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ʰ˅ʽˇ˂ˇʴʺˋʶʽˌ ˁʰʽ ˉʰˊʰˁˇ˂ˇˎʻʺʻʹˁʰ˄ ʴʽʰ мл ʷˍʹ όнллн-нлмнύΣ ʰˉˇˍʶ˂ˇˏ˄ ˍˇ ʵʶʾʴ˃ʰ ˍʹˌ 

ˉʰˊˇˏˋʰˌ ˃ʶ˂ʷˍʹˌΦ ʃˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʰ˄ ʲʽˇ˔ʹ˃ʽˁʷˌΣ ˁ˂ʽ˄ʽˁʷˌ ʰ˅ʽˇ˂ˇʴʺˋʶʽˌ ˁʰʽ ˁʰˍʰʴˊʰ˒ʺ 

ˍˇˎ ˍˊˈˉˇˎ ʸ˖ʺˌΣ ʶ˄˗ ˇʽ ˉʰˊʱ˂ˇʴʶˌ ˉʶˉˇʽʻʺˋʶʽˌΣ ˍˇ ʱʴ˔ˇˌΣ ʹ ˁʰˍʱʻ˂ʽ˕ʹ ˁʰʽ ʹ ʶ˔ʻˊˈˍʹˍʰ 

ʰ˅ʽˇ˂ˇʴʺʻʹˁʰ˄ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˍˇ ʶˊ˖ˍʹ˃ʰˍˇ˂ˈʴʽˇ ʰˎˍˈ-ʰ˄ʰ˒ˇˊʱˌ ʴʽʰ ˍʽˌ ˉʰˊʱ˂ˇʴʶˌ 

ˉʶˉˇʽʻʺˋʶʽˌ όL.LΣ ʶˏˊˇˌ ʲʰʻ˃ˇ˂ˇʴʾʰˌ 0-88), ˍˇ ʶˊ˖ˍʹ˃ʰˍˇ˂ˈʴʽˇ ʱʴ˔ˇˎˌ ˍˇˎ Spielberger 

(STAI, ʶˏˊˇˌ ʲʰʻ˃ˇ˂ˇʴʾʰˌ 20 -80), ˍʹ˄ ˁ˂ʾ˃ʰˁʰ ʰˎˍˈ-ʰ˅ʽˇ˂ˈʴʹˋʹˌ ˍʹˌ 
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ˁʰˍʱʻ˂ʽ˕ʹˌ ̱ ˇˎˌ Zung (ZDRS, ʁ ˏˊˇˌ ̡ ʰʻ˃ˇ˂ˇʴʾʰˌ 20-80) ˁ ʰʽ ̱  ̌ʶˊ˖ˍʹ˃ʰˍˇ˂ˈʴʽˇ ʁ ˔ʻˊˈˍʹˍʰˌ 

ˁʰʽ ˁʰˍʶˏʻˎ˄ˋʹˌ ˍʹˌ ʶ˔ʻˊˈˍʹˍʰˌ όI5IvΣ ʶˏˊˇˌ ʲʰʻ˃ˇ˂ˇʴʾʰˌ л-ррύΣ ʰ˄ˍʾˋˍˇʽ˔ʰΦ ɶ ʶˉʾˉˍ˖ˋʹ 

ˍ˖˄ ɼɮɿ ˇˊʾˋˍʹˁʶ ˋˏ˃˒˖˄ʰ ˃ ʁˍ hˁˊʽˍʺˊʽʰ ˍʹˌ ɲʽʶʻ˄ˇˏˌ ʅˍʰˍʽˋˍʽˁʺˌ ʆʰ˅ʽ˄ˈ˃ʹˋʹˌ ɿˈˋ˖˄ 

ˁʰʽ ʅˎ˄ʰ˒˗˄ ʃˊˇʲ˂ʹ˃ʱˍ˖˄ ʇʴʶʾʰˌ ICD-10. ɳ˒ʰˊ˃ˈˋˍʹˁʶ ˃ˇ˄ˇ˃ʶˍʰʲ˂ʹˍʺ ˁʰʽ 

ˉˇ˂ˎ˃ʶˍʰʲ˂ʹˍʺ ˂ˇʴʽˋˍʽˁʺ ̄ ʰ˂ʽ˄ʵˊˈ˃ʹˋʹ ʴʽʰ ˍʹ˄ ʶˁˍʾ˃ʹˋʹ ˍˇˎ ˁʽ˄ʵˏ˄ˇˎ ʰ˄ʱˉˍˎ˅ʹˌ ɾʅ ˁʰʽ 

ɼɮɿΣ ˁʰʽ ʴʽʰ ˍˇ˄ ʷ˂ʶʴ˔ˇ ˋˎʴ˔ˎˍʽˁ˗˄ ˉʰˊʰʴˈ˄ˍ˖˄Σ ˁʰʻ˗ˌ ˁʰʽ ˋˍˊ˖˃ʰˍˇˉˇʽʹ˃ʷ˄ʹ ˂ˇʴʽˋˍʽˁʺ 

ˉʰ˂ʽ˄ʵˊˈ˃ʹˋʹ ʴʽʰ ˍʹ˄ ʰ˄ʾ˔˄ʶˎˋʹ ˉʽʻʰ˄˗˄ ˍˊˇˉˇˉˇʽʹˍ˗˄Φ ɮˉˇˍʶ˂ʷˋ˃ʰˍʰΥ ɶ ˃ʷˋʹ ˍʽ˃ʺ IBI 

ʺˍʰ˄ 53±2 ʴʽʰ ˍˇˎˌ ʱ˄ʵˊʶˌ ˁʰʽ 53±3 ʴʽʰ ˍʽˌ ʴˎ˄ʰʾˁʶˌ (pҐлΣууύΦ ʆʰ ˎ˕ʹ˂ʱ ʶˉʾˉʶʵʰ L.L 

ˋˎˋ˔ʶˍʾˋˍʹˁʰ˄ ˃ʶ мΣр ˒ˇˊʷˌ ˉʶˊʽˋˋˈˍʶˊʶˌ ˉʽʻʰ˄ˈˍʹˍʶˌ ʶ˃˒ʱ˄ʽˋʹˌ ɾʶˍʅΣ ˋˎʴˁˊʽˍʽˁʱ ˃ʶ ˍʰ 

˔ʰ˃ʹ˂ʱ ʶˉʾˉʶʵʰ L.LΦ ɳˉʽˉ˂ʷˇ˄Σ ˇʽ ˋˎ˃˃ʶˍʷ˔ˇ˄ˍʶˌ ˃ʶ ˎ˕ʹ˂ˈ L.L ˁʰʽ ˎ˕ʹ˂ˈ {¢!L ʶʾ˔ʰ˄ фс҈ 

ˉʶˊʽˋˋˈˍʶˊʶˌ ˉʽʻʰ˄ˈˍʹˍʶˌ ˄ʰ ʰ˄ʰˉˍˏ˅ˇˎ˄ ɾʶˍʅΣ ˋʶ ˋˏʴˁˊʽˋʹ ˃ʶ ʶˁʶʾ˄ˇˎˌ ˃ʶ ˔ʰ˃ʹ˂ˈ L.L ˁʰʽ 

˔ʰ˃ʹ˂ˈ ʺ ˎ˕ʹ˂ˈ {¢!L ώʅ˔ʶˍʽˁˈˌ ɽˈʴˇˌ όʅɽύҐ мΣфсΤ фр҈ ɲʽʱˋˍʹ˃ʰ ɳ˃ˉʽˋˍˇˋˏ˄ʹˌ όɲɳύΥ όмΣлмΣ 

оΣулύϐΦ ɶ ˎ˕ʹ˂ʺ ʲʰʻ˃ˇ˂ˇʴʾʰ L.L ˋˎˋ˔ʶˍʾˋˍʹˁʶΣ ʶˉʾˋʹˌΣ ʻʶˍʽˁʱ ˃ʶ ˍˇ мл-ʶˍʺ ˁʾ˄ʵˎ˄ˇ ɼɮɿ 

ώʅ˔ʶˍʽˁˈˌ ɼʾ˄ʵˎ˄ˇˌ όʅɼύҐ мΣлтΣ фр҈ɲɳ мΣлпΣ мΣмоύϐΣ ˍˈˋˇ ˋˍˇˎˌ ʱ˄ʵˊʶˌ ˈˋˇ ˁʰʽ ˋˍʽˌ ʴˎ˄ʰʾˁʶˌΦ 

ɳˉʾˋʹˌΣ ˇʽ ˋˎ˃˃ʶˍʷ˔ˇ˄ˍʶˌ ˃ʶ ˎ˕ʹ˂ʷˌ ˉʰˊʱ˂ˇʴʶˌ ̄ ʶˉˇʽʻʺˋʶʽˌ ˁʰʽ ˋˎ˃ˉˍ˗˃ʰˍʰ ʱʴ˔ˇˎˌ ʶʾ˔ʰ˄ 

моу҈ ˃ʶʴʰ˂ˏˍʶˊˇ ˁʾ˄ʵˎ˄ˇ ʶ˃˒ʱ˄ʽˋʹˌ ɼɮɿ ˁʰˍʱ ̱ ʹ ʵʽʱˊˁʶʽʰ ˍʹˌ мл-ʶˍˇˏˌ ˉʰˊʰˁˇ˂ˇˏʻʹˋʹˌ 

όʅɼ нΣоуΣ фр҈ɲɳ мΣтрΣ оΣноύ ˋʶ ˋˏʴˁˊʽˋʹ ˃ʶ ʶˁʶʾ˄ˇˎˌ ˔˖ˊʾˌ ʱʴ˔ˇˌΦ ɳˉʽˉˊˈˋʻʶˍʰΣ 

ˉˊˇˁʰˍʰˊˁˍʽˁʱ ʶˎˊʺ˃ʰˍʰ ʰˉˈ ˍʹ˄ ˉˊˈˋ˒ʰˍʹ нл-ʶˍʺ ˉʰˊʰˁˇ˂ˇˏʻʹˋʹ ʰˉˇˁʱ˂ˎ˕ʰ˄ ˈˍʽ ˇ ̔

ˋˎ˃˃ʶˍʷ˔ˇ˄ˍʶˌ ˃  ʁˎ ˕ʹ˂ʱ ʁ ˉʾˉʶʵʰ IBI ʵʽʷˍˊʶ˔ʰ˄ ʁ ˉʾˋʹˌ ˎ ˕ʹ˂ˈˍʶˊˇ ˁ ʾ˄ʵˎ˄ˇ ˄  hh ˄ʰˉˍˏ˅ˇˎ˄ 

ɼɮɿ ˁ ʰˍʱ ̱  ́ɻ ʽʱˊˁʶʽʰ ̄ ʶˊʽˈʵˇˎ ̄ ʰˊʰˁˇ˂ˇˏʻʹˋʹˌ нл ʶˍ˗˄ όнллн-нлннύΣ ˋʶ ˋˏʴˁˊʽˋʹ ˃ʶ ˍˇˎˌ 

ˋˎ˃˃ʶˍʷ˔ˇ˄ˍʶˌ ˃ʶ ˔ʰ˃ʹ˂ʱ ʶˉʾˉʶʵʰ όʅɼ 1,10, фр҈ɲɳ 1,05 1.14). ʆ ̌˔ʰ˃ʹ˂ˈ ˃ˇˊ˒˖ˍʽˁˈ 

ʶˉʾˉʶʵˇΣ ˍ ̌ʱʴ˔ˇˌ ˁʰʽ  ́ˁʰˍʱʻ˂ʽ˕ʹΣ ˁʰʽ ˍˇ ɾʶˍʅΣ ʷ˔ˇˎ˄ ˍˊˇˉˇˉˇʽʹˍʽˁʺ ʶˉʾʵˊʰˋʹ ˋˍʹ ˋ˔ʷˋʹ 

˃ʶˍʰ˅ˏ ˍ˖˄ ˉʰˊʱ˂ˇʴ˖˄ ̄ ʶˉˇʽʻʺˋʶ˖˄ ˁʰʽ ɼɮɿΣ ʶ˄˗ ˇʽ ʵʽʰˍˊˇ˒ʽˁʷˌ ˋˎ˄ʺʻʶʽʶˌ ˃ʰˁˊʽʱ ʰˉˈ ˍʹ 

˃ʶˋˇʴʶʽʰˁʺ ʵʽʰˍˊˇ˒ʺΣ ˍˇ ˁɦ ˉ˄ʽˋ˃ʰΣ ʹ ˎˉʷˊˍʰˋʹΣ ˇʽ ˍˊˇ˔ʽʷˌ ʱʴ˔ˇˎˌ ˁʰʽ ˁʰˍʱʻ˂ʽ˕ʹˌΣ ʹ 

ˎˉʶˊ˔ˇ˂ʹˋˍʶˊˇ˂ʰʽ˃ʾʰΣ ˍˇ ɾʶˍʅΣ ˇ ˋʰˁ˔ʰˊ˗ʵʹˌ ʵʽʰʲʺˍʹˌ ˍˏˉˇˎ ɹɹΣ ʹ /-ʰ˄ˍʽʵˊ˗ˋʰ ˉˊ˖ˍʶˀ˄ʹ 

ό/wtύΣ ʹ ʽ˄ˍʶˊ˂ʶˎˁʾ˄ʹ- 6 (IL-6) ˁ ʰʽ ́  ̌ ˂ʽˁʺ h ˄ˍʽˇ˅ʶʽʵ˖ˍʽˁʺ ̔ ˁʰ˄ˈˍʹˍʰ (TAC) ̋ ˍʰ˄ ˃ ʶˋˇ˂ʰʲʹˍʷˌ 

ˋˍʽˌ ˎˉˈ ˃ʶ˂ʷˍʹ ˋˎˋ˔ʶˍʾˋʶʽˌΦ ʅˎ˃ˉʶˊʱˋ˃ʰˍʰΥ ʆʰ ʶˎˊʺ˃ʰˍʰ ʰˎˍʺˌ ˍʹˌ ʵʽʰˍˊʽʲʺˌ ˉˊˇʱʴˇˎ˄ 

ˍʹ˄ ˕ˎ˔ˇ˂ˇʴʽˁʺ ̫ ˊʶˎ˄ʰ ̀ ˍˇ˄ ̱ ˇ˃ʷʰ ̱ ʹˌ ̄ ˊ˖ˍˇʴʶ˄ˇˏˌ ̄ ˊˈ˂ʹ˕ʹˌ ̱ ʹˌ ̞ ˎ˔ʽˁʺˌ ˎ ʴʶʾʰˌ ˁ ʰʽ ̱ ˖˄ 

ˁʰˊʵʽˇ- ˃ ʶˍʰʲˇ˂ʽˁ˗˄ ̄ ʰʻʺˋʶ˖˄Σ ˁ ʰʻ˗ˌ ˎ ˉˇʴˊʰ˃˃ʾʸˇˎ˄ ̱ ˇ˄ ̀ ʹ˃ʰ˄ˍʽˁˈ ́ ˈ˂ˇ ̱ ˖˄ ̄ ʰˊʱ˂ˇʴ˖˄ 

ˉʶˉˇʽʻʺˋʶ˖˄Σ ɹ ʽʰ ˉˊ˗ˍʹ ˒ˇˊʱ ˋˍʹ ʲʽʲ˂ʽˇʴˊʰ˒ʾʰΣ ˁʰʽ ˍʹ˄ ʰ˄ʱʴˁʹ ˇʽˁˇʵˈ˃ʹˋʹˌ ˄ʷ˖˄Σ 
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ˇ˂ʽˋˍʽˁ˗˄ ˉˊˇˋʶʴʴʾˋʶ˖˄ ʴʽʰ ˍʹ˄ ˁʰ˂ˏˍʶˊʹ ˁʰˍʰ˄ˈʹˋʹ ˍ˖˄ ʰ˂˂ʹ˂ʶˉʽʵˊʱˋʶ˖˄ ˃ʶˍʰ˅ˏ ˍ˖˄ 

˕ˎ˔ˇ˂ˇʴʽˁ˗˄Σ ˋˎ˃ˉʶˊʽ˒ˇˊʽˁ˗˄ ˁʰʽ ʲʽˇ˂ˇʴʽˁ˗˄ ˁʰʻˇˊʽˋˍʽˁ˗˄ ˉʰˊʰʴˈ˄ˍ˖˄ ˋˍˇ˄ ˁʾ˄ʵˎ˄ˇ 

ɼɮɿΣ h ˂˂ʱ ˁ ʰʽ ˍʹ˄ ʁ ˒ʰˊ˃ˇʴʺ h ˄ˍʾˋˍˇʽ˔˖˄ ˉʰˊʶ˃ʲʱˋʶ˖˄Φ 

ɽʷ˅ʶʽˌ ɼ˂ʶʽʵʽʱΥ ̄ ʶˉˇʽʻʺˋʶʽˌΤ ˁ ʰˊʵʽʰʴʴʶʽʰˁʷˌ ̄ ʰʻʺˋʶʽˌΤ ˃ ʶˍʰʲˇ˂ʽˁˈ ˋˏ˄ʵˊˇ˃ˇΤ ɾʶˋˇʴʶʽʰˁʺ 

ʵʽʰˍˊˇ˒ʺΤ ɦ ʴ˔ˇˌ 
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ABSTRACT 
 
 
 
 
 

Background/Aim: Cardio-metabolic conditions (i.e., metabolic syndrome (MetS) and 

cardiovascular diseases (CVDs) are the primary cause of death around the world even though 

they are often preventable. This thesis proposes that psychological theories, derived from the 

Cognitive-Behavioural Therapy and the Rational-Emotive Behavioural Therapy (CBT/REBT) 

models can explain the onset of MetS and CVDs, taking into consideration the primary role of 

their core construct, namely irrational beliefs, directly through neurochemical and 

biochemical dysregulation, and/or through dysfunctional emotions and behaviours. 

Therefore, given that cardio-metabolic disorders are extremely complex, the purpose of this 

thesis is to better explain their development considering irrational beliefs and specifically, 

to examine whether MetS could play a mediating role in the potential relationship between 

irrational beliefs and CVDs. Another goal is to fill current gaps in knowledge and inform future 

directions for public health, which could eventually include bio-psychosocial interventions for 

individuals at high risk for cardio-metabolic diseases in first-choice interventions. Material 

and Methods: 853 participants without a history of CVDs [453 men (aged 45±13 years) and 

400 women (aged 44±18 years)] from the ATTICA study (2002-2012) underwent psychological 

evaluations. Detailed biochemical, clinical, and lifestyle evaluations were performed, while 

ǇŀǊǘƛŎƛǇŀƴǘǎΩ irrational beliefs, anxiety, depression and hostility were assessed using the 

Irrational Beliefs Inventory (IBI, range 0- 88), the Spielberger State-Trait Anxiety Inventory 

(STAI, score 20-80), the Zung Self-Rating Depression Scale (ZDRS, score 20-80) and the 

Hostility and Direction of Hostility Questionnaire (HDHQ, score 0-55), respectively. The CVD 

incidence was defined according to the International Coding Diseases (ICD)-10 criteria. 

Univariable and multivariable logistic regression was applied to estimate the risk of 

developing MetS and CVDs and to control for confounders, as well as stratified logistic 

regression, to detect moderator effects. Results: 
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Mean IBI score was 53±2 in men and 53±3 in women (p=0.88). High IBI was associated with 

1.5-times higher odds of developing MetS than low IBI. Additionally, participants with high IBI 

and high STAI were 96% more likely to develop MetS, compared with those with low IBI and 

low or high STAI (OR 1.96; 95% CI 1.01, 3.80). IBI score was also positively associated with 10-

year CVD risk (HR 1.07, 95%CI 1.04, 1.13), in both men and women. Also, participants with 

high irrational beliefs and anxiety symptoms had a 138% greater risk of developing CVDs 

during the 10-year follow-up (2.38; 95%CI 1.75, 3.23) as compared to those without anxiety. 

Preliminary findings from the recent 20-year follow-up revealed that participants with high 

levels of IBI were at higher risk of developing CVDs during a 20-year follow-up period, 

compared to participants with low endorsement (HR 1.10, 95%CI 1.05 1.14). Lastly, lower 

education status, MetS, anxiety and depression moderated the relationship between 

irrational beliefs and CVD risk, whereas dietary habits away from the Mediterranean diet, 

smoking, anxiety and depression trajectories, hypertension, hypercholesterolemia, T2DM, 

MetS, C-reactive protein (CRP), interleukin-6 (IL-6) and total antioxidant capacity (TAC) were 

mediators in the tested relationships. Conclusions: Findings from this thesis advance 

psychological research in the area of primary prevention of mental health and cardio-

metabolic conditions since they underline the important role of irrational beliefs for the first 

time in the literature and the need to build new, holistic approaches to better understand the 

inter-relationships between psychological, lifestyle, and biological determinants in CVD risk, 

but also the implementation of corresponding interventions. 

 

Keywords: thinking; cardiovascular diseases; metabolic syndrome; Mediterranean diet; 

anxiety 
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Preface 
 
 
 
 
 

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

(MetS) regarding its recognition as a real syndrome or an informative clinical tool, 

MetS is nevertheless, a global epidemic health condition, characterized by a cluster 

of interrelated risk factors, including abdominal obesity, hypertriglyceridemia, low levels of 

high-density lipoprotein cholesterol (HDL-C), elevated blood pressure (BP), and insulin 

resistance (Alberti et al., 1998; Alberti et al., 2009; NHS, 2019). Thus, MetS can lead to adverse 

health outcomes, such as cardiovascular diseases (CVDs), type II  diabetes (T2DM), non-

alcoholic fatty liver disease (NAFLD), Alzheimerôs disease, cancers and even mortality, due to 

interactions among organic, biochemical, clinical, immune, inflammatory, hormonal, vascular 

and genetic factors (Gohil et al., 2001; Kaur, 2014; Scholze et al., 2010). But aside from the 

abovementioned factors, stress, psychosocial and environmental factors are also involved 

(Gohil et al., 2001; Tang, 2017). 

The association between MetS and CVDs is well-established 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 et al., 2016; Kaur, 2014; 

NHS, 2019; Scholze et al., 2010). For example, a study that tracked over 10,000 individuals 

for an average of 15 years, found those with MetS had a 3-times greater risk of developing 

CVDs compared to those without (Lakka et al., 2002). In addition, according to the America 

Heart Association (AHA), although each of MetS components is a risk factor for CVDs, when 

an individual has three or more, and so is diagnosed with MetS, the risk of developing a serious 

cardiovascular condition increase (AHA, 2016). The exact mechanisms underlying the 

relationship between MetS and CVDs are not fully understood (Reaven, 2006). 

However, several physiological pathways may contribute to the development of CVDs, 

including insulin resistance, inflammation, and endothelial dysfunction (Haffner, 2006). 

Insulin resistance is a hallmark of MetS and it is thought to play a key role in the development 

of CVDs (Grundy et al., 2005). Insulin resistance leads to impaired glucose 
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uptake in peripheral tissues, which results in increased insulin secretion and hyperinsulinemia 

(Grundy et al., 2005). This hyperinsulinemia, in turn, promotes dyslipidemia and hypertension, 

both of which are major risk factors for CVDs (Sowers, 2004). Chronic low- grade 

inflammation is commonly observed in individuals with MetS and it is thought to contribute to 

the development of atherosclerosis, the underlying pathology of many CVDs. Inflammation 

can also contribute to endothelial dysfunction, a condition in which the inner lining of blood 

vessels becomes damaged, leading to impaired vasodilation, increased vascular resistance and 

thrombosis (Ross, 1999). Endothelial dysfunction is a common feature of MetS and is thought 

to be a key contributor to the development of CVDs (Arcaro et al., 1999). 

The National Heart Lung and Blood Institute (NHLBI) of the National Institutes of Health 

(NIH) has established widely recognized diagnostic criteria for MetS (NHLBI, 2022). An 

individual over 21 years old is diagnosed with MetS if they have at least three of the following 

five metabolic risk factors: i) abdominal obesity, defined as a large waist circumference (>40 

inches for men, >35 inches for women), ii) elevated triglycerides, defined as fasting triglyceride 

levels (> 150 mg/dL), iii) high-density lipoprotein cholesterol (HDL-C), defined as an LDL-C 

level (<40 mg/dL for men, <50 mg/dL for women), iv) elevated fasting glucose defined as 

fasting plasma glucose level (>100 mg/dL) and v) elevated blood pressure as systolic blood 

pressure (SBP) (>130 mm HG) or diastolic blood pressure (DBP) (>85 mm HG), or the use of 

antihypertensive medication (NHLBI, 2022). It is worth mentioning that other associations and 

organizations, such as the World Health Organization (WHO) and the International Diabetes 

Federation (IDF), have slightly different definitions of MetS but are also widely used and 

recognized. CVD term covers a broad spectrum of disorders affecting the heart and blood 

vessels (WHO, 2021). 

The WHO provides the most widely accepted definition, classifying CVDs as a group of 

disorders of the heart and blood vessels, including i) coronary heart disease (CHD), the most 

prevalent form of CVDs that is characterized by the narrowing of coronary arteries that supply 

blood to the heart, ii) cerebrovascular disease, which describes conditions that affect the blood 

vessels that supply blood to the brain, such as stroke, iii) peripheral arterial disease (PAD), 

which involves the narrowing of arteries   in the legs, arms, and other parts of the body, iv) 

rheumatic heart disease, which is a type of a heart disease caused by rheumatic fever, and v) 

congenital heart disease, which describes heart defects present at birth (WHO, 2021). 
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This thesis is divided into two parts, the general in which an introduction to the 

epidemiology of MetS and its components, CVD and related risk factors is made, in addition 

to the presentation of the studied psychological disorders, and a specific part in which the 

results of the studied research hypotheses are presented. 
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1. Epidemiology of Cardio-Metabolic Syndrome 
 
 
 
 
 

1.1. International  Epidemiological  Data 

 

 
1.1.1 Prevalence and Incidence of MetS 

 
ecent epidemiological data indicate that the global prevalence of MetS is constantly 

rising and is estimated to be about ¼ of the worldôs population, i.e., over a billion 

people in the world (Ogurtsova et al., 2017; Saklayen, 2018). A 

systematic review and meta-analysis 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 

National Health and Nutrition Examination Survey (NHANES) in the United States, estimated 

the prevalence of MetS to be about 34% in adults (Ford et al., 2005). Its prevalence is generally 

higher in people with a higher body mass index (BMI) and in people with a history of T2DM 

(global prevalence: 8.8%), while it varies across different populations and regions (Kastorini 

et al., 2016; Saklayen, 2018). Particularly, in terms of socio-demographic characteristics, the 

prevalence of MetS increases with age (45% in ages between 60-69 years old), while there is a 

higher prevalence in women (between 32.1 to 42.7%) compared to men (between 20.7% to 

37.2%) (Ford et al., 2002; Stout et al., 2017). Other factors associated with the high prevalence 

of MetS are low socioeconomic status, poverty, and unemployment (Erem et al., 2008; Mabry 

et al., 2010; Mozumdar et al., 2011; Rochlani et al., 2015). 

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

2018). According to the NHANES data average BMI in the USA from 1988 to 2010 increased 

by 0.37% per year in both sexes, while based on the Centers for Disease Control and Prevention 

(CDC) in 2017, the incidence of T2DM which increased with age reached a 25.2% among US 

population aged Ó 65 (NCHS & NCHSR, 2012; Saklayen et al. 2018). In China, the incidence 

of MetS increased from 8 to 10.6 in urban areas and 4.9 to 5.3 in rural areas (Wang et al., 2007). 
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1.1.2 Prevalence and Incidence of CVDs 

 

CVDs are a major public health concern affecting millions of people worldwide. Based 

on data from the Global Burden of Disease Study, concerning non-communicable diseases, 

CVDs continue to be the primary cause of death worldwide; with 17.8 million deaths per year 

and 31% of all deaths globally, followed by neoplasms (WHO, 2021; Roth et al., 2018) (Figure 

1.1). Heart attack and stroke account for 85% of CVD deaths (WHO, 2021). It is worth noting 

that the prevalence and incidence of CVDs vary among different populations and regions, with 

certain populations being at higher risk due to factors, such as age, genetics, lifestyle, and 

coexisting medical conditions (Roger et al., 2012). According to current demographic data, 1/3 

of these deaths occur in adults under the age of 70 and more than 75% in low- and middle-

income countries (WHO, 2021). 

 

Source: Roth, et al. 2018 

 
 

Figure 1.1: Sex differences in global mortality by age 
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Source: Roth et al., 2018 

 
 

Figure 1.2: Percentage change in all-age mortality at the global level from 2007 to 2017 by 

non-communicable disease, due to population growth, aging and cause-specific mortality 

 

1.2. European  Epidemiological  Data 

1.2.1 Prevalence and Incidence of MetS 

 

Findings from 12 cohorts from 10 European countries and 1 from Us participants 

showed that MetS had a 24.3% prevalence (8468 subjects) (23.9% in men vs 24.6% in women, 

p < 0.001) with an age-associated increase in its prevalence in all the cohorts (Scuteri et al., 

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 Vliet-Ostaptchouk et al., 2014). For example, the age-standardized percentage of men 

with MetS according to the classic 2001 NCEP ATP III  criteria ranged from 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%, 

respectively (van Vliet-Ostaptchouk et 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 a two-year cumulative incidence 

of T2DM in men from 2.2% (95% CI 0.8, 3.7) in Denmark to 7.1% (95% CI 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 Spain (Espelt et al., 2013). The age- and country-adjusted cumulative incidence 

of T2DM in the period 2004ï2006 was 3.8% (95% CI 3.3, 4.3) in men and 3.4% (95% CI 

2.9, 3.9) in women (Espelt et al., 2013). 

 
1.2.2 Prevalence and Incidence of CVDs 

 
CVDs remain the most 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 deaths, respectively (Timmis et al., 2022) (Figure 1.3). 

 

Source: Timmis et al., 2022 

Figure 1.3: National causes of death in women and men in the European Society of Cardiology 

(ESC) member countries 
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Regarding the ESC member countries, the CVD prevalence is estimated at 113 million 

people (Timmis et al., 2022). Initially, women have a higher prevalence compared to men but 

after age-standardization, men living with a CVD are more than women [6369 (IQR 5385ï

7139) vs. 7586 (IQR 5963ï8143)], per 100 000 people (Timmis et al., 2022). Also, people from 

middle-income countries have a higher CVD prevalence compared to those from high-income 

countries after age adjustment [7469 (IQR 7094ï8016) vs. 5819 (IQR 5347ï 

6845)], per 100 000 people (Timmis et al., 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 vs. 6.1 million), but after 

controlling for age womenôs incidence is lower than men [668.3 (IQR 483.5ï857.9) vs. 

824.5 (IQR 663.0ï1050.2)], per 100 000 people (Timmis et al., 2022). Also, middle-income 

countries have a higher risk of CVDs compared to high-income countries, after adjusting for 

age in both sexes [975.0 (IQR 888.6ï1028 vs. 601.5 (IQR 526.2ï681.9)], per 100 000 people 

(Timmis et al., 2022). 

 

Source: Timmis et al., 2022 

Figure 1.4: Age-standardized incidence and prevalence of CVDs across the ESC member 

countries 
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Source: Timmis et al., 2022 

 
 

Figure 1.5: Age-standardized disability-adjusted life years due to CVDs in inhabitants of the 

ESC member countries 

 

1.3. Epidemiological  Data from  Greece 

 

In Greece, the MetS-Greece cross-sectional study showed a 23.6% age-standardized 

MetS prevalence, similar in both sexes (Athyros et al., 2004). The prevalence increases with 

age in both sexes, 4.8% among participants aged 19ï29 years and 43% for participants aged 

>70 (Athyros et al., 2004). There is a 14.7-fold increase in the odds ratio for having MetS in 

the age group > 70 years old compared to that of 19ï29 years old (Athyros et al., 2004). 

Abdominal obesity (82%) and arterial hypertension (78%) are the most common abnormalities 

in both sexes (Athyros et al., 2004). The Greek Muslim Community who follow a high-

saturated fat diet have the highest prevalence of the Mets (35.2%, 95% CI: 30.4ï40.3%), and 

the military group, with a high physical activity level and a diet ócloseô to 
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the Mediterranean, have the lowest (9.4%, 95% CI: 6.2ï13.1%) (Athyros et al., 2004) (Figure 

1.6). Moreover, in the ATTICA epidemiological study, the overall prevalence of MetS is 453 

of 2262 individuals (19.8%) (Panagiotakos et al., 2004). 

 

 
 

Source: Athyros et al., 2005 

 
 

Figure 1.6: Prevalence of MetS (a) by age and gender, (b) by residence and gender, (c) in both 

sexes and (d) in comparison with that of a Greek Muslim Community with a high- saturated fat 

diet, of military personnel with high physical activity level and diet close to the Mediterranean 

one 

 
CVDs in the Greek population have concerned the scientific community since very 

early on. Middle-aged men from two Greek islands, Crete and Corfu participated in the Seven 

Countries Study (1958-2014) before the 60s (https://www.sevencountriesstudy.com/study- 

findings/coronary-heart-disease/). The study showed that especially residents from rural 

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

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

heart-disease/). For the first time in the literature, the major protective role of the 

https://www.sevencountriesstudy.com/study-findings/coronary-heart-disease/
https://www.sevencountriesstudy.com/study-findings/coronary-heart-disease/
https://www.sevencountriesstudy.com/study-findings/coronary-heart-disease/
https://www.sevencountriesstudy.com/study-findings/coronary-heart-disease/


C. Vassou 

41 

 

 

 
 

Mediterranean diet is highlighted. Later, in 2001, the Cretan cohort joined the HALE project 

(Knoops et al. 2004). 

The CARDIO2000 (2000-2001) was the first attempt to evaluate the association 

between several demographic characteristics and dietary habits with the probability of 

developing non-fatal acute coronary syndrome (ACS) from different Greek regions 

(Panagiotakos et al., 2005). A random sample of 848 patients (61+/-10 years) with their first 

CHD event and 1078 frequency-matched (by age-sex) controls with no CVDs in their medical 

history, from all the Greek regions, entered the study. The multi-adjusted analysis showed that 

a 10-unit increase in the diet score was associated with a 27% decrease in the odds of having 

ACS. The odds ratios varied from roughly 0.5 in Southern to 1.2 or more in Northern Greek 

regions (Panagiotakos et al., 2005). 

To evaluate the levels of several CVD risk factors in Greece, a population-based health 

and nutrition survey, the "ATTICA  study" was conducted from 2001 to 2022. Researchers 

randomly enrolled 1514 adult men and 1528 adult women, stratified by age ï gender, from the 

greater area of Athens (Pitsavos et al., 2003). More than 300 demographic, lifestyle, 

behavioural, dietary, clinical, and biochemical variables have been recorded (Pitsavos et al., 

2003). Regarding the frequency of the classical CVD risk factors, 51% of men and 39% of 

women reported smokers, 37% of men and 25% of women were defined as hypertensives, 46% 

of men and 40% of women had total serum cholesterol levels above 200 mg/dL and 8% of men 

and 6% of women had a history of diabetes mellitus (Pitsavos et al., 2003). Moreover, 20% of 

men and 15% of women were obese, while men were more physically active as compared to 

women (42% vs. 39%). Nineteen percent of men and 38% of women had mild to severe 

depressive symptoms (Pitsavos et al., 2003). Finally, 72 men (5%) and 45 (3%) women reported 

a history of coronary heart disease at entry evaluation (Pitsavos et al., 2003). In the five years 

follow-up period, the incidence of CVDs was 11.0% in men and 6.1% in women; the case 

fatality rate was 1.6% (Panagiotakos et al., 2008). Increased age, waist-to-hip (WH) ratio, 

hypertension, diabetes, and C-reactive protein (CRP) levels were the most significant baseline 

bio-clinical predictors of CVDs (Panagiotakos et al., 2008). Furthermore, an increased 

education level and greater adherence to the Mediterranean diet (among 35ï65-year-old 

individuals) were associated with a lower CVD incidence, irrespective of various potential 

confounders (Panagiotakos et al., 2008). The 10-year CVD incidence was 19.7% in men and 

11.7% in women (Panagiotakos et al., 2015). The determinants of CVD events were increased 

age, male sex, smoking, and CRP levels (Panagiotakos et al., 2015). At the latest follow-up 

in 2022, the CVD incident was 3600 
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cases/10,000 individuals; the man-to-woman ratio was 1.25, with the peak difference in the 35ï

45 age group (i.e., 2.1); however, a reversal of the trend was observed in the age-groups 55ï65 

and 65ï75, with a resumption of an almost equal incidence in those >75 years (Damigou et al., 

2023). 

Finally, regarding mortality, diseases of the circulatory system were the main causes 

of death in 2020 in Greece, based on the data from the Hellenic Statistical Authority (ELSTAT) 

(45,741 deaths) (Figure 1.7 and 1.8) but also the previous years (ELSTAT, 2020) (Figure 1.9 

and 1.10). 

 
 

 
Source: ELSTAT, 2020 

 
Figure 1.7: Percentage distribution of deaths by main categories of causes of death, 2020 

 
 

 
Source: ELSTAT, 2020 

Figure 1.8: Cause-specific mortality by sex, for important categories of causes of death, 2020 
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Source: ELSTAT, 2020 

 
Figure 1.9: Deaths by main categories of causes of death, years 2015-2020 and average 

number of deaths for the years 2015-2019 

 

 
 

Source: ELSTAT, 2020 

 
Figure 1.10: Percentage distribution of main categories of causes of death, years 1938, 1956, 

1980, 1990, 2000, 2010 and 2020 
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2. Pathophysiology of MetS and 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 

increase the risk for CVDs and T2DM (Alberti et al., 2009). It is characterized by 

central obesity, insulin resistance, dyslipidemia and hypertension (Grundy, 2016). There are 

several hypotheses regarding the pathophysiology of MetS with the most prominent being that 

of the role of insulin resistance (Eckel et al., 2005). Insulin resistance as one of the key features 

of MetS is characterized by a reduced ability of insulin to effectively regulate glucose levels 

(Kahn et al. 2006). This leads to hyperinsulinemia (i.e., elevated levels of insulin in the blood), 

which can promote the development of CVDs in several ways (Reaven, 1995). 

 

First, insulin resistance can contribute to the accumulation of abdominal fat, which 

releases fatty acids into the bloodstream (Shulman, 2000). These free fatty acids impair insulin 

signaling and exacerbate insulin resistance, creating a vicious cycle (Shulman, 2000). 

 

Second, insulin resistance can lead to dyslipidemia, characterized by elevated levels of 

triglycerides and LDL-C (Grundy et al., 2004). These changes in lipid metabolism can promote 

the formation of plaques (i.e., fatty deposits in the arterial walls), leading to the development 

of atherosclerosis (Grundy et al., 2004). 

 

Third, insulin resistance can also contribute to the development of inflammation since 

recruits immune cells which release inflammatory cytokines (such as tumor necrosis factor- 

alpha (TNF-Ŭ), interleukin-6 (IL-6) and adiponectin), oxidative stress and endothelial 

dysfunction, which are all associated with an increased risk of CVDs (Kaur, 2014b). 

 

Inflammation can damage the arterial walls, promoting the formation of plaques, while 

oxidative stress can impair the functioning of the endothelium, the inner lining of the blood 

vessels, leading to a decreased ability of the blood vessels to dilate properly (Libby et 
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al., 2011) (Figure 2.1). Moreover, increased secretion of prothrombin activator inhibitor-1 

(PAI-1) contributes to a pro-coagulant state and along with endothelial dysfunction leads to an 

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 thought to involve the activation of the 

rennin-angiotensin-aldosterone system, oxidative stress and inflammation (Oparil et al., 2003). 

 

Source: Eckel et al., 2005 

Figure 2.1: Pathophysiology of MetS 

 

 
2.1. Inflammation  and Endothelial  Dysfunction  

Unhealthy diet, smoking, obesity, and physical inactivity are among the modifiable risk 

factors for CVDs since they lead to a pro-inflammatory state (Allende-Vigo, 2010). 

Inflammatory response participates in the pathogenesis of CVDs, through atherosclerosis, 
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from the beginning to the stage of thrombotic complications (Carter, 2012; Libby et al., 

2006). 

The blood vessels consist of connective tissue, fibroblasts, endothelial cells and 

vascular smooth muscle cells (VSMCs) (Sun et al., 2020). The endothelium is a thin 

membrane of endothelial cells that lines the inner of the blood vessels (arteries, veins and 

capillaries) and the lymphatic system, and consequently directly contacts the blood/lymph 

and circulating cells (Félétou, 2011). Activated endothelial cells release inflammatory 

cytokines, chemokines that control vascular relaxation and contraction and promote 

migration, as well as enzymes, such as endothelial nitric oxide synthase, a key enzyme in the 

production of the vasodilator nitric oxide (NO) that control blood clotting, immune function 

and platelet (i.e., a component of blood that contributes to hemostasis, the process of stoping 

bleeding caused by blood vessel injury where the endothelium is interrupted initiating a blood 

clot) adhesion (https://www.cedars-sinai.org/programs/heart/clinical/womens- 

heart/conditions/endothelial-function-testing.html; 

https://www.sciencedirect.com/topics/medicine-and-dentistry/endothelial-nitric-oxide- 

synthase; Park-Windhol & Dôamore, 2016). The endothelial cells with inflammatory 

phenotype cause inflammation in the blood vessels, resulting in endothelial dysfunction (Sun 

et al., 2016). Endothelial cell inflammation is responsible for atherosclerosis (Sun et al., 

2020). 

 

2.2. Atherosclerosis  

Atherosclerosis is a chronic inflammatory condition characterized by the build-up of 

plaque within the walls of arteries, which leads to the narrowing and hardening of these blood 

vessels over time (Libby & Theroux, 2005). This process can impair blood flow to vital organs 

and tissues, leading to a range of CVDs, such as coronary artery disease (CAD), stroke, 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 plaque (Ross, 1999). Plaque 

consists of cholesterol, triglycerides and other lipids that are deposited within the arterial wall, 

along with immune cells, such as macrophages and T-lymphocytes, which release 

inflammatory cytokines and enzymes that further promote plaque growth and inflammation 

(Ross, 1999). Smooth muscle cells in the arterial wall also proliferate and migrate toward the 

plaque, contributing to its growth and stability (Ross, 1999). As previously stated, there are 

several risk factors associated with the development of 

https://www.cedars-sinai.org/programs/heart/clinical/womens-heart/conditions/endothelial-function-testing.html
https://www.cedars-sinai.org/programs/heart/clinical/womens-heart/conditions/endothelial-function-testing.html
https://www.sciencedirect.com/topics/medicine-and-dentistry/endothelial-nitric-oxide-synthase
https://www.sciencedirect.com/topics/medicine-and-dentistry/endothelial-nitric-oxide-synthase
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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 

substances to accumulate within the arterial wall (Steinberg, 2005) (Figure 2.2). 

 

Source: Steini et al., 2015 

Figure 2.2: Pathogenesis of atherosclerosis 

 

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

The nervous system (NS) consists of the central nervous system (CNS) which includes 

the brain and the spinal cord and the peripheral nervous system (PNS) which includes nerves 

that branch off form the spinal cord and extend to all parts of the human body 

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

The autonomous nervous system (ANS) is a component of the PNS that regulates 

several physiological processes, among which are heart rate, blood pressure, insulin secretion, 

lipid metabolism, respiration, digestion and sexual arousal (Epel et al.,2000; McEwen, 1998; 

Waxenbaum et al., 2019). The ANS constitutes the sympathetic, the parasympathetic and the 

enteric distinct division (Waxenbaum et al., 2019). The sympathetic and the parasympathetic 

nervous systems have opposite roles. In particular, while the sympathetic system carries signals 

that alert the bodyôs system, the parasympathetic system carries signals that relax body 

systems (https://my.clevelandclinic.org/health/body/23262- 

https://www.nichd.nih.gov/health/topics/neuro/conditioninfo/parts
https://my.clevelandclinic.org/health/body/23262-sympathetic-nervous-system-sns-fight-or-flight



















































































































































































































































































































