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ABSTRACT

Background/Aim: Cardiemetabolic conditions (i.e., metabolic syndrome (MetS) and
cardiovasculadisease4CVDs) aréhe primary causeof deatharoundthe world eventhough
they are often preventable. This thesis proposes that psychological theories, dgowethe
CognitiveBehaviouralTherapyand the RationaiEmotive BehaviouralTherapy(CBT/REBT)
models can explain the onset of MetS and CVDs, taking into consideratipnrttayrole of
their core construct, namely irrational beliefs, directly through neurochemical and
biochemical dysregulation, and/or through dysfunci emotions and behaviours.
Therefore, given that cardimetabolic disorders are extremely complex, {haposeof this
thesisis to better explaintheir developmentconsideringirrational beliefsand specifically,
to examine whether MetS coulplay amediating role in the potentialelationship between
irrational beliefs andCVDs. Another goal isfitl current gaps irknowledge and inform future
directions for public health, which could eventually incliniepsychosocial interventions for
individuals at high risk for cardimetabolic diseases ifirst-choice interventionsMaterial
and Methods:853 participants without a history of CBS3 men (aged 45+13 years) and
400 women (aged 44+18 years)] from the ATTICA fe@l22012)underwentpsychologcal
evaluations.Detailedbiochemical clinical, and lifestyle evaluationswere performed, while
LJ- NJi A Orkatidhay hel#@f®, anxiety, depression and hostility were assessed using the
Irrational Beliefs Inventory (IBI, range 8B), the Spielberger Statdrait Anxiety Inventory
(STAI, score 280), the Zung SeRating DepressionScale(ZDRSscore 20-80) and the
Hostility and Directionof Hostility Questionnaire(HDHQ score 0-55), respectively.The CVD
incidence was defined accordingo the International Coding Diseases (I€2D)criteria.
Univariable and multivariable logisticegression was applied to estimate the risk of
developing MetS and CVDs and to control éonfounders,as well as stratified logistic

regressionto detect moderator effects. Results:
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Mean IBI score was 532 in men and 533 in wonpe®.88). High IBI was associated with
1.5times higher odds of developing MetS than low IBI. Additionally, participants withBiigh
and high STAI were 96% more likely to develop MetS, compared with those with lamdIBI
low or high STAI (OR 1.96; 95% CI 1.01, 3.80). IBI score was also positively asaticidied
year CVDrisk (HR1.07,95%CM.04,1.13),in both men and women. Also, participants with
high irrational beliefs and anxiety symptoms had a 138% greater rislevaloping CVDs
during the 1Qyear followup (2.38; 95%CI 1.75, 3.23) as compared to thabeut anxiety.
Preliminaryfindingsfrom the recent 20-year follow-up revealedthat participants with high
levels of IBI were at higher risk of developing CVDs during-ye&O0follow-up period,
compared to participants with low endorsement (HR 1.10, 95%CI 1.10§. Lastly,lower
education status, MetS, anxiety and depression moderated the relationship between
irrational beliefs and CVD risk, whereas dietary habits away fronvibditerraneandiet,
smoking,anxiety and depressiontrajectories, hypertension,hypercholesterolemia, T2DM,
MetS, CGreactive protein (CRPipterleukin-6 (IL-:6) and totalantioxidant capacity (TAC) were
mediators in the tested relationshipsConclusions:Findingsfrom this thesis advance
psychological research in the area of primary prevention of meh&dlth and cardie
metabolic conditions since they underline the important role of irratidoeliefs for the first
time in the literature and the need to build new, holistic approachelsdatier understand the
inter-relationships between psychological, lifestyle, and biologiea¢rminantsin CVDrisk,

but alsothe implementationof correspondingnterventions.

Keywords: thinking; cardiovasculardiseases;metabolic syndrome; Mediterranean diet;

anxiety
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Preface

Ithough there is an ongoing debate since the conception of metabolic syndrome

(MetS)regardingits recognitionasarealsyndromeor aninformativeclinical tool,

MetSis neverthelessaglobalepidemichealthcondition,characterizedy acluster
of interrelated risk factors, including abdominal obesity, hypertriglyceridemialeogls of
high-density lipoprotein cholesterol (HDBC), elevated blood pressure (BP), amdulin
resistance (Alberti et al., 1998; Alberti et al., 2009; NHS, 2019). Thus, MetS cdn &shaebrse
health outcomes such as cardiovasculadisease{CVDs), type Il diabetes(T2DM), non
alcoholic fatty | iver di s e asandeyemartalltybdueto Al z he
interactions among organic, biochemical, clinical, immune, inflammatanynonal, vascular
and genetic factors (Gohil et al., 2001; Kaur, 2014; Scholze et al., Zi0aside from the
abovementionedfactors, stress, psychosocial and environmental faei@slso involved
(Gohiletal.,2001;Tang,2017).

The association between MetS and CVDs is ssthblished and, therefore, several
studies have demonstrated that people with MetS are at a higher risk of developing CVDs
compared to those without MetS (AHA, 2016; AHA, 2021; Kastorini et2il16; Kaur2014;

NHS, 2019; Scholze et al., 201®or example, a study that tracked over 10,D@lividuals
for an average of 15 years, found those with MetS hadirmeé®s greater risk ofleveloping
CVDs compared to those without (Lakka et al., 2002). In addition, accordihg tdmerica
Heart Association (AHA), although each of MetS components is a risk fac@y ks, when
an individual has three or more, and so is diagnosedwatB, the risk otleveloping a serious
cardiovascular condition increase (AHA, 2016). The exact mechanismerlying the
relationship between Met&hd CVDs are not fully understog@Reaven2006).

However, several physiological pathways may contribute to the development of CVDs,
including insulin resistance,inflammation, and endothelial dysfunction (Haffner, 2006).
Insulinresistancés ahallmarkof MetSandit is thoughtto play akeyrolein thedevelopment

of CVDs (Grundy et al., 2005). Insulin resistancdeadsto impaired glucose
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uptake in peripheral tissues, which results in increased insulin secretion and hyperinsulinemia
(Grundyetal., 2005).This hyperinsulinemiain turn, promoteslyslipidemiaandhypertension,

both of which are major risk factors for CVDs (Sowers, 2004). Chronic Igrade
inflammation is commonly observed in individuals with MetS and it is thougturitribute to

the development of atherosclerosis, the underlying pathology of many GiMiasamation

can also contribute to endothelial dysfunction, a condition in which the linireg of blood
vesseldbecomeslamagedieadingto impairedvasodilation,increased/ascularesistancand
thrombosigRo0ss,1999).Endothelialdysfunction is a commorieature of MetS and is thought

to be a key contributor to the development of CVDs (Arcaab,41999).

The National Heart Lung and Blood Institute (NHLBI) of the National Institutéteafth
(NIH) has established widelsecognized diagnostic criteria for MetS (NHLBI, 2022n
individual over 21 years old is diagnosed with MetS if they have at least threefafdineng
five metabolicrisk factors:i) abdominalobesity,definedasa largewaist circumference (>40
inches for men, >35 inches for women), ii) elevated triglycerides, defsfadting triglyceride
levels (> 150 mg/dL), iiihigh-density lipoprotein cholesterdHDL-C), defined as an LDIC
level (<40 mg/dL for men, <50 mg/dL for women), iv) elevated fasghgose defined as
fasting plasma glucose level (>100 mg/dL) and v) elevated blood pressssestolic blood
pressure (SBP) (>130 mm HG) or diastolic blood pressure (DBP) (>8B@Gyor the use of
antihypertensive medication (NHILB2022). It is worth mentioning thather associations and
organizations, such as the World Health Organization (WHO) anbhtaational Diabetes
Federation (IDF), have slightly different definitions of MetS but @ls® widely used and
recognized. CVD term covers a broad spectrum of disorders affebrgeartand blood
vesselfWHO, 2021).

The WHO provides the most widely accepted definition, classifying CVDs as a gfoup
disorders of the heart and blood vessels, including i) coronary heart disease (CH)sthe
prevalent form of CVDs that is characterized by the narrowing of coronary arterissppét
blood to the heart, ii) cerebrovascular disease, which describes conditions thahaftdocbd
vessels that supply blood to the brain, such as stroke, iii) peripheral arterial {Ra&9e
which involves the narrowing of arteriesn the legs, arms, and other parts of oely, iv)
rheumatic heart disease, which is a type of a heart disease caused by rhieveratand v)

congenital heart disease, which describes heart defects present at birthZ024D,
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This thesisis divided into two parts, the generalin which an introduction to the
epidemiology of MetS and its components, CVD and related risk factors is maxtgition
to the presentation of the studied psychological disorders, and a specific part in which the

resultsof the studiedresearcthypotheses angresented.
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1. Epidemiologyof CardicMetabolic Syndrome

1.1. International Epidemiological Data

1.1.1Prevalenceand Incidenceof MetS

ecentepidemiologicallataindicatethattheglobalprevalencef MetS is constantly

rising andis estimatedo be about¥ of thew o r |pdpalation,i.e. over a billion

peoplein the world (Ogurtsovaet al., 2017; Saklayen,2018). A
systematic review and megaalysis of 51 studies from 22 countries found that the overall
prevalence of MetS is around 24% (Kaur et al., 2014). Another study, based on data from the
NationalHealthandNutrition ExaminationSurvey(NHANES) in theUnited Statesestimated
the prevalence of MetS to be about 34% in adults (Ford et al., 2005). Its prevaigewerally
higher in people with a higher body mass index (BMI) and in people witktay of T2DM
(global prevalence: 8.8%), while it varies across different populationseginths (Kastorini
et al., 2016; Saklayen, 2018). Particularly, in terms of sdemographicharacteristics, the
prevalence of MetS increases with age (45% in agegden 6669 yearld), while there is a
higher prevalence in women (between 32.1 to 42.7%) compared t¢beimreen 20.7% to
37.2%) (Ford etal., 2002; Stout et al., 2017). Other factors assocwitcthe high prevalence
of MetS are low socioeconomic status, poverty, and unemploy(asrhetal., 2008;Mabry
etal., 2010Mozumdaret al., 2011 Rochlanietal., 2015).

MetS incidence often parallels the incidence of obesity and T2DM (Saklayen et al.

2018).Accordingto theNHANES dataaverageBMI in the USA from 1988to 2010dncreased
by 0.37% per yean both sexes, while based on the Centers for Disease Candi&revention
(CDC) in 2017, the incidence of T2DM which increased with age reacB8®% among US
popul ation aged O 65 (NCHS & NGiRrBStR,ncidelcd 2; Sa
of MetS increased from 8 to 10.6 in urban areas and 4.9 to 5.3 iame@g\Wangetal., 2007).
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1.1.2Prevalenceand Incidenceof CVDs

CVDs are a major public health concaffecting millions of people worldwid&ased
on data from the Global Burden of Disease Study, concerningommunicablaliseases,
CVDs continue to be the primary cause of death worldwide; with @ifll&n deaths per year
and 31% of all deatrhglobally, followed by neoplasms (WHO, 2021; Rotlalet2018) Figure
1.1). Heart attack and stroke account for 85% of CVD deaths (W8@1,). It is worth noting
that the prevalence and incidence of CVDs vary among diffpmmitlations and regions, with
certain populations being at higher risk due to factors, su@dgasgenetics, lifestyle, and
coexisting medical conditions (Roger et al., 2012). Accordiragiteent demographic data, 1/3
of these deaths occur in adults under the age of 70 andtham@5% in low- and middle-
incomecountries WHO, 2021).
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Source:Roth, etal. 2018

Figure 1.1: Sexdifferences irglobalmortality by age
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Figure 1.2: Percentagehangein all-agemortality at the globallevel from 2007to 2017 by

noncommunicablaiseasedueto populationgrowth,agingandcausespecificmortality

1.2.

European Epidemiological Data

1.2.1Prevalenceand Incidenceof MetS

Findings from 12 cohorts from 10 European countries and 1 fronpddscipants
showed that MetS had a 24.3% prevalence (8468 subjects) (23.9% in men vs 24@Hem

p < 0.001) with an agassociated increase in its prevalence in all the cohorts (Stwbyi

2016).

Data from another collaborative analysis of 10 large cohort studies showed that the

observed prevalence of MetS was mainly driven by the presence of elevated blood pressure
(BP) with ranged from 60%85% of individuals fulfilling the criterion for high BP, and
thereinafter was driven by the presence of elevated blood glucose, triglycerides and obesity

(van VlietOstaptchouk et al., 2014). For example, the-stgadardized percentage of men
with MetS accordingto the classic2001 NCEP ATP Il criteriarangedfrom 42.7%in the
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Italian population to 78.2% in the Finnish population, and for women from 24% to 64.8%,
respectivelyvanVliet-Ostaptchoulet al., 2014).

Since the incidence of MetS is parallel to the incidence of T2DM, data from 11
European countries in 2004 and 2006 (n= 21, 323) reported-ge@mvocumulative incidence
of T2DM in menfrom 2.2%(95%ClI 0.8,3.7) in Denmarkto 7.1%(95%ClI 4.9,9.4) in The
Netherlands, and in women goes from 1.9% (95% CI 0.7, 3.1) in Denmark to 7.8% (95% CI
5.1, 10.4) in SpairiEspelt et al., 2013). The agand countryadjusted cumulative incidence
of T2DM in the period 2004 2006 was 3.8% (95% CI 3.3, 4.3) in menand 3.4% (95% ClI
2.9,3.9)in women(Espeltet al., 2013).

1.2.2Prevalenceand Incidenceof CVDs

CVDs remain thanost common cause of death in Europe accounting for almost 2.2
(45%) million deaths in women and about 1.9 ( 39%) million deaths in men (Timmis et al.,
2022). Ischaemic disease and stroke are the primary and secondary most common cause of
CVD deathsrespectivelyTimmisetal., 2022) Figure 1.3).
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— Stroke - 12%

— Other CVD - 13%
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7/
— Colo-rectal cancer - 2%

=~ Lung cancer - 6%

> Breast cancer - 0.03%
~ Lung cancer - 2%

Breast cancer - 3% — Other cancer - 13%

— Other cancer - 10%

— Respiratory disease - 8%
— Respiratory disease - 6%

= Injuries and poisoning - 3% — Injuries and poisoning - 8%

— Alzheimer's/dementia - 5%
. ° — Alzheimer's/dementia - 2%

—All other causes - 21% — All other causes - 20%

Female Male
4.8 million 4.9 million

SourceTimmisetal., 2022
Figure 1.3: Nationalcause®f deathin womenandmenin the EuropearSocietyof Cardiology
(ESC)membercountries
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Regardinghe ESCmembercountriesthe CVD prevalences estimatedat 113million
people (Timmis et al., 2022). Initially, women have a higher prevalence compansuh tout
after agestandardization, men living with a CVD are more than women [6369 G88%
7139) vs. 7586 (IQR 5968143)], per 100 000 people (Timmis et al., 2022). Apsmple from
middle-income countries have a higher CVD prevalence compared to thogadreimcome

countriesafter age adjustment[7469 (IQR 7094 8016) vs. 5819 (IQR 5347
6845)] per100000people(Timmis etal., 2022).

CVDs incidence is estimated at 12.7 million new cases across all countries in 2019.
Women accounted for more new cases compared to men (6.5 million vsilléoh), butafter
controlling for agew o me imddenceis lower thanmen[668.3(IQR 483.5 857.9)vs.

824.5 (IQR 663.01050.2)], per 100 000 people (Timmis et al., 2022). Also, middleme
countries have a higher risk of CVDs compared to imglome countries, after adjusting for

age in both sexes [975.0 (IQR 8881628 vs. 601.5IQR 526.2 681.9)], per 100 000 people
(Timmisetal., 2022).
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Figure 1.4: Age-standardizedncidenceand prevalenceof CVDs acrossthe ESC member
countries
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Figure 1.5 Age-standardized disabilitadjusted life years due to CVDs in inhabitants of the

ESCmembercountries

1.3. Epidemiological Datafrom Greece

In Greece, the Met&reece crossectional study showed a 23.6% ag@ndardized
MetS prevalence, similar in both sexes (Athyros et al., 200%5.prevalence increases with
agein bothsexes4.8% amongparticipantsaged19i 29 yearsand43% for participantsaged
>70 (Athyros et al., 2004). There is a ol increase in the oddstio for having MetS in
the age group > 70 years old compared to that 029%ears oldAthyros et al., 2004).
Abdominalobesity(82%)andarterialhypertensior{78%)arethemostcommonabnormalities
in both sexeqAthyros et al., 2004).The Greek Muslim Community whiollow a high
saturated fat diet have the highest prevalence of the Mets (35.2%, 95 4#0.3%),and

the military group,with a high physicalactivity levelandadiet6 ¢ | tos e 6
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theMediterraneanhavethelowest(9.4%,95%Cl: 6.2 13.1%)(Athyrosetal., 2004)Figure
1.6). Moreover, n the ATTICA epidemiological study, the overall prevalencéletSis 453
of 2262individuals(19.8%) (Panagiotakaat al., 2004).
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Figure 1.6: Prevalence of MetS (a) by age and gender, (b) by residence and genddro{g) in
sexes and (d) inomparison with that of a Greek Muslim Community with a higgturated fat
diet, of military personnel with high physical activity level and diet close tbidgditerranean

one

CVDs in the Greek population have concerned the scientific community since very
early on. Middleaged men from two Greek islands, Crete and Corfu participated in the Seven

Countries Study (1958014) before the 60shitps://www.sevencountriesstudy.com/study

findings/coronaryheartdiseasgl The study showed that especially residentsfrom rural

villages located in Heraklion had the lowest CVD incidence among all countries that

participated in the study (https://www.sevencountriesstudy.com/stifohdings/coronary

heartdiseasé/ For the first time in the literature, the major protectiverole of the
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Mediterranean diet is highlighted. Later, in 2001, the Cretan cohort joined the piridet
(Knoopsetal. 2004).

The CARDIO2000 (200032001) was the first attemptto evaluatethe association
between several demographiccharacteristicsand dietary habits with the probability of
developing nonfatal acute coronary syndrome (ACS) from different Greek regions
(Panagiotakos et al., 2005). A random sample of 848 patients-161ydars) with their first
CHD eventand1078frequencymatchedby agesex)controlswith no CVDsin theirmedical
history, from all the Greek regions, entered the study. The-aujliisted analysishowed that
a 10unit increase in the diet score was associated with a 27% decreasedshaf having
ACS. The odds ratios varied from roughly 0.5 in Southern to 1.2 or mdferthernGreek
regions(Panagiotakost al., 2005).

To evaluate the levels of several CVD rifsctors in Greece, a populatisasecdhealth
and nutrition survey,the "ATTICA study" was conductedfrom 2001 to 2022. Researchers
randomly enrolled 1514 adult men and 1528 adult wosteatified by agé gender, from the
greater area of Athens (Pitsavos et al., 2003). More than 300 demogrhigsiyle,
behaviouraldietary, clinical, and biochemicalvariableshavebeenrecorded(Pitsavos et al.,
2003). Regarding the frequency of the classi€AID risk factors, 51% ofnen and 39% of
women reported smokers, 37% of men and 25% of women were defihgpesensives, 46%
of men and 40% of women had total serum cholesterol levels abovedZ8D and 8% of men
and 6% of women had a histasy diabetes mellitus (Pitsavos et @&003).Moreover,20% of
menand 15% of womenwere obesewhile menwere morephysically active as comparedo
women (42% vs. 39%). Nineteenpercentof men and 38%of women had mild to severe
depressiveymptoms (Pitsavos et al., 2003). Finally, 72 1t%6) and 45 (3%) women reported
a history of coronary heart disease at entry evalu@Rasavos et al., 2003). In the five years
follow-up period, the incidence of CVDs was 11.@%anen and 6.1% in women; the case
fatality rate was 1.6% (Panagiotakos et al., 2008)reased age, waitt-hip (WH) ratio,
hypertension, diabetes, aner€active protein (CRHgvels were the most significant baseline
bio-clinical predictors of CVDs (Panagiotakos et &008) Furthermore, an increased
education level and greater adherence to the Mediterragiearfamong 35 65-yearold
individuals) were associatedvith a lower CVD incidence,irrespective of various potential
confounders (Panagiotakos et al., 2008). Thgddr CVDincidencewas19.7%in menand
11.7%in women(Panagiotakostal., 2015). Thedeterminant®f CVD eventswereincreased
age,malesex,smoking,andCRPlevels(Panagiotako®t al., 2015). At the latestfollow-up
in 2022, the CVD incident was 3600

41



PhDThesis Metabolic Syndromeandthe Cognitive BehavioralModel

cases/10,000 individuals; the m;mwoman ratio was 1.25, with the peak difference irdie
45 age group (i.e., 2.1); however, a reversal of the trend was observed in-gnewged5i 65
and65i 75, with aresumptiorof analmostequalincidencen those>75years(Damigouetal.,
2023).

Finally, regarding mortality,diseases of the circulatory system were the main causes
of deathin 2020in Greecebasednthedatafrom the HellenicStatisticalAuthority (ELSTAT)
(45,741 deaths)Higure 1.7 and 1.8 but also the previous years (ELSTAT, 20&)yure 1.9
and 1.10.
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Figure 1.7: Percentagédistributionof deathsby maincategorieof causes ofleath,2020
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Avera

Year 2015 | 2006 | 2017 | 2018 | 2019 | 2020 zomg:s
Total deaths 121,083 | 118788 | 120,495 | 120201 | 124958 | 13105 121902
Heart diseases 3059 | 28917| 31618| 30526 | 29804 | 31275| 30291
Cerebrovascular diseases 14,445 13,779 13,797 12,574 12,973 13,022 13,514
Neoplasms 30252 | 30673| 30567| 30331| 30637| 30829| 30492
?y'::::f‘ ety 14835 | 13809| 13847 12668| 13591| 12576 | 13750
fy':f::f‘ o the geeiminy 3663| 3276| 3578| 3544 3866| 4275 3,585
Diseases of the nervous system 2,963 3,235 3,767 3,652 3,546 4,102 3,433
Infectious and parasitic diseases 3,936 4,013 4,165 4,054 4,234 3,921 4,080
’E:edt:;:'l‘: d’:::;':::"a' s 203 | 2006| 2464 2509| 2740| 2767 2,351
Violent deaths 3,946 4,062 4,391 4,518 4,604 4,752 4,304
Other causes 14515 | 15018 | 16301| 15915| 18959 | 18478| 16,142
COVID-19 : - : . .| 50

Source ELSTAT, 2020

Figure 1.9: Deathsby main categoriesof causesof death,years20152020 and average
numberof deathdor theyears20152019
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2. Pathophysiologyof MetSand CVDs

he pathophysiology of both MetS and CVDs is complex and interrelated. Mets, as
mentioned above, is a cluster of metabolic risk factors that occur together and
increasehe risk for CVDs and T2DM (Alberti et al., 2009).1t is characterizedy
centralobesity, insulin resistance, dyslipidemia and hypertension (Grundy, 2016). There are
several hypotheses regarding the pathophysiology of MetS with the most protvemegihat
of the role of insulin resistance (Eckel et al., 2005). Ingefsstance as one of the Kegtures
of MetS is characterized by a redugdllity of insulin to effectively regulateglucose levels
(Kahn et al. 2006). This leads to hyperinsulinemia (i.e., elevated levialsudih in the blood),

which can promote the development of CVDs in several ways (Reb9@h).

First, insulin resistance can contribute to the accumulation of abdominal fat, which
releases fatty acids into the bloodstream (Shulman, 2000). These free fatty acidssupair

signalingandexacerbatésulin resistancegreatingaviciouscycle (Shulman2000).

Second, insulin resistance can lead to dyslipidemia, charactdnzelkvated levelsf
triglycerides and LDEC (Grundy et al., 2004). These changes in lipid metabolisrmprcanote
the formation of plaques (i.e., fatty deposits in the arterial walls), leading ttetledopment

of atherosclerosi§Grundyetal., 2004).

Third, insulin resistance can also contribute to the development of inflammation since
recruits immune cells whickelease inflammatory cytokines (such as tumor necrosis factor
alpha (TNF-U) interleukin6 (IL-6) and adiponectin), oxidative stressand endothelial
dysfunction,which areall associated witlanincreasedisk of CVDs (Kaur, 2014b).

Inflammation can damage the arterial walls, promotingftimenation of plaquesyhile
oxidative stress can impair the functioning of the endothelium, the inner lining bfabe

vesselsJeadingto a decreaseability of theblood vesseldo dilate properly(Libby et
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al., 2011) Figure 2.1). Moreover, increased secretion of prothrombin activator inhiitor
(PAI-1) contributes to a prooagulantstate and along with endothelial dysfunction leadmto
increased risk of atherothrombosis, hypertension and CVDs (Kohler & Shulman, 2006).
Hypertension or elevated blood pressure is another typical feature of MetS and a major risk
factor for CVDs (Grundy, 2016). The exact mechanisms by which hypertension develops in
the context of MetS are not fully understood, but it is tibug involve the activation of the

renninangiotensiraldosteronasystempxidativestressandinflammation(Oparil et al., 2003).
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Figure 2.1: Pathophysiologpf MetS

2.1. Inflammation and Endothelial Dysfunction

Unhealthy diet, smoking, obesity, and physical inactivity are among the modiigible
factors for CVDs since they lead to a pndlammatory state (Allend¥igo, 2010).

Inflammatory responseparticipatesin the pathogenesi®f CVDs, through atherosclerosis,
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from the beginningto the stageof thrombotic complications(Carter, 2012; Libby et al.,
2006).

Theblood vesselonsistof connectivetissue fibroblasts, endotheliaells and
vascularsmoothmusclecells (VSMCs) (Sunetal., 2020). The endotheliumis a thin
membrane of endothelial cells that lines the inner of the blood vessels (arteries, veins and
capillaries)and the lymphatic system,and consequentlydirectly contactsthe blood/lymph
andcirculatingcells (Félétou2011).Activatedendothelial cellseleasanflammatory
cytokines,chemokineghatcontrol vascularelaxationandcontractionrandpromote
migration,as wellas enzymessuchasendothelialitric oxide synthaseakey enzymein the
production of the vasodilator nitric oxide (NO) that control blood clotting, immune function
andplatelet(i.e., a componenbf blood that contributeso hemostasisthe processof stoping
bleeding caused by bloagssel injury where the endothelium is interrupted initiating a blood

clot) adhesion (https://www.cedarsinai.org/programs/heart/clinical/womens

heart/conditions/endothelifiinctiontesting.htmi

https://www.sciencedirect.com/topics/medicimeddentistry/endotheliahitric-oxide-

synthaseParkWindhol& D 6 a m&016&).The endotheliakcellswith inflammatory
phenotypecausanflammation inthe blood vesselsresultingin endotheliadysfunction(Sun
et al., 2016). Endothelialcell inflammationis responsiblefor atherosclerosigSun et al.,
2020).

2.2. Atherosclerosis

Atherosclerosis is a chronic inflammatory condition characterized by the ujuitd
plague within the walls of arteries, which leads to the narrowing and hardening of these blood
vessels over time (Libby & Theroux, 2005). Thiecess can impair blood flow to vitagans
and tissues, leading ta range of CVDs, such as coronary artery disease (Cgtidke, and
peripheral artery disease (Libby & Theroux, 2005). The underlying mechanism of
atherosclerosis involves the accumulation of lipids, inflammatory cells, and connective tissue
in the arterial wall, forming a fatty deposit called an atherosclerotic plague (Ross,Alag9g
consists of cholesterol, triglycerides and othedbpghat are deposited within theterial wall,
along with immune cells, suchas macrophages andl-lymphocytes, whichrelease
inflammatory cytokinesand enzymeshat further promoteplaquegrowth and inflammation
(Ross, 1999). Smooth muscle cetighe arterial wall also proliferate amdigratetowardthe
plaque,contributingto its growth andstability (Ross,1999). As previously stated,there are

severalrisk factors associatedvith the developmenif
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atherosclerosis, including age, genetics, high blood pressure, high cholesterol levels, diabetes,
obesity and smoking (Steinberg, 2005). The risk factors can lead to endothelial dysfunction, a
condition in which the inner lining of the artery becomes damaged, allowing lipids and other

substancet accumulatevithin thearterialwall (Steinberg2005) Eigure 2.2).

SourceSteinietal., 2015
Figure 2.2: Pathogenesisf atherosclerosis

2.3. Links among Inflammation and Endothelial Dysfunction and the
Autonomous Nervous System (ANS)

Thenervoussystem(NS) consistf thecentralnervoussystem(CNS) whichincludes
thebrainandthe spinalcord andthe peripheral nervous system (PN&hichincludes nerves
that branch off form the spinal cord arektend to all parts of the human body

(https://www.nichd.nih.gov/health/topics/neuro/conditioninfo/parts

The autonomous nervowsystem (ANS) is a component of the PNS that regulates
severaphysiologicabrocessesmongwhich areheartrate,blood pressurejnsulinsecretion,
lipid metabolismyespiration digestionandsexualarousallEpel et al.,2000;McEwen,1998;
Waxenbaunet al., 2019). The ANS constituteghe sympatheticthe parasympathetic and the
enteric distinct division (Waxenbaum et al., 2019). The sympathetithe parasympathetic
nervoussystemsaveoppositeroles.In particular,while thesympathetic systemrarries signals
t hat al ert the bodyods s ycartiessighals tthateelaxpbady a s y mp &
systems(https://my.clevelandclinic.org/health/body/23262
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