly elevated C-reactive protein (CRp) compared to ihose
yjth OSA syndrome but without cardiovascular disease
(CVD) or those wirhout OSA syndrome or CVD [12].

Age, Sleep and Inflammation

Age is a risk factor for cardiovascular disease and ageing
and is associated with changes in length and quality ofiteei
as well as an increase in the prevalence of sleep complainti
[I3]..S.leep problems increas-e with age and the deviloped
world.is experiencing an increase in its ageing population.
I .ikewise, the number of indiv iduals wittr ctrronic 

'illnesses 
is

increasing. It is therefore important that the bidirectional
effect of sleep on disease progression and development is
evaluated. Fufihermore, it has been demonstrated in young
adults that sleep deprivation leads to metabolic, systemic and
immune changes that are similar to those observed in ageing
and age-related disorders [13]. However, although treitfri
elderly adults spend more time in bed, they spend less time
asleep and are more easily aroused from sieep than younger
individuals [17]. Ageing is associated with an increase in
Sleep-Disordered Breathing (SDB), daytime sleepiness and
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differences in inflammatory markers have been observed
[28] which in part are associated with ethnic differences in
cardiovascular risk. It is important that future studies investi-
gate whether ethnic differences in CHD, diabetes and stroke
are in any way related to differences in sleep disorders and
whether or not there may be an underlying inflammatory
component.

Obesity, Sleep and Inflammation

Obesity is associated with an increase in SDB and OSA
(SAS) [33]. Obesity is becoming a global epidemic in both
adults and children and is associated with an increased risk
of morbidity and mortality as well as reduced life expectancy
[341. It is clear that obesity may have its effect on CVD
through a number of different known and possibly as yet
unknown mechanisms. These include dyslipidemia, hyper-
tension, glucose intolerance, inflammation, OSAftrypoventi-
lation, and the prothrombotic state [34]. Obesity leads to a
change in an individual's metabolic profile and an accumula-
tion of adipose tissue.

Lack of sleep may have an effect on the development of
obesity and subsequent CVD through a number of mecha-
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nisms. Spiegel et al, in the first randomized cross-over clini-
cal trial of short-term sleep deprivation, demonstrated that
sleep deprivation was associated with decreased leptin and
increased ghrelin levels [35]. This in turn would lead to a co-
comittant increase in hunger and appetite, increased insulin
resistance and accumulation of fat and decreased carbohy-
drate metabolism Fig. (3). The individuals in this study were
subjected to extreme acute sleep deprivation (<4 h per night)
and further studies are required to determine the effects on
these hormones of more modest sleep deprivation (<5 h per
night), especially in the long-term [35]. A study of422 chil-
dren (boys and girls ofprimary school age (5-l0years)) has
demonstrated an association between sleep duration and the
risk to develop childhood overweight/ obesity [36]. Interest-
ingly, the Nurses Health Study demonstrated that while short
sleep duration leads to an increase in weight with time there
was no evidence to suggest that this was the result of an in-
crease in appetite [37]. These findings are in contrast to oth-
ers that have demonstrated a clear relationship between dura-
tion of sleep, ghrelin, leptin and appetite [35,38]. The find-
ings from the Nurses Health Study suggest that perhaps the
effects of sleep on obesity occur as a result of a change in
energy metabolism. Uncoupling proteins are proteins that
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uncouple proton exchange ald ATp production. polymor_
phjc,variation in these.genes has been ielated to energy me_
tabo,llsm, obesity and diabetes [39, 40]. Furthermore, -irelli
et al demonstrated that in animal studies, sleep depiivation
was associated with an increase in Uncoupling protein 2(UCP2) expression in liver and skeletal .ir"iE t4tl. Th;
latter is _the largest tissue in the body, -O t rn". and in_
.:T?":d 

UCP2 expression in this tissue may have a poren_
uauy targe ettect on resting energy expenditure [41].

. Inflammatory process may also underlie the elfect of
sleep on w_eight gain. Recent itudies have shown the impor-
tance ofadipose tissue as an endocrine organ which is capa-
ble of.secreting, €unong others, inflammato'ry cytokines [42].It is.therefore possible that a lack of sleep acting via the
regulatory hormones above may lead to un ln..eased fut ac-
cumulation and increased secretion of pro_inflammatory cy-
tokines. There is evidence to suggeit that inflammatorv
processes 

.may -!e important in obesity and may mediati
some of the effects observed with intreaseO wiigtrt. We
demonstrated that an approximate 2yo increase in soluble E-
selecrln tevet ls associated with a I unit higher BMI and a
0.01 unit greater Waist-hip_ rario (WHR) J+51. eaiponectln,
which is a protective cytokine however,'is not reduced in
qlt:nll with OSA compared with matched controls without
OSA [44]. In a separate study, individuals with OSA who
underwent CPAP treatment had associated changes in in_
flammatory markers (IL-6 and ICAM-l) t451. ih; tevels of
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the inflammatory markers were also associated with resistin
levels. Likewise, CpAp treatment decreased the levels of
ICAM-I and IL-8 [46]. prospective, longirudinal srudies
nowever, are required to examine the causal link between
sleep and obesity and inflammato.y meaiato.s. 

--

Glucose and Insulin Regulation, Diabetes, Sleep and In_
flammation.

Diabetes can lead to the development of sleep abnormali_
ties. Findings from the Sleep Heart Health Stuiy indicated
that diabetes is associated wiih periodic Ur.utfrin!, a respira_
tory abnormality associated with changes in the ientral con_
T].:t"y^:ltllllon 1a7..)...rr is thousht fliut otuu.t , may bring
about sleep abnormalities as a result of its deleterious effecti
on central control of breathing. However, it is also important
to note. that sleep loss is associated with a decrease in glu-
cose tolerance, a higher evening cortisol level and increied
sympathetic activity Fig. ( ). ireatment for OSA has also
Deen assocrated with beneficial changes in insulin sensitivity
[45]. Further studies are required to iivestigaG whetirer sleep
loss can predict changes in glucose rnrtuUoirrn fr-ui.e u.rru.

. Laboratory studies of healthy young adults, demonstrated
that recurrent partial sleep re#iction-wa, ^r*iut.d ,ith
alterations in glucose metabolism including decreaseO glu_
cose tolerance and insulin sensitivity [4d]. Furtherm6re,
sleep restriction led to changes in appeiite'control, in that the
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levels of the anorexigenic hormone leptin were decreased,
whereas the levels of the orexigenic factor ghrelin were in-
creased (see previous Figure (effect ofsleep on energy regu-
lating hormones)). These changes were associated with an
increase in hunger and appetite. Over a long period this may
lead to weight gain, insulin resistance and Type 2 Diabetes
[48]. A recent longitudinal analysis from the MONICA study
has demonstrated that in both women and men the difficulty
in maintaining sleep as opposed to the difficulty in initiating
sleep was associated with a higher risk of type 2 Diabetes
during the subsequent mean follow-up period of 7.5 years
l l0 l .

These and similar findings have led to the suggestion that
sleep and sleep disorders may have a prominent role on
metabolic and endocrine functions [49, 50]. There is a large
body of evidence to suggest that oxidative stress and in-
flammation play a large role in the development of diabetes
and the development and progression ofthe associated com-
plications [51]. The exact causal pathways remain to be elu-
cidated and likewise it remains to be seen if the diabetic
complications associated with sleep disturbances have an
underlying inflammatory component.

Blood Pressure, Sleep and Inflammation

Blood pressure normally displays a nocturnal dip of
about l0% [52]. Non-dippers are at an inueased risk of CVD
and African Americans tend to display more non-dipping
characteristics compared to Caucasians and this is associated
with an increase in sleep disordered breathing [53]. SDB has
been identified as a risk factor for adverse cardiovascular
outcomes in the elderly and is also associated with an in-
crease in post stroke mortality [54]. Likewise evidence sug-
gests that OSA palients have an increased incidence of hy-
pertension compared with individuals without OSA, and that
OSA is a risk factor for the development of hypertension [7].
Acute deprivation of sleep in healthy subjects leads to an
increase in blood pressure and SNS activation and evidence
is growing, which suggests that there is a causal relationship
between OSA syndrome and hypertension. [8]. A recent lon-
gitudinal study demonstrated that short sleep duration (<5 h
per night) was associated with a significantly increased risk
of hypertension (hazud ratio, 2.10; 95yo CI, 1.58 to 2.79) in
subjects between the ages of 32 and 59 years. Furthermore,
adjustment for confounding factors such as obesity and dia-
betes only partially attenuated this relationship [11]. Studies
demonstrated an association between hypertension and in-
flammation but potential causal pathways remain to be ex-
amined in more detail. It is however of interest to note that
patients with OSA exhibit increased resting heart rate, de-
creased time duration betr.veen fivo consecutive R waves of
the electrocardiogram (R-R interval) variability, and in-
creased blood pressure variability. As well as observed
changes in inflammatory mediators such as CRP. OSA is
also associated with changes in fibrinogen and plasminogen
activator inhibitor [7], which are important in the develop-
ment of hypertension and cardiovascular disease.

Lipids, Sleep and Inflammation

OSA may lead to hypoxia and the subsequent generation
of reactive oxygen species (ROS). These in tum can lead to
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an increase in lipid peroxidation. Indeed, increased inflam-
matory markers and markers of oxidative stress have been
found in patients with OSA [55]. Although a recent study
concluded that systemic inflammation is a characteristic of
OSA patients it failed to find any difference in lipid peroxi-
dation or antioxidant defence (as measured by superoxide
dismutase (SOD) between parients with OSA (n=25) and
controls (n=17) [55].

Metabolic Syndrome, Sleep and Inflammation

Metabolic syndrome is characterised by the clustering of
cardiovascular and metabolic risk factors in a given individ-
ual. These include the presence ofcentral obesity, an adverse
lipid profile (high triacyglycerols and low high density lipo-
protein (HDL) -cholesterol), raised blood pressure and insu-
lin resistance or glucose intolerance. It has also been sug-
gested that there may be an increased pro-inflammatory state
[56]. Furthermore, Vgontzas et al. [57] clearly demonstrated
that inflammatory cytokines are increased in individuals with
OSA and they proposed that these cytokines were the media-
tors of excessive daytime sleepiness (EDS). They demon-
strated the importance of visceral fat in OSA syndrome.
They suggested that sleep apnea and sleepiness in obese pa-
tients may be manifestations of the metabolic syndrome.
Indeed in the US, data from the Third National Health and
Nutrition Examination Survey (1988-1994) has shown that
in the US population the prevalence of the metabolic syn-
drome parallels the prevalence of symptomatic sleep apnoea
in general random samples [57].

Inflammation and Sleep

Immune molecules alter sleep architecture and sleep dep-
rivation alters neuroendocrine and immune response [58].
Furthermore, immune system activation and neuroendocrine
responses alter sleep [58]. In addition, sleep quality may
affect susceptibility to infection, as well as ones ability to
frght off infection [59]. The concentration of high-sensitivity
CRP (hsCRP) is predictive of future cardiovascular morbid-
ity [60] and at the same time short sleep duration and sleep
complaints are associated with increased cardiovascular
morbidity [9,23]. CRP levels are elevated following both
acute total and short term partial sleep deprivation [23].
Compared with control subjects the levels of TNF-c, IL-6,
hsCRP, adhesion molecules, and monocyte chemoattractant
protein-l are markedly and significantly elevated in patients
with sleep apnoea [61]. Short term sleep deprivation gives
rise to a number of effects on the immune system including a
decrease in cellular immune response on the following day
12,62]. Likewise, the immune response to viral challenge is
also reduced [63]. It remains to be elucidated whether similar
effects on the immune system are observed in individuals
with long-term sleep deprivation.

As well as infectious agents, it is known that other dis-
eases can lead to an increase in systemic inflammation such
as arthritis. Studies in patients with rheumatoid arthritis have
revealed pattems of sleep disturbances that arc not associated
with the concomitant pain [64]. The innate immune system
pathway can be activated by the outer lipopolysaccharide
(LPS) component of bacterial cell membranes [65]. Such
stimulation of the innate immune system occurs through toll-
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like receptors and can lead to an increase in inflammatory
cytokines Fig. (5).

LPS increases NREM and reduce REM sleep in rabbits
[66]. In.rats, a 30 day infusion of LpS led ti a loss of
nypocretln neurons. This suggests that LpS and the resulting
inflamm.ation may play a rolJ in the loss of hypocretin neu-
rons which occur in sleep disorders such as narcolepsy [62].

^^In human studies, Gundersen et al. [6g) investigated the
effect of prolonged physical activity with'concomitant en_
ergy and_ sleep deprivation on leukocyte function. They dem-
onstrated. that leukocytes responded with an increasing re_
Iease of inflammatory cytokines when challenged with LpS
as the study-progressed. Furthermore, they fiund that the
response to the anti-inflammatory agent hydrocortisone was
reduced. These results demonstrate that multifactoral stress
can activate immune cells and prime their response to a mi-
crobial challenge [63]. However, it is important to note that
sleep deprivation can alter catecholamaines [69], which in
turn may have an effect on white blood cells. The'exact part
played and the importance of the sleep deprivation in rhis
multifactorial stress needs to be further inu.rtigut.d.

The intermittent hypoxia/reoxygenation process that oc_
curs in OSA syndrome is associated with a ielective activa_
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tion of .inflamm-at9ry processes as demonstrated by the in-
crease in . circulating tumour necrosis factor_alph; (TNF_
{pha) .and NFkappaB levels whereas adaptive pathways as
d_etermined by the measurement of the aOaptiie regulator
HIF-l are not increased [70]. Fr:rthermore, CirAp theiapy is
able to normalise the incieased TNF_alpha t.uet, JZOI. ilsa
syndrome is associated with an increased monocyte NF-
Iuppug activity. Moreover this is also associated with an
increased expression of iNOS protein [71]. Further informa-
tion on the links beh.veen the innate immune system and
sleep can be found in a recent review [3].

Cortisol,-Sleep, the Sympathetic Nervous System (SNS),
Hylothalam ic pitu itary Adrenocortical (HiA)_axis anO
Inflammation

Dysfunction of the HpA axis at any level (corticotrophin
releasing hormone (CRH) receptor, giucocorti.oid r...itor,
or mineralocorticoid receptor) ian dGrupt sleep [72]. Sieep,
and.in particular_deep sleep, has an inniUitory influence on
rne HrA axts, whereas activation of the HpA axis leads to
arousal [72]. Furthermore, excessive daytime sleepiness,
luch 

as present in sleep apnoea, narcolepsy, and idiopathic
nypersomnla are associated with an increase in the secretion
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Fig' (5). Possible interaction between the innate immune system and sleep regulation
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of inflammatory markers [73]. It has also been suggested that
HPA axis hyperactivity may be a consequence of OSA and
may indeed contribute to secondary pathologies such as hy-
pertension and insulin resistance. [72]. On awakening, there
is a rise in cortisol levels. The time of awakening and stress
are thought to influence the magnitude of the cortisol awak-
ening response (CAR) 1741. A recent study which examined
men and women London Underground shift-workers sug-
gested that early-waking, stress early in the day, and associ-
ated cortisol levels often coincide with sleep disturbance.
[74]. In a recent pilot study, which examined the sleep and
the stress-induced cortisol response in children and adoles-
cents, there were signifrcant associations between the self-
reported sleep quality but not quantity and the cortisol re-
sponse [75].

Depression, Sleep and Inflammation

When compared with controls depressed patients have a
significant nocturnal increase in circulating IL-6 and sICAM
[76]. Furthermore both sleep latency and REM density are
associated with these inflammatory markers [76]. It is of
interest to note that in patients with depression, total sleep
deprivation leads to an increase in renin secretion and a con-
comitant trend for a decrease in HPA axis activity in the re-
covery night [77]. lt has been suggested that these changes
could be a "fingerprint" of a rapidly antidepressive treatment
1771.

Social Economic Status (SES), Sleep and Inflammation

Low SES is frequently associated with sleep deprivation
and ethnic differences in SES and sleep patterns exist [78].
African American children have an increase in sleep disor-
dered breathing compared with white Caucasians which
could contribute to an increase in inflammatory processes
and associated CVD risk [79]. However, further studies are
required to examine this hypothesis.

Alcohol, Sleep and Inflammation

There is some inconsistency in the literature but in gen-
eral it is accepted that moderate-to-large quantities ofalcohol
are capable ofaggravating severe OSA [80]. It has also been
suggested that there are inter-relationships between alcohol-
ism, sleep loss and ethnicity, which may also operate in a bi-
directional manner [81]. It has been postulared that disturbed
sleep patterns effect hormonal, autonomic nervous system
and immune function and might contribute to the increased
mortality rate observed in African American alcoholics [81].

Paediatrics, Sleep and Inflammation

Children with sleep disordered breathing have higher
CRP levels than children who do not [82]. Furthermore, 947o
of the children studied who had elevated CRP levels also
reported excessive daytime sleepiness or learning difficulties
as compared to 620/o of children who had CRP levels in the
normal range [82].

Genes, Sleep and Inflammation

In the brain the sleep-wake cycle is regulated by the cen-
tral circadian oscillator in the hypothalamic suprachiasmatic
nuclei (SCN) [83]. This oscillator is composed of many
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genes and proteins which interact together and have both
positive and negative feedback loops [83]. Among others,
the CLOCK and BMALI elements promote the expression
of the Period (pefl, 2 and 3) and Crytochrome (Cryl | & 2)
genes. It is known that genetic variation in some of these
genes, including Period 2, is important in the development of
some sleep disorders [84].

Ifit is possible to identift genes and gene products which
contribute to sleep disorders it would be interesting to study
their associations in children, as well as adults, as the former
are less likely to be influenced by age-associated co-
morbidities, which are present in the adult populations.
However, sleep disorders do exist in some children which
need to be excluded or diagnosed in such studies.

A recent literature review led to the suggestion that in-
flammatory cytokines such as TNF-alpha and Interleukin -
1(L-1) perform neural functions in normal brains As such
they should be regarded as both neuromodulators as well as
inflammatory mediators [85]. The genes coding for these
cytokines and their accessory proteins are expressed by glial
cells and neurones in the normal brain [85]. Receptors for
these cytokines are present on neural cells [85]. Patients with
OSA syndrome have elevated TNF-alpha levels [86]. The -
308,4. TNF-alpha gene polymorphism is responsible for in-
creased TNF-alpha production. Individuals with OSA syn-
drome and their siblings are more likely to carry this poly-
morphism than population controls; once more indicating
that an increase in inflammatory mediators may be important
in the pathogenesis of OSA syndrome [87].

Genetic and environmental factors may act together to
influence the set-point at which a given individual's neroen-
docrine stress responses and cytokine production pattems
respond to different pathogens or antigens [S8]. It is there-
fore possible that genetic determinants of sleep acting on the
oxidative and immune pathways may also be of importance
in determining an individual's subsequent cardiovascular
risk.

Sleep and Pharmacological Treatments

OSA is characterized by a collapse of the airway that
occurs during sleep [89]. As a result there is a lack ofoxygen
to the brain and the individual wakes up so that breathing is
resumed [89]. This can be repeated several times in one night
and results in fragmented sleep. One of the most common
treatrnents for this condition is CPAP [89]. This maintains
the airway during sleep. However, in some individuals the
daytime sleepiness associated with OSA and other sleep dis-
orders is not always eliminated by this treatment. Although
the exact mechanisms that govern the sleep-wake cycle and
the process are unknown. It is of interest to note that a rela-
tively new drug, Modafinil is effective against excessive
daytime sleepiness [90]. It would appear that this drug exerts
some of its action in the hypothalamus, which is an area of
the brain that regulates sleep-wake functioning [90].

5-hydroxytryptophan (5-HT) increases serotonin levels
and is used to treat depression [91]. There has been some
suggestion that it may improve sleep patterns and aid weight
loss. A recent study, which investigated the effect of sleep
deprivation on 5-HT tumover, indicated that REM sleep
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modulated the 5-HT tumover in the brain in a region_specific
manner [92].

Given the suggestion that poor sleep may have cardio-
vascular consequences as a result of its effect on the inflam_
m?tor7 ard oxidative pathway, it is possible that the pharma-
cological management of sleep disorders may need to in_
clude anti-inflammatory and antioxidant agentjas well.

The Importance of Sleep

_ 91..p is a fundamental requirement for living individuals.
In this review we discussed how changes in sleep, acting
through inflammatory mechanisms, may be associated with
an increased risk of CVD. Changes in working pattems and
increased demands on individual's time ,"quire that more
individuals are awake for longer periods oltime. Unfortu_
nately, increases in shift work, on-call rotas and prolonged
working hours result not only in a potentially increased car-
diovascular risk but also an increased risk of fatigue and ac_
cidents e.g. road traffic accidents, commuter tra]n disasters
and pilot error as well as medical enors [93,94J. Driving
while drowsy has a similar effect to driving-undeithe influl
ence of alcohol. It is believed that substantial numbers of
medical errors result from fatigue due to adverse sleep pat_
terns in nurses and doctors [4]. These problems trave a ]iigtr
cost both in terms of human life and economic factois.
Hence, it can be seen that sleep has a major impact on our
health and well-being and needs to be researched ihoroughly.
Some of these problems associated with the lack of Jleen
cou.ld be_addressed by improving our understanding of the
biological basis of sleep; the biochemical mechaniims; in-
v.olve.d, by- increasing awaxeness both among health profes-
sionals and among the lay public, and by making changes to
work patterns and access to sleep recovery (naps/ timi offl
as well as improved diagnosis and treatment resimes.

REFERENCES

tll Siegel JM. Clues to the functions of mammalian sleep. Nature
2005;437: 1264-71.

t21 Irwin M. Effects of sleep and sleep loss on immuni8 and cytoki_
nes. Brain Behav Immun 2002: 5:503-lZ.

t3l Majde JA, Krueger JM. Links between the innate immune svsrem
and sleep. J Allergy Clin Immunol 2005; 1 16: I 188-98

t4l Horrocks N, Pounder R; RCp Working Group. Working the night
shift: preparation, survival and recovery--a guide forjunior doctors.
Clin Med 2006: 6: 6l-7.

t51 Ngtignll Sleep Foundation. Sleep In America poll ..05: 
Summary

of Findings. Washington, DC: National Sleep Foundation: 200j.
http ://www. sleepfoundation. org/_content/hottopics/Slee p_Segment
s.pdf

t61 Caples SM, Gami AS, Somers VK. Obstructive sleep apnea. Ann
Intem Med 2005; 142.187-97.

l7l Kasasbeh E, Chi DS, Krishnaswamy G, Inflammatory asDects of
sleep apnoea and their cardiovascular consequences, South Uea .l
2006;99:58-67;  quiz 68-9,  81.

t8l Narkiewicz K, Wolf J, Lopez-Jimenez F, Somers VK. Obstructive
sleep.apnoea and hypertension. Cun Cardiol Rep 2005; 7:435_40.

t9l Resnick HE, Howard BV. Diabetes and cardiovascular disease.
Annu Rev Med 2002: 53:245-67 .

UOl Meisinger C, Heier M, Loewel H; MONIC{KORA Augsburg
Cohort Study. Sleep disturbance as a predictor of type 2 diabetes
mellitus in men and women from the general population. Diabe-
tologia 2005; 48: 23 5-41.

tl ll Gangwisch JE, Heymsfield SB, Boden-Albala B, Buijs RM, Kreier
F, Pickering TG, et al. Short Sleep Duration as a Risk Factor for
Hypertension. Analyses of the First National Health and Nutrition
Examination Survey. Hypertension 2006; 47: g33-9.

It2l

t  l3 l

l l4 l

I l s l

[ 16 ]

I17l

122)

t ts l

l le l

[20]

121l

Miller and Cappuccio

Kokturk O, Ciftci TU, Mollarecep E, Ciftci B. Elevated C_reactrve
protein levels and increased cardiovascular risk in patients with ob_
structive sleep apnoea syndrome. Int Heart J 2005;46:901-9
Prinz PN. Age impairments in sleep, metabolic and immune func-
tions. Exp Gerontol 2004; 39: 1739-43.
Strike PC, Steptoe A. New insights into the mechanisms of tempo-
ral variation in the incidence of acute coronary syndromes. Clin
Cardio 2003; 26: 495-9.
Peker Y, Hedner J, Norum J, Kraiczi H, Carlson J. Increased inci-
dence of cardiovascular disease in middle_aged men with obstruc_
lyg-d*_p apnea: a 7-year follow-up. Am J-Respir Crit Care Med
2002; 166: 1 59-65.
Redline S" Strohl K, Recognition and consequences of obstructlve
1t3eg^1n19a Ilfopnea syndrome. Otolaryngol Clin North Am 1999;
32:303-31.
Bliwise DL, King AC, Hanis RB. Habitual sleep durations and
health in a 50-65 ye:r old populatron. J Clin Epidimiol 1994; 47:
35 -4 r .
Vgontzas AN, Kales A. Sleep and its disorders. Annu Rev Med
1999t 50:  387-400.
Lugaresi E, Cirignotta F, Zucconi M, Mondini S, Lenzi pL, Coc_
cagnaC..Good and poor sleepers : an epidemiological survey ofthe
Jan Manno populatton. In : Sleep_Wake Disorders : Natural His_
tory, Epidemiology and long-term Evolution. C. Guilleminault and
E. Lugaresi (eds). New york, Raven press l9g3: 1_12.
K,ales A, Soldatos CR, Kales JD. Taking a sleep history. Am Fam
Physicianl 980; 22: I 01-108.
Hak AE, Pols HA, Stehouwer CD, Meijer J, Kiliaan AJ, Hofman
A, et al. Markers of inflammation and cellular adhesion molecules
in relation to insulin resistance in nondiabetic elderly: the Rotter-
dam study. J Clin Endocrinol Metab 200t; 86: 4398-4b5
Roubenoff R, P1riry H, payette HA, Abad LW, D'Agostino R,
Jacques PF, et al. Cytokines, insulin-like growth factoi I, sarco-
penia, and mortality in very old community_dwelling men and
women: the Framingham Heart Study. Am J Med 2003: ll5:429-
J )

Meier-Ewert HK, tudker pM, Rifai N, Regan MM, price NJ,
Dinges DF, et al. Effect of sleep loss on C-reictive protein, an in_
flammatory marker of cardiovascular risk. J Am Coll'Cardioi 2OO4:
43 678-83.

I:r.": 4, Stsininger TL, Hyder K, Apte-Deshpande A, Ding J,
Rishipathak D, et al, Differcntial increase in the ixpression of heat
shock ptotein family members during sleep deprivation and ourrng
sleep. Neuroscience 2003 116: lg7-200.
Roy AK, Oh T, Rivera O, Mubiru J, Song CS, Chattedee B. Im_
pacts oftranscriptional regulation on aging and senescenie. Ageing
Res Rev 2002t 1:367-80.
Everson CA, Crowley WR. Reductions in circulating anabolic
hormones induced by sustained sleep deprivation in its. em J
Physiol Endocrinol Metab 2004;286: El06b_70.
Resta O, Bonfitto P, Sabato R, De pergola G, Barbaro Mp. preva_
lence ofobstructive sleep apnoea in a sample ofobese women: ef-
fect of menopause. Diabetes Nutr Metab 20b4 | 17:296_303.
Miller MA, Sagnella GA, Kerry SM, Srrazzullo p, Cook DG, Cap-
puccio FP. Ethnic differences in circulating soluble adhesion mole_
cules: the Wandsworth Heart and Stroke Study. Clin Sci (Lond)
2003; 104: 559-60.
Knutson KL. Sex differences in the association between sleeD and
body mass index in adolescents. J pediatr 2005: I 47: g30_4.
Balarajan R. Ethnicity and variarions in the nation's health. Health
Trends 1995-96; 27 :114-9.
Scharf SM, Seiden L, DeMore J, Carter-pokras O. Racial differ_
ences in clinical presentation of patients with sleeD_disordered
breathing. Sleep Breath 2004; 8: | 73-83.
Buxbaum SG, Elston RC, Tishler pV, Redline S. Genetics of the
apnea hypopnea index in Caucasians and African Americans: I.
Segregation analysis. Genet Epidemiol 2002:22: 243-53.
Poulain_M, D-oucet M, Major GC, Drapeau V, Series F, Boulet Lp,
et, al..T,he effect of obesity on chronic respiratory diseases: patho_
physiology and therapeutic stmtegies. CMAJ 2006; 174: l29i-g
Poirier P, Giles TD, Bray GA, Hong y, Stern JS, plsunyer FX, er
al American Heart Association; Obesity Committee of the Council
on Nutrition, Physical Activity, and Metabolism. Obesi8 and car-
diovascular disease: pathophysiology, evaluation, and effect of
weight loss: an update of the 1997 American Heart Association
Scientific Statement on Obesity and Heart Disease from the Obe_

[231

I24l

t2sl

t26l

I27l

[28]

I2el

t30l

[31]

t32l

t33l

134)



InJlammation, Sleep, Obesity and Cadiovascular Diseose

sity Committee of the Council on Nutrition, Physical Activity, and
Metabolism. Circulation 2006; 113: 898-918.

t35l Spiegel K, Tasali E, Penev P, Van Cauter E. Briefcommunication:
Sleep curtailment in healthy young men is associated with de-
creased leptin levels, elevated ghrelin levels, and increased hunger
and appetite Ann Intem Med 2004; l4l:846-50.

[36] Chaput JP, Brunet M, Tremblay A. Relationship between short
sleeping hours and childhood overweighVobesity: results from the
'Quebec en Forme' Project. Int J Obes (Lond) 2006; [Epub ahead of
printl.

137) Patel SR, Malhofra A, White DP, Gottlieb DJ, Hu FB. Short Sleep
Is a Risk Factor for Weight Gain, [Publication Page: A733 (Ab-
srracr; ISS San Diego)1.

[38] Taheri S, Lin L, Austin D, Young T, Mignot E. Short sleep dura-
tion is associated with reduced leptin, elevated ghrelin, and in-
creased body mass index. PLoS Medicine 2004; l: e62.

l39l Dhamrait SS, Stephens JW, Cooper JA, Acharya J, Mani AR,
Moore K, et al. Cardiovascular risk in healthy men and markers of
oxidative stress in diabetic men are associated with common varia-
tion in the gene for uncoupling protein 2. Eur Heart J 2004;25:
468-7s.

[40] DAdamo M, Perego L, Cardellini M, Marini MA, Frontoni S,
Andreozzi F, et al. The -866NA genotype in the promoter of the
human uncoupling protein 2 gene is associated with insulin resis-
tance and increased risk of type 2 diabetes. Diabetes 2004; 53:
I  905-t0.

l4ll Cirelli C, Tononi G. Uncoupling proteins and sleep deprivation.
Arch Ital Biol 2004; 142:541-9.

I42l Trayhum P, Bing C, Wood IS. Adipose tissue and adipokines-
energy regulation from the human perspective. J Nutr 2006;
136(Suppl): I 935S-l 939S.

t43l Miller MA, Cappuccio FP. Cellular adhesion molecules and their
relationship with measures of obesity and metabolic qyndrome in a
multiethnic population. Int J Obes (Lond) 2006; Mar 7 [Epub ahead
ofprintl.

t44l Wolk & Svatikova A, Nelson CA, Gami AS, Govender K, Win-
nicki M, et al. Plasma levels of adiponectin, a novel adipocyte-
derived hormone, in sleep apnea. Obes Res 2005; l3: 186-90.

l45l Harsch IA, Koebnick C, Wallaschofski H, Schahin SP, Hahn EG,
Ficker JH, el a/. Resistin levels in patients with obstructive sleep
apnoea syndrome-the link to subclinical inflammation? Med Sci
Monit 2004: l0: CR510-5.

[46] Ohga E, Tomita T, Wada H, Yamamoto H, Nagase T, Ouchi Y.
Effects of obstructive sleep apnea on circulating ICAM-I, IL-8,
and MCP-I . J Appl Physiol 2003;94: 179-84.

t47l Resnick lIE, Redline S, Shahar E, Gitpin A, Newman A, Walter R,
et al. Sleep Heart Health Study. Diabetes and sleep disturbances:
findings from the Sleep Heart Health Study. Diabetes Care 2003;
26'.702-9.

t48l Spiegel K, Knutson K, Leproult R, Tasali E, Van Cauter E. Sleep
loss: a novel risk factor for insulin resistance and Type 2 diabetes. J
Appt Physiol 2005; 99: 2008-l 9.

[49] Boethel CD. Sleep and the endocrine system: new associations to
old diseases. Cun Opin Pulm Med 2002; 8: 502-5.

[50]. Scheen AJ, Van Cauter E. The roles oftime ofday and sleep qual-
ity in modulating glucose regulation: clinical implications. Horm
Res 1998; 49: l9l-201.

t5ll Ceriello A. Oxidative stress and diabetes-associated complications.
Endocr Pract. 2006; 12 (Suppl): 60-2,

t521 Mallion JM, Baguet JP, Siche JP, Tremel F, De Gaudemaris R.
Clinical value of ambulatory blood pressure monitoring. J Hyper-
tens 1999; l7:585-95.

t53l Pickering TG, Kario K. Noctumal non-dipping: what does it augur?
Cun Opin Nephrol Hypertens 2001; 10: 61 1-6.

t54l Bassetti CL, Milanova M, Gugger M. Sleep-Disordered Breathing
and Acute Ischemic Stroke. Diagnosis, Risk Factors, Treatment,
Evolution, and Long-Term Clinical Outcome. Stroke 2006; 37:
967-72.

l55l Alzoghaibi MA, Bahammam AS. Lipid peroxides, superoxide
dismutase and circulating IL-8 and GCP-2 in patients with severe
obstructive sleep apnoea: a pilot study. Sleep Breath 2005; 9: I l9-

[56] Vega GL. Obesity and the metabolic syndrome. Minerva Endocri-
nol2004;29: 47-54.

l57l Vgontzas AN, Bixler EO, Chrousos GP. Sleep apnea is a manifes-
tation of the metabolic syndrome. Sleep Med Rev 2005;9:211-24.

Current Vascalar Pharmacologr, 2007, VoL 5, No. 2 9

t58l Payne LC, Obal F Jr, Krueger JM. Hypothalamic releasing hor-
mones mediating tlte effects of interleukin-l on sleep. J Cell Bio-
chem 1993 ;53 :309 -13 .

t59l Edell-Gustafsson UM. Sleep quality and responses to insufficient
sleep in women on different work shifts. J Clin Nurs 2002; I l: 280-
7; discussion 288.

[60] Clearfield MB. C-reactive protein: a new risk assessment tool for
cardiovascular disease. J Am Osteopath Assoc 2005; 105: 409-16.

16l] Teramoto S, Yamamoto H, Ouchi Y. Increased C-reactive protein
and increased plasma interleukin-6 may synergistically affect the
progression of coronary atherosclerosis in obstructive sleep apnea
syndrome. Circulation 2003; 107: E40.

t62l Bom J, Lange T, Hansen K, Molle M, Fehm. Effects of sleep and
circadian rhythm on human circulating immune cells. J Immunol
1997; 158: 4454-64.

t63l Lange T, Perras B, Fehm HL, Bom J. Sleep enhances the human
antibody response to hepatitis A vaccination. psychosom Med
2003;65:  831-5.

t64l Majde JA, Kruegar JM. Neuroimmunology of sleep. In: D'haenen
H editor. Textbook of biological psychiatry. London: John Wiley
&Sons Ltd; 2002; p 1247-57 .

t65l Rosenfeld Y, Shai Y. Lipopolysaccharide (Endotoxinlhosr defense
antibacterial peptides interactions: Role in bacterial resistance and
prevention ofsepsis. Biochim Biophys Acta. 2006; [Epub ahead of
printl.

t66] Kruegar JM. Somnogenic activity of immune response modifiers.
Trends Pharmacol Sci 1990: 11:122-6.

167l Gerashchenko D, Shiromani PJ. Effects ofinflammation produced
by chronic lipopolysaccharide administration on the survival of
hypocretin neurons and sleep. Brain Res 2004; 1019 162-9.

168l Gundersen Y, Opstad PK, Reistad T, Thrane I, Vaagenes p. Seven
days' around the clock exhaustive physical exertion combined with
energy depletion and sleep deprivation primes circulating leuko-
cytes. Eur J Appl Physiol 2006; 97: 151-7.

t69l Irwin M, Thompson J, Miller C, Giltin JC, Ziegler M. Effects of
sleep and sleep deprivation on catecholamine and interleukin-2 lev-
els in humans: clinical implications. J Clin Endocrinol Metab 1999;
84:1979-85.

t70l Ryan S, Taylor CT, McNicholas WT. Selective activation of in-
flammatory pathways by intermittent hypoxia in obstructive sleep
apnoea syndrome. Circulation 20051' ll2: 2660-7 .

tTll Greenberg H, Ye X, Wilson D, Htoo AK, Hendersen T, Liu SF.
Chronic intermittent hypoxia activates nuclear factor-kappaB in
cardiovascular tissues ,n vryo. Biochem Biophys Res Commun
2006;343 591-6.

172) Buckley TM, Schatzberg AF. On the interactions of the hypotha-
lamic-pituitary-adrenal (HPA) axis and sleep: normal HpA axis ac-
tivity and circadian rhythm, exemplary sleep disorders. J Clin En-
docrinol Metab 2005t 90: 3106-14.

l73l Vgontzas AN, Papanicolaou DA, Bixler EO, Kales A, Tyson K,
Chrousos GP. Elevation of Plasma Cytokines in Disorders of Ex-
cessive Daytime Sleepiness: Role of Sleep Disturbance and Obe-
sity. J Clin Endocrinol Metab 19971'82: 1313-6.

174) Williams E, Magid K, Steptoe A. The impact of rime of waking
and congurrent subjective stress on the cortisol response to awaken-
ing. Psychoneuroendocrinology 2005; 30: 139-48.

I75l Capaldi Ii VF, Handwerger K, Richardson E, Stroud LR. Associa-
tions between sleep and cortisol responses to str€ss in children and
adolescents: a pilot study. Behav Sleep Med 2005;3:177-92.

176l Motivala SJ, Sarfatti A, Olmos L, Irwin MR. Inflammatory mark-
ers and sleep disturbance in major depression. Psychosom Med
2005'.67: 187-94.

t77l Murck H, Uhr M, Ziegenbein M, Kunzel H, Held K, Antonijevic
IA, et al. Renin-angiotensin-aldosterone system, HPA-axis and
sleep-EEG changes in unmedicated patients with depression after
total sleep deprivation. Pharmacopsychiatry 2006; 39 : 23 -9.

t78l Van Cauter E, Spiegel K. Sleep as a mediator of the relationship
between socioeconomic status and health: a hypothesis. Ann N Y
Acad Sci 1999; 896 254-61.

t79l Redline S, Tishler PV, Hans MG, Tosteson TD, Strohl KP, Spry K.
Racial differences in sleep{isordered breathing in African-
Americans and Caucasians. Am J Respir Crit Care Med 1997; 155:
186-192.

t80] Heath M. Management of obstructive sleep apnoea. Br J Nurs
1993:2'.802-4.



l0 Current Vascular Pharmucologt, 2007, VoL S, No. 2

t8ll Irwin M, Rinetti G, Redwine L, Motivala S, Dang J, Ehters C.
Noctumal proinflammatory cytokine-associated sleep disturbances
in abstinent African American alcoholics. Brain Behav Immun
2004: l8:349-60.

t82l Tauman R, Ivanenko A, O'Brien LM, Gozal D. plasma C-reactive
protein levels among children with sleep_disordered breathing. pe_
diatrics 2004; 1 13:e564-9.

[83] Leloup JC, Goldbeter A. Modeling the mammalian circadran clock:
sensitivity analysis and multiplicity of oscillatory mechanisms. J
Theor Biol 2004t 230:541-62.

t84l Tafti M, Maret S, Dauvilliers y. Genes for normal sleep and sleep
disorders. Ann Med 2005; 37: 580-9.

t85l Vitkovic L, Bockaert J, Jacque C. ,'Inflammatory" 
cytokines: neu_

romodulators in normal brain? J Neurochem 2000;74:457-71.
t86l Krueger JM, Majde JA. Humoral links between ileep and the im_
_, mune system: research issues. Ann N y Acad Sci. 2003;992,. 9_20.
t87l fuha RL, Brander P, Vennelle M, McArdle N, Ken SM, Anderson

NH, et al. Tumour necrosis factor-alpha (_30g) gene polymorphism
in- otstructive sleep apnoea-hypopnoea syndr6me.'Eur Reipir J
2005;26:673-8.

[88] Kunz-Ebrecht SR, Mohamed-Ali V, Feldman pJ, Kirschbaum C,
St€ptoe A. Cortisol responses to mild psychological sress are ln_

Miller and Cappuccio

. versely associated with proinflammatory cytokines. Brain Behav
Immun 2003; 17: 373-83.

[89] Victor LD. Obstructive Sleep Apnea. Am Fam physicran 1999:60:
2279-86.

t90l Lin JS, Hou Y, Jouvet M. potential brain neuronal targets for am-
phetamine-, methylphenidate-, and modafinil_induced wakefulness,
evidenced by c-fos immunocytochemistry in the cat. hoc Natl
Acad Sci USA 1996;93: 14128-t4133.

[91] Birdsall TC. s-Hydroxytryptophan: a clinically-effective serotonin
precursor. Altern Med Rev 1998; 3:271-g0.

t921 Senthilvelan M, Ravindran R, Samson J, Devi RS. Serotonin tum-
over in different duration of sleep recovery in discrete regions of
young rat brain after 24h REM sleep deprivation. Brain DJv 2006;
28:526-8.

[93] Landrigan CP, Rothschild JM, Cronin JW, Kaushal R, Burdick E,
Katz JT, et al. Effect of reducing intems, work hours on serious
medical errors in intensive care units. N Engl J Med 2004;351:
I 838-48.

194) Lockley SW, Cronin JW, Evans EE, Cade BE, Lee CJ, Landrigan
CP, et al. Harvard Work Hours, Health and Safety Group.Effeciof
reducing intems, weekly work hours on sleep and attentional fail_
ures. N Engl J Med 2004: 351: lt29-37.

Rseived: July 26,2m6 Rwiscd r July 3 1, 2006 Accepcdt August 04, 20(b


	IMAGE0078.PDF
	IMAGE0079.PDF
	IMAGE0080.PDF
	IMAGE0081.PDF
	IMAGE0082.PDF
	IMAGE0083.PDF
	IMAGE0084.PDF
	IMAGE0085.PDF
	IMAGE0086.PDF
	IMAGE0087.PDF

