
Accepted Manuscript

Title: Modeling anthropometric indices in relation to 10-year
(2002-2012) incidence of cardiovascular disease, among
apparently healthy individuals: the ATTICA study

Authors: Theodosios D. Filippatos, Ioannis Kyrou, Ekavi N.
Georgousopoulou, Christina Chrysohoou, Georgia-Maria
Kouli, Constantine Tsigos, Dimitrios Tousoulis, Christodoulos
Stefanadis, Christos Pitsavos, Demosthenes B. Panagiotakos

PII: S1871-4021(17)30169-8
DOI: http://dx.doi.org/doi:10.1016/j.dsx.2017.05.018
Reference: DSX 798

To appear in: Diabetes & Metabolic Syndrome: Clinical Research & Reviews

Received date: 26-5-2017
Accepted date: 31-5-2017

Please cite this article as: Filippatos Theodosios D, Kyrou Ioannis, Georgousopoulou
Ekavi N, Chrysohoou Christina, Kouli Georgia-Maria, Tsigos Constantine,
Tousoulis Dimitrios, Stefanadis Christodoulos, Pitsavos Christos, Panagiotakos
Demosthenes B.Modeling anthropometric indices in relation to 10-year (2002-
2012) incidence of cardiovascular disease, among apparently healthy individuals: the
ATTICA study.Diabetes and Metabolic Syndrome: Clinical Research and Reviews
http://dx.doi.org/10.1016/j.dsx.2017.05.018

This is a PDF file of an unedited manuscript that has been accepted for publication.
As a service to our customers we are providing this early version of the manuscript.
The manuscript will undergo copyediting, typesetting, and review of the resulting proof
before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that
apply to the journal pertain.

© 2017, Elsevier. Licensed under the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International
http://creativecommons.org/licenses/by-nc-nd/4.0/ 

http://dx.doi.org/doi:10.1016/j.dsx.2017.05.018
http://dx.doi.org/10.1016/j.dsx.2017.05.018


 1 

Modeling anthropometric indices in relation to 10-year 

(2002-2012) incidence of cardiovascular disease, among 

apparently healthy individuals: the ATTICA study 

 

Short title: Anthropometric indices and CVD 

 

Theodosios D Filippatos1, Ioannis Kyrou1,2,3,4, Ekavi N. 

Georgousopoulou1, Christina Chrysohoou5, Georgia-Maria Kouli1, 

Constantine Tsigos1, Dimitrios Tousoulis5, Christodoulos Stefanadis5, 

Christos Pitsavos5, Demosthenes B Panagiotakos1; and the ATTICA 

Study group 

 

 

1Department of Nutrition and Dietetics, School of Health Science and Education, 

Harokopio University, Athens, Greece 

2Aston Medical Research Institute, Aston Medical School, Aston University, B4 7ET, 

Birmingham, UK 

3Translational & Experimental Medicine, Division of Biomedical Sciences, Warwick 

Medical School, University of Warwick, CV4 7AL, Coventry, UK 

4WISDEM, University Hospitals Coventry and Warwickshire NHS Trust, CV2 2DX, 

Coventry, UK 

5First Cardiology Clinic, School of Medicine, University of Athens, Athens, Greece 

 

 

Corresponding author 

Prof Demosthenes B Panagiotakos 

46 Paleon Polemiston St. Glyfada,  

Attica, 166 74, Greece 

Tel. +30 210-9549332  

 dbpanag@hua.gr 



 2 

ABSTRACT 

Aims: Body fat accumulation is implicated in the development of cardiovascular 

disease (CVD). Our objective was to explore potential associations between 

anthropometric indices and the 10-year CVD incidence in Greek adults without 

previous CVD.  

Methods: During 2001-2, we enrolled 3042 adults without CVD from the general 

population of Attica, Greece. In 2011-2, the 10-year study follow-up was performed, 

recording the CVD incidence in 1958 participants with baseline body mass index 

(BMI) 18.5 kg/m2.  

Results: The study 10-year CVD incidence was 15.8%, exhibiting a gradual increase 

according to the baseline body mass index (BMI) category. Baseline BMI 30 kg/m2 

was related with significantly higher 10-year CVD risk compared to BMI <25 kg/m2, 

even after adjustment for age and other known CVD risk factors. Baseline BMI, waist 

circumference, waist-to-hip ratio, waist-to-height ratio and waist-to-hip-to-height ratio 

were independently associated with the 10-year CVD risk in multi-adjusted models. 

Gender-specific analyses showed that these associations were more evident in men 

compared to women, with baseline BMI exhibiting an independent association with 

the 10-year CVD incidence in men. 

Conclusions: Our results indicate that even simple anthropometric indices exhibit 

independent associations with CVD risk in a representative sample of the Greek 

general population without previous CVD. 

 

Key words: anthropometric indices; cardiovascular disease; body mass index; waist 

circumference; obesity 
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1. INTRODUCTION 

Obesity has reached epidemic proportions and is accompanied by a spectrum 

of deleterious health and socio-economic consequences1. More than one-third of the 

adults in the US is obese (body mass index, BMI 30 kg/m2), with the annual medical 

costs per obese person being $1,429 higher than that of normal-weight individuals2. 

The ATTICA study cohort has also revealed increasing prevalence rates of 

overweight (53% and 31% in men and women, respectively) and obesity (20% and 

15% in men and women, respectively) in the general population of Attica prefecture 

(Greece)3,4.  

In parallel to these obesity trends, cardiovascular disease (CVD) prevalence 

rates have been also increasing, posing a major public health problem with a serious 

economic impact. Indeed, CVD is the leading cause of death globally, accounting for 

more than 17.3 million deaths per year and producing a total cost greater than $316.6 

billion5. Not surprisingly, obesity constitutes one of the key CVD risk factors, with 

adipose tissue distribution playing a vital pathogenetic role6. This strong pathogenetic 

association has raised the question about whether non-invasive, simple 

measures/indices of adiposity, which are easily obtained in everyday clinical practice 

(e.g. BMI, waist circumference and waist-to-hip ratio), can be used to reliably identify 

individuals with high long-term CVD risk. Such simple anthropometric indices have a 

well-established association with increased risk of insulin resistance, type 2 diabetes 

mellitus (T2DM), hyperlipidemia and hypertension7. Hence, anthropometric indices 

are generally considered as CVD risk indicators. However, BMI, which is a crude 

measure of total body adiposity, or other simple anthropometric indices are not 

included in traditional CVD risk models, such as the Framingham risk score (FRS)8,9. 

Moreover, even less evidence exists from large, prospective studies on the exact 

associations between simple anthropometric indices and the long-term CVD risk in 

Mediterranean (South European) populations. 

The objective of the present work was to assess, in the context of the ATTICA 

study10, the potential associations between anthropometric indices obtained at the 

entry/baseline study examination and the 10-year CVD incidence in the study cohort 

consisting of Greek adults from the general population without previous CVD. 
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SUBJECTS, MATERIALS AND METHODS  

2.1 Study design  

The “ATTICA” study is a population-based health and nutrition survey carried 

out in the province of Attica (including 78% urban and 22% rural areas), Greece, 

during 2001-0210. Briefly, the study sampling was designed to enroll only one 

participant per household through a random, multistage process based on the age and 

sex distribution of the Attica region (2001 Census). A total of 4056 adults (18 years) 

were randomly selected, of which 3042 (1514 men; 1528 women) consented to 

participate (75% participation rate). All participants were interviewed/examined by 

trained personnel (cardiologists, other physicians, dieticians and nurses), as per study 

protocol. Individuals with evidence/history of CVD or living in institutions were 

excluded, as previously described10. 

The study was approved by our Institutional Review Board and was carried 

out in accordance with the Declaration of Helsinki (1989) of the World Medical 

Association. All participants were informed about the study aims/procedures and 

provided their consent before any study procedures. 

 

2.2 Baseline measurements  

At baseline, socio-demographic characteristics (age, sex, mean annual income 

and years of education), detailed medical history, dietary and other lifestyle habits, 

(e.g. smoking and physical activities) were recorded. Smoking was defined as 

smoking of at least one cigarette per day during the past year or recent discontinuation 

(during the previous year). Moreover, height, without shoes, was measured to the 

nearest 0.5 cm and body weight to the nearest 100 g, without shoes and with light 

clothing. BMI was calculated as weight (in kilograms, Kg) divided by the height (in 

meters, m) squared. According to the World Health Organization (WHO) obesity 

classification, normal weight, overweight and obesity were defined based on BMI as: 

BMI: 18.5-24.9 kg/m2; 25-29.9 kg/m2; and 30 kg/m2, respectively11. Waist 

circumference was also measured on bare skin during mid-respiration between the 

10th rib and the iliac crest, whilst hip girth was measured at the maximal 

circumference of the buttocks10. Waist-to-hip ratio (WHR), waist-to-height ratio 

(WHtR) and waist-to-hip-to-height ratio (WHHR) was calculated as waist 

circumference divided by hip circumference, or height, or both, respectively.  
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Arterial blood pressure was measured three times at the end of the physical 

examination with the participants at the sitting position for at least 30 minutes. 

Patients with average blood pressure levels ≥140/90 mmHg were classified as having 

hypertension, as those on antihypertensive drugs. Hypercholesterolemia was defined 

as total serum cholesterol levels >200 mg/dl or the use of lipid-lowering agents. 

Diagnosis of Τ2DM was based on the American Diabetes Association (ADA) criteria, 

i.e., fasting blood glucose >125 mg/dL or the use of antidiabetic medication12.  

 

2.3 10-year follow-up 

During 2011-12, the 10-year follow-up of the ATTICA study was performed 

(median follow-up time 8.41 years), as previously described13. Briefly, of the 3042 

participants at baseline, 2583 were found in the follow-up (85% participation rate). 

For the participants who died during the follow-up, the relevant data were obtained 

from their relatives and medical notes/death certificates. The definition of the study 

outcomes was based on the International Classification of Diseases (ICD) 10th 

revision, and CVD data were collected for the development of: (a) myocardial 

infarction, angina pectoris, other identified forms of ischemia; coronary 

revascularization (i.e., coronary artery bypass surgery and percutaneous coronary 

intervention); (b) heart failure of different types and chronic arrhythmias; and (c) 

stroke. Regarding CVD evaluation at follow-up, complete data were obtained from 

2020 participants, of whom 62 participants with baseline BMI <18.5 kg/m2 were 

excluded to avoid reverse causality, yielding a study sample of n=1958 participants 

(men/women: 985/973; 45.413.8 years; with no differences regarding the age-sex 

distribution of this follow-up sample and the baseline; p's >0.80).  

 

2.4 Statistical analysis  

Continuous variables are presented as mean values ± standard deviation (SD) 

and categorical variables as frequencies. The likelihood for CVD development 

(dependent outcome) during the 10-year period, according to the participants’ 

baseline anthropometric indices and the baseline socio-demographic, lifestyle and 

clinical characteristics (independent factors), was estimated using the odds ratio and 

their corresponding 95% confidence intervals (CIs) through multi-adjusted logistic 

regression models. Similarly, the likelihood for CVD development (dependent 
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outcome) during the 10-year period, according to the participants’ baseline body 

weight category and the baseline socio-demographic, lifestyle and clinical 

characteristics (independent factors), was estimated using the odds ratio and their 

corresponding 95% CIs through multiple logistic regression analysis. Moreover, 

survival analyses using Cox Proportional Hazard models were also applied showing 

similar results (data not shown, as the results from the logistic models showed better 

goodness-of-fit). The predictive abilities of the anthropometric indices were ranked by 

calculating the -2log-likelihood of each model (i.e., the lower the better). All reported 

p-values are based on two-sided tests. The SPSS version 21 (Statistical Package for 

Social Sciences, SPSS Inc, Chicago, IL, U.S.A.) software was used for all statistical 

calculations. 

 

2. RESULTS 

2.1 Baseline anthropometric indices and 10-year CVD incidence  

The key baseline characteristics of the study sample (n=1958) are presented in 

Table 1. The overall CVD incidence during the 10-year follow-up period was 15.8% 

(n=310), being significantly higher in men [19.7% (n=194)] than women [11.9% 

(n=116)] (p for gender difference <0.001).   

In the total study sample (n=1958), BMI, waist circumference, WHR, WHtR 

and WHHR were associated with the 10-year CVD incidence in an age-adjusted 

model (Table 2, Model 1), as well as in a model that included age, established CVD 

risk factors (smoking, diabetes, hypertension and hypercholesterolemia), educational 

status (years of school) and physical activity status (Table 2, Model 2). Then, the 

anthropometric indices were analyzed separately for men and women. An 

independent of age association between the 10-year CVD incidence and BMI, waist 

circumference, WHR, WHtR and WHHR was observed in men (Table 2, Model 1). In 

men, the independent association between BMI and the 10-year CVD incidence 

remained even after further adjustment for other known CVD risk factors (i.e., 

smoking, hypertension, hypercholesterolemia, diabetes, educational and physical 

activity status) (Table 2 Model 2). Contrary, in women, while the odds ratios were 

indicative of a positive association, no significant independent associations between 

the baseline anthropometric indices and the 10-year CVD incidence was observed 

(Table 2). Between all investigated anthropometric indices, WHR, WHHR and waist 

circumference had the greater predictive ability (as evaluated with the lower -Log 
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likelihood (L) values) regarding the 10-year CVD risk in the total sample, as well as 

in men and women (Tables 2). 

  

2.2 Baseline BMI categories and 10-year incidence of CVD 

A progressive increase of the 10-year CVD incidence according to the baseline 

body weight status (9.7%, 18.5% and 23.7% for BMI in the normal-weight, 

overweight and obese range, respectively) was observed in the study sample (p for 

trend <0.001). This progressive increase was evident in both men and women (Figure 

1).  

In the total sample, obesity (BMI ≥30 kg/m2) compared to non-obese status 

(BMI <30 kg/m2) or to normal BMI status (BMI: 18.5-24.9 kg/m2), as well as 

overweight (BMI 25-29.9 kg/m2) compared to normal BMI status, were associated 

with significantly increased 10-year CVD incidence independently of age (Table 3, 

Model 1). Additionally, in the total sample the baseline obesity status (BMI ≥30 

kg/m2) compared to normal BMI (18.5-24.9 kg/m2) or to non-obese status (BMI <30 

kg/m2) was independently associated with increased incidence of 10-year CVD events 

in a multivariate model that included age, smoking, hypertension, 

hypercholesterolemia, diabetes, educational and physical activity status (Table 3, 

Model 2). The independent of age increased incidence of 10-year CVD incidence with 

baseline obesity status (BMI ≥30 kg/m2) compared to normal baseline BMI (18.5-24.9 

kg/m2) was evident in men (Table 3, Model 1). In multivariate models, the odds ratios 

of overweight and obesity status compared to normal BMI were indicative of a 

positive association with the 10-year CVD incidence, but without reaching statistical 

significance in either genders (Table 3, Model 2). 

 

3. DISCUSSION 

Herein, we present novel prospective data from the ATTICA study regarding 

the associations between anthropometric indices at the study baseline and the 10-year 

CVD incidence in a representative sample of the Greek general population without 

known CVD. As expected, we observed a gradual increase of the documented 10-year 

CVD incidence according to the baseline BMI class in both genders, Importantly, 

BMI, waist circumference, WHR, WHtR and WHHR were independently associated 

with the 10-year CVD incidence even in multivariate models including other known 

CVD risk factors. 
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These findings are in accord with the reported results from previous cohorts, 

showing an independent association between baseline BMI and long-term CVD 

incidence14. In the Framingham cohort study, which followed patients aged 28-62 

years for a mean of 26 years, the group with increased body weight had higher 

coronary heart disease (CHD) risk compared with the leanest group, independently of 

age, cholesterol, systolic blood pressure, smoking, left ventricular hypertrophy and 

glucose intolerance15. Moreover, our findings are further supported by meta-analysis 

data. Indeed, a meta-analysis that included over one million participants and 37488 

incident CHD cases showed that higher BMI was significantly associated with the 

age-adjusted CHD risk [age-adjusted hazard ratio (HR) in the overweight group 1.20 

(95% CI 1.12–1.29) in women, and 1.22 (95% CI 1.12-1.32) in men; and in the obese 

group: 1.61 (95% CI 1.42-1.82) in women, and 1.60 (95% CI 1.43-1.79) in men, 

compared to the normal weight group]16. Notably, a recent meta-analysis, including 

participants from 189 studies (n=3,951,455) who were never-smokers, did not have 

chronic diseases at recruitment and have survived 5 years, showed that a BMI >25 

kg/m2 is associated with increased CHD mortality [HR 1.42 (95% CI: 1.35-1.49) per 

5 kg/m2 higher BMI]17.  

It is well-established that obesity increases CVD risk indirectly through the 

development of diabetes, hypertension, hyperlipidemia, and metabolic syndrome18. 

Indeed, the prevalence of hypertension is increased in both men and women with BMI 

≥30 kg/m2 compared to normal weight individuals, due to multiple factors, including 

increased systemic vascular resistance, low-grade inflammation, insulin resistance, 

hyperinsulinemia, sympathetic nervous system overactivity and disordered sleep19-21. 

Similarly, dyslipidemia is more frequent among patients with increased body weight, 

with increased fasting triglycerides and low-density lipoprotein cholesterol levels, as 

well as low high-density lipoprotein cholesterol levels. Of note, obesity is further 

associated with the development of the small dense LDL phenotype and postprandial 

hyperlipidemia, leading to accumulation of atherogenic remnants and hepatic 

overproduction of apolipoprotein B-containing lipoproteins22. Moreover, increased 

body weight is associated with the development of insulin resistance, promoting an 

enhanced hepatic flux of free fatty acids to the liver, a mechanism that also links 

obesity, to dyslipidemia and other metabolic syndrome manifestations23. Finally, the 

association of increased body weight with T2DM has also been well-documented, 

with data from the prospective Secondary Manifestations of ARTerial disease 
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(SMART) cohort study showing that patients with increased BMI have higher T2DM 

risk compared to normal-weight subjects, even in the absence of concurrent metabolic 

dysfunction [HR: 2.5 (95% CI 1.5-4.2) for overweight and HR 4.3 (95% CI 2.2-8.6) 

for patients with obesity]24. 

The results of our multi-adjusted analyses, that included other known CVD 

risk factors such as hypertension, hypercholesterolemia, smoking and diabetes, further 

highlight the independent role of increased BMI and other anthropometric indices in 

CVD development. Increased body weight, in addition to the aforementioned indirect 

effects, also affects directly the cardiovascular system. This is potentially mediated 

via structural/functional changes of the heart, ectopic adipose tissue deposition and 

other less well-known obesity-related mechanisms (e.g. detrimental CVD effects of 

various adipokines)6,25,26. Notably, obesity-related heart changes include left 

ventricular chamber dilation, concentric remodeling and concentric left ventricular 

hypertrophy and left atrial enlargement27. These abnormalities have adverse effects on 

diastolic and systolic function, and increase the risk of both heart failure and of atrial 

fibrillation and ventricular arrhythmias28-30. Moreover, obesity accelerates the 

atherosclerotic process, even from a young age. Indeed, autopsy data in young 

subjects (15-34 years) who died from accidental causes have shown that the extent of 

plaques and ulceration in the coronary arteries and abdominal aorta correlates with 

BMI and abdominal fat [Pathobiological Determinants of Atherosclerosis in Youth 

(PDAY) study]31. Furthermore, obesity is the strongest factor linked to non-ST 

elevation myocardial infarction (NSTEMI) events in younger patients32, with data 

showing that as BMI increases NSTEMI and ST-elevation myocardial infarction 

(STEMI) events are presented in patients with lower mean age32,33. Finally, obesity is 

also linked to increased incidence of ischemic stroke, as well as to arrhythmias and 

sudden cardiac death28,34. These effects could also be mediated by the prothrombotic 

(higher levels of plasminogen activator inhibitor-1 antigen and activity, fibrinogen, 

von Willebrand factor, and factor VII) and the proinflammatory state (increased levels 

of C-reactive protein and adipokines/cytokines) observed in obese patients35,36. 

 Our analyses showed that WHR, WHHR, and waist circumference had the 

greater predictive ability between anthropometric indices regarding the 10-year CVD 

risk. These anthropometric indices indicate more precisely the fat distribution 

(visceral vs. subcutaneous) than body weight and BMI. Visceral fat accumulation is 

associated with accumulation of atherosclerotic risk factors, such as hyperlipidemia, 
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hypertension and metabolic syndrome as well as increased risk of T2DM37-40. 

Notably, the measures of fat distribution had similar odds ratios, a finding indicating 

that in clinical practice the measurement of waist circumference, which is easily 

obtained and followed, is not inferior than other more sophisticated measures (WHHR 

or WHtR). Moreover, in the whole sample the measures of fat distribution had 

comparable odds ratios with BMI (a crude measure of adiposity), but in men they 

were not independently associated with CVD risk compared to BMI. This difference 

may indicate that the association of measures of fat distribution with CVD may be 

mediated mainly through the development of comorbidities and accumulation of CVD 

risk factors, whereas total adiposity indices may indicate the presence of additional 

mechanisms that increase CVD risk (discussed above).  

It is important to highlight that we observed stronger correlations of 

anthropometric indices with the 10-year CVD incidence in men compared with 

women. This observation may reflect the effects of abdominal fat distribution, since 

females have a higher proportion of subcutaneous fat and lower visceral fat compared 

to males, leading to different associations with cardiovascular risk factors41. 

Additionally, it may also be in part attributed to the significantly lower CVD events 

that we noted in women, making more difficult any differences in this sample to reach 

statistical significance. Generally, CVD events in women are observed in an older age 

compared with men and this effect may play a role in our study findings. This delayed 

CVD risk in women is at least partly attributed to the protective effects of exposure to 

endogenous oestrogens during the pre-menopausal period of life which appears to 

delay the atherosclerotic process42.   

Overall, the fact that simple anthropometric indices, such as BMI or waist 

circumference, are associated with long-term CVD incidence in our study cohort 

supports the notion that the clinical practice should utilize available indices of total 

and central adiposity as useful markers of increased CVD risk in the general 

population from Mediterranean (South Europe) countries, particularly in men. As 

such, despite their shortcomings as obesity indexes, simple anthropometric indices 

can be easily obtained/followed and, hence, could be useful for CVD risk estimation 

in the general population. Of note, traditional models such as the Framingham risk 

score (FRS) or the Systematic COronary Risk Evaluation (SCORE) risk charts 

include multiple parameters (e.g. cholesterol) but not BMI or waist circumference in 

their equations8,9. Interestingly, a recent analysis of 17791 men and women who 
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participated in the National Research Program 1A (NRP1A) and the Swiss 

Monitoring of Trends and Determinants in Cardiovascular Disease (MONICA) 

population survey showed that compared to cholesterol, the use of BMI in the study 

models revealed higher CVD risk at all ages, and could better discriminate persons at 

high and low CVD risk43. Moreover, other authors using electronic health records 

reported that using BMI instead of cholesterol resulted in at least equivalent CVD risk 

estimation44. Thus, the use of simple anthropometric indices as CVD risk indicators 

may aid clinicians to readily and reliably identify subjects at higher risk and reduce 

laboratory testing.  

 

 STRENGTHS AND LIMITATIONS OF THE STUDY  

The present work is the first prospective study assessing the effect of simple 

anthropometric indices on the long-term (10-year) CVD incidence in a large sample 

of the Greek population without previous CVD (reflecting approximately 70% of the 

total Greek population; a population considered, at least to a certain extent, similar to 

those of other Southern/Mediterranean European countries). In addition, the design 

and extended protocol of the ATTICA study allowed the detailed capture of multiple 

factors associated with CVD (socio-demographic, lifestyle, clinical and biological) 

and permitted the analytical evaluation of baseline anthropometric indices on 

multivariate models that included most of the known CVD risk factors. 

Our study has also certain limitations. The baseline anthropometric indices 

were measured once, thus a measurement error may exist. Additionally, 

anthropometric indices may change over time and this cannot be incorporated in the 

presented analyses. However, the study protocol was designed to enrol at baseline 

subjects with rather stable dietary habits and without significant recent body weight 

changes, thus the captured baseline anthropometric indices in this study represent in a 

significant degree the participants’ usual values. The study sample consisted only of 

adults living in the greater Athens metropolitan area, which is mainly an urban region 

and, therefore, cannot entirely represent the Greek population living in more rural 

regions.  

 

4. CONCLUSION 



 12 

Simple anthropometric indices at the baseline/entry ATTICA study examination are 

positively and independently associated with the 10-year CVD incidence in a cohort 

of adults from the general population without previous CVD.  

 

 

ACKNOWLEDGEMENTS 

The authors would like to thank the ATTICA Study Group of investigators: Yannis 

Skoumas, Natassa Katinioti, Labros Papadimitriou, Constantina Masoura, Spiros 

Vellas, Yannis Lentzas, Manolis Kambaxis, Konstadina Palliou, Vassiliki Metaxa, 

Agathi Ntzouvani, Dimitris Mpougatsas, Nikolaos Skourlis, Christina Papanikolaou, 

Georgia-Maria Kouli, Aimilia Christou, Adella Zana, Maria Ntertimani, Aikaterini 

Kalogeropoulou, Evangelia Pitaraki, Alexandros Laskaris, Mihail Hatzigeorgiou and 

Athanasios Grekas for their assistance in the initial physical examination and follow-

up evaluation; Efi Tsetsekou for her assistance in psychological evaluation, as well as 

the laboratory team: Carmen Vassiliadou and George Dedoussis (genetic analysis), 

Marina Toutouza-Giotsa, Constadina Tselika and Sia Poulopoulou (biochemical 

analysis) and Maria Toutouza for the database management. 

 

CONFLICTS OF INTEREST: None to declare. 

 

FUNDING  

The ATTICA Study was funded by research grants from the Hellenic Cardiology 

Society (2002) and the Hellenic Atherosclerosis Society (2011). Demosthenes 

Panagiotakos and Ekavi Georgousopoulou received research grants by Coca-Cola SA. 

 

 



 13 

REFERENCES 

1. Ng M, Fleming T, Robinson M, Thomson B, Graetz N, Margono C, et al. 

Global, regional, and national prevalence of overweight and obesity in 

children and adults during 1980-2013: a systematic analysis for the Global 

Burden of Disease Study 2013. Lancet 2014;384:766-81. 

2. Finkelstein EA, Trogdon JG, Cohen JW, Dietz W. Annual medical spending 

attributable to obesity: payer-and service-specific estimates. Health Aff 

(Millwood) 2009;28:w822-31. 

3. Panagiotakos DB, Pitsavos C, Chrysohoou C, Risvas G, Kontogianni MD, 

Zampelas A, et al. Epidemiology of overweight and obesity in a Greek adult 

population: the ATTICA Study. Obes Res 2004;12:1914-20. 

4. Yannakoulia M, Panagiotakos D, Pitsavos C, Lentzas Y, Chrysohoou C, 

Skoumas I, et al. Five-year incidence of obesity and its determinants: the 

ATTICA study. Public Health Nutr 2009;12:36-43. 

5. Mozaffarian D, Benjamin EJ, Go AS, Arnett DK, Blaha MJ, Cushman M, et 

al. Heart Disease and Stroke Statistics-2016 Update: A Report From the 

American Heart Association. Circulation 2016;133:e38-360. 

6. Kyrou I, Randeva H, Weickert M. Clinical Problems Caused by Obesity. 2014 

Apr 24. In: De Groot LJ, Chrousos G, Dungan K, Feingold KR, Grossman A, 

Hershman JM, Koch C, Korbonits M, McLachlan R, New M, Purnell J, Rebar 

R, Singer F, Vinik A, editors. Endotext [Internet]. South Dartmouth (MA): 

MDText.com, Inc.; 2000-.Available from 

http://www.ncbi.nlm.nih.gov/books/NBK278973/. 

http://www.ncbi.nlm.nih.gov/books/NBK278973/


 14 

7. Lavie CJ, De Schutter A, Parto P, Jahangir E, Kokkinos P, Ortega FB, et al. 

Obesity and Prevalence of Cardiovascular Diseases and Prognosis-The 

Obesity Paradox Updated. Prog Cardiovasc Dis 2016;58:537-47. 

8. Panagiotakos DB, Georgousopoulou EN, Fitzgerald AP, Pitsavos C, 

Stefanadis C. Validation of the HellenicSCORE (a Calibration of the ESC 

SCORE Project) Regarding 10-Year Risk of Fatal Cardiovascular Disease in 

Greece. Hellenic J Cardiol 2015;56:302-8. 

9. D'Agostino RB, Sr., Grundy S, Sullivan LM, Wilson P, Group CHDRP. 

Validation of the Framingham coronary heart disease prediction scores: results 

of a multiple ethnic groups investigation. JAMA 2001;286:180-7. 

10. Pitsavos C, Panagiotakos DB, Chrysohoou C, Stefanadis C. Epidemiology of 

cardiovascular risk factors in Greece: aims, design and baseline characteristics 

of the ATTICA study. BMC Public Health 2003;3:32. 

11. WHO. World Health Organization. Body mass index classification. 

http://apps.who.int/bmi/index.jsp?introPage=intro_3.html. Accessed 

20/2/2017. 

12. ADA. American Diabetes Association. Diagnosis and classification of 

diabetes mellitus. Diabetes Care 2007;30 Suppl 1:S42-7. 

13. Panagiotakos DB, Georgousopoulou EN, Pitsavos C, Chrysohoou C, Metaxa 

V, Georgiopoulos GA, et al. Ten-year (2002-2012) cardiovascular disease 

incidence and all-cause mortality, in urban Greek population: the ATTICA 

Study. Int J Cardiol 2015;180:178-84. 

14. Rabkin SW, Mathewson FA, Hsu PH. Relation of body weight to 

development of ischemic heart disease in a cohort of young North American 

http://apps.who.int/bmi/index.jsp?introPage=intro_3.html


 15 

men after a 26 year observation period: the Manitoba Study. Am J Cardiol 

1977;39:452-8. 

15. Hubert HB, Feinleib M, McNamara PM, Castelli WP. Obesity as an 

independent risk factor for cardiovascular disease: a 26-year follow-up of 

participants in the Framingham Heart Study. Circulation 1983;67:968-77. 

16. Mongraw-Chaffin ML, Peters SA, Huxley RR, Woodward M. The sex-

specific association between BMI and coronary heart disease: a systematic 

review and meta-analysis of 95 cohorts with 1.2 million participants. Lancet 

Diabetes Endocrinol 2015;3:437-49. 

17. Global BMIMC. Body-mass index and all-cause mortality: individual-

participant-data meta-analysis of 239 prospective studies in four continents. 

Lancet 2016;388:776-86. 

18. Malik S, Wong ND, Franklin SS, Kamath TV, L'Italien GJ, Pio JR, et al. 

Impact of the metabolic syndrome on mortality from coronary heart disease, 

cardiovascular disease, and all causes in United States adults. Circulation 

2004;110:1245-50. 

19. Brown CD, Higgins M, Donato KA, Rohde FC, Garrison R, Obarzanek E, et 

al. Body mass index and the prevalence of hypertension and dyslipidemia. 

Obes Res 2000;8:605-19. 

20. Mathew B, Francis L, Kayalar A, Cone J. Obesity: effects on cardiovascular 

disease and its diagnosis. J Am Board Fam Med 2008;21:562-8. 

21. Seifalian AM, Filippatos TD, Joshi J, Mikhailidis DP. Obesity and arterial 

compliance alterations. Curr Vasc Pharmacol 2010;8:155-68. 

22. Klop B, Elte JW, Cabezas MC. Dyslipidemia in obesity: mechanisms and 

potential targets. Nutrients 2013;5:1218-40. 



 16 

23. Esser N, Legrand-Poels S, Piette J, Scheen AJ, Paquot N. Inflammation as a 

link between obesity, metabolic syndrome and type 2 diabetes. Diabetes Res 

Clin Pract 2014;105:141-50. 

24. Franssens BT, van der Graaf Y, Kappelle LJ, Westerink J, de Borst GJ, 

Cramer MJ, et al. Body weight, metabolic dysfunction, and risk of type 2 

diabetes in patients at high risk for cardiovascular events or with manifest 

cardiovascular disease: a cohort study. Diabetes Care 2015;38:1945-51. 

25. Kyrou I, Mattu H, Chatha K, Randeva H. Chapter 7 - Fat Hormones, 

Adipokines. In Schisler JC, Lang CH, Willis MS (eds) Endocrinology of the 

Heart in health and disease. pp 167-205. Academic Press, 2017. 

26. Filippatos TD, Randeva HS, Derdemezis CS, Elisaf MS, Mikhailidis DP. 

Visfatin/PBEF and atherosclerosis-related diseases. Curr Vasc Pharmacol 

2010;8:12-28. 

27. Poirier P, Martin J, Marceau P, Biron S, Marceau S. Impact of bariatric 

surgery on cardiac structure, function and clinical manifestations in morbid 

obesity. Expert Rev Cardiovasc Ther 2004;2:193-201. 

28. Lavie CJ, Milani RV, Ventura HO. Obesity and cardiovascular disease: risk 

factor, paradox, and impact of weight loss. J Am Coll Cardiol 2009;53:1925-

32. 

29. Wang TJ, Parise H, Levy D, D'Agostino RB, Sr., Wolf PA, Vasan RS, et al. 

Obesity and the risk of new-onset atrial fibrillation. JAMA 2004;292:2471-7. 

30. Kenchaiah S, Evans JC, Levy D, Wilson PW, Benjamin EJ, Larson MG, et al. 

Obesity and the risk of heart failure. N Engl J Med 2002;347:305-13. 

31. McGill HC, Jr., McMahan CA, Malcom GT, Oalmann MC, Strong JP. 

Relation of glycohemoglobin and adiposity to atherosclerosis in youth. 



 17 

Pathobiological Determinants of Atherosclerosis in Youth (PDAY) Research 

Group. Arterioscler Thromb Vasc Biol 1995;15:431-40. 

32. Madala MC, Franklin BA, Chen AY, Berman AD, Roe MT, Peterson ED, et 

al. Obesity and age of first non-ST-segment elevation myocardial infarction. J 

Am Coll Cardiol 2008;52:979-85. 

33. Das SR, Alexander KP, Chen AY, Powell-Wiley TM, Diercks DB, Peterson 

ED, et al. Impact of body weight and extreme obesity on the presentation, 

treatment, and in-hospital outcomes of 50,149 patients with ST-Segment 

elevation myocardial infarction results from the NCDR (National 

Cardiovascular Data Registry). J Am Coll Cardiol 2011;58:2642-50. 

34. Milionis HJ, Filippatos TD, Derdemezis CS, Kalantzi KJ, Goudevenos J, 

Seferiadis K, et al. Excess body weight and risk of first-ever acute ischaemic 

non-embolic stroke in elderly subjects. Eur J Neurol 2007;14:762-9. 

35. Hotamisligil GS, Arner P, Caro JF, Atkinson RL, Spiegelman BM. Increased 

adipose tissue expression of tumor necrosis factor-alpha in human obesity and 

insulin resistance. J Clin Invest 1995;95:2409-15. 

36. Lundgren CH, Brown SL, Nordt TK, Sobel BE, Fujii S. Elaboration of type-1 

plasminogen activator inhibitor from adipocytes. A potential pathogenetic link 

between obesity and cardiovascular disease. Circulation 1996;93:106-10. 

37. Wang Y, Rimm EB, Stampfer MJ, Willett WC, Hu FB. Comparison of 

abdominal adiposity and overall obesity in predicting risk of type 2 diabetes 

among men. Am J Clin Nutr 2005;81:555-63. 

38. Guagnano MT, Ballone E, Colagrande V, Della Vecchia R, Manigrasso MR, 

Merlitti D, et al. Large waist circumference and risk of hypertension. Int J 

Obes Relat Metab Disord 2001;25:1360-4. 



 18 

39. Dalton M, Cameron AJ, Zimmet PZ, Shaw JE, Jolley D, Dunstan DW, et al. 

Waist circumference, waist-hip ratio and body mass index and their 

correlation with cardiovascular disease risk factors in Australian adults. J 

Intern Med 2003;254:555-63. 

40. Chen L, Peeters A, Magliano DJ, Shaw JE, Welborn TA, Wolfe R, et al. 

Anthropometric measures and absolute cardiovascular risk estimates in the 

Australian Diabetes, Obesity and Lifestyle (AusDiab) Study. Eur J 

Cardiovasc Prev Rehabil 2007;14:740-5. 

41. Al-Radaideh A, Tayyem R, Al-Fayomi K, Nimer N, Malkawi A, Al-Zu Bi R, 

et al. Assessment of Abdominal Fat Using High-field Magnetic Resonance 

Imaging and Anthropometric and Biochemical Parameters. Am J Med Sci 

2016;352:593-602. 

42. Maas AH, Appelman YE. Gender differences in coronary heart disease. Neth 

Heart J 2010;18:598-602. 

43. Faeh D, Braun J, Bopp M. Body mass index vs cholesterol in cardiovascular 

disease risk prediction models. Arch Intern Med 2012;172:1766-8. 

44. Green BB, Anderson ML, Cook AJ, Catz S, Fishman PA, McClure JB, et al. 

Using body mass index data in the electronic health record to calculate 

cardiovascular risk. Am J Prev Med 2012;42:342-7. 



 19 

FIGURE LEGENDS 

 

Figure 1. The 10-year cardiovascular disease (CVD) incidence in the ATTICA study 

(2001-2 to 2011-2; Attica, Greece) according to the baseline body mass index [BMI 

(kg/m2)] category. 
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Table 1. Anthropometric and clinical characteristics of the study sample (n=1958) at 

the baseline/entry examination of the ATTICA study (Attica, Greece). 

Age (years) 45.413.8 

Gender (men/women) 985/973 

Smoking [n (%)] 1077 (55) 

Education (years of school) 12.23.8 

Body weight (kg) 75.915.2 

Body mass index (kg/m2) 26.54.4 

Waist circumference (cm) 90.814.4 

Waist-to-hip ratio (cm/cm) 0.870.10 

Waist-to-height ratio (cm/cm) 0.540.08 

Waist-to-hip-to-height ratio (cm/cm/m) 0.510.06 

Diabetes [n (%)] 144 (7.4) 

Hypertension [n (%)] 590 (30.1) 

Hypercholesterolemia [n (%)] 843 (40.1) 
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Table 2. Results from multiple logistic regression models*, evaluating the effect of anthropometric (per 1 unit or per 1 SD) indices at baseline in relation to 

the 10-year incidence of cardiovascular disease. 

Variable  
Model 

(-2logL) 

Odds ratio (95% CI) 

all subjects (n=1958) 

Model 

(-2logL) 

Odds ratio (95% CI) 

men (n=985) 

Model 

(-2logL) 

Odds ratio (95% CI) 

women (n=985) 

Body weight Model 1 Per 1 kg 

1.02 (1.01-1.03) 

Per 1 SD 

1.44 (1.24-1.67) 

Model 1 Per 1 kg 

1.02 (1.00-1.03) 

Per 1 SD 

1.25 (1.04-1.50) 

Model 1 Per 1 kg 

1.02 (0.99-1.03) 

Per 1 SD 

1.22 (0.98-1.52) 

 Model 2 

(1252) 

Per 1 kg 

1.02 (1.01-1.03) 

Per 1 SD 

1.35 (1.16-1.58) 

Model 2 

(726) 

Per 1 kg 

1.01 (1.00-1.03) 

Per 1 SD 

1.20 (1.00-1.44) 

Model 2 

(510) 

Per 1 kg 

1.02 (0.99-1.03) 

Per 1 SD 

1.20 (0.96-1.50) 

Body mass 

index 

Model 1 Per 1 kg/m2 

1.06 (1.03-1.09) 

Per 1 SD 

1.29 (1.13-1.47) 

Model 1 Per 1 kg/m2 

1.06 (1.02-1.11) 

Per 1 SD 

1.25 (1.06-1.49) 

Model 1 Per 1 kg/m2 

1.04 (0.99-1.09) 

Per 1 SD 

1.20 (0.97-1.49) 

 Model 2 

(1260) 

Per 1 kg/m2 

1.05 (1.02-1.09) 

Per 1 SD 

1.24 (1.08-1.43) 

Model 2 

(725) 

Per 1 kg/m2 

1.05 (1.00-1.10) 

Per 1 SD 

1.21 (1.00-1.45) 

Model 2 

(511) 

Per 1 kg/m2 

1.03 (0.98-1.08) 

Per 1 SD 

1.16 (0.92-1.47) 

Waist 

circumference 

Model 1 Per 1 cm 

1.03 (1.02-1.04) 

Per 1 SD 

1.43 (1.24-1.66) 

Model 1 Per 1 cm 

1.02 (1.00-1.04) 

Per 1 SD 

1.27 (1.05-1.54) 

Model 1 Per 1 cm 

1.01 (0.99-1.03) 

Per 1 SD 

1.17 (0.93-1.48) 

 Model 2 

(1221) 

Per 1 cm 

1.02 (1.00-1.03) 

Per 1 SD 

1.30 (1.09-1.54) 

Model 2 

(711) 

Per 1 cm 

1.01 (0.99-1.03) 

Per 1 SD 

1.11 (0.90-1.38) 

Model 2 

(489) 

Per 1 cm 

1.01 (0.99-1.03) 

Per 1 SD 

1.14 (0.88-1.48) 

Waist-to-hip 

ratio  

Model 1 Not applicable Per 1 SD 

1.46 (1.27-1.69) 

Model 1 Not applicable Per 1 SD 

1.27 (1.05-1.54) 

Model 1 Not applicable Per 1 SD 

1.13 (0.91-1.40) 

 Model 2 

(1213) 

Not applicable Per 1 SD 

1.33 (1.14-1.55) 

Model 2 

(709) 

Not applicable Per 1 SD 

1.15 (0.94-1.41) 

Model 2 

(485) 

Not applicable Per 1 SD 

1.07 (0.85-1.36) 

Waist-to-height 

ratio 

Model 1 Not applicable Per 1 SD 

1.34 (1.15-1.55) 

Model 1 Not applicable Per 1 SD 

1.26 (1.04-1.53) 

Model 1 Not applicable Per 1 SD 

1.18 (0.92-1.49) 

 Model 2 

(1225) 

Not applicable Per 1 SD 

1.21 (1.03-1.43) 

Model 2 

(711) 

Not applicable Per 1 SD 

1.11 (0.89-1.37) 

Model 2 

(489) 

Not applicable Per 1 SD 

1.13 (0.87-1.46) 

Waist-to-hip-to-

height ratio 

Model 1 

 

Not applicable Per 1 SD 

1.36 (1.17-1.59) 

Model 1 Not applicable Per 1 SD 

1.26 (1.03-1.54) 

Model 1 Not applicable Per 1 SD 

1.13 (0.89-1.44) 

 Model 2 

(1219) 

Not applicable Per 1 SD 

1.24 (1.05-1.46) 

Model 2 

(710) 

Not applicable Per 1 SD 

1.14 (0.92-1.41) 

Model 2 

(485) 

Not applicable Per 1 SD 

1.05 (0.80-1.37) 

Model 1: Adjusted for age, and sex. Model 2: Adjusted for age, cardiovascular disease risk factors (smoking, diabetes, hypertension and 

hypercholesterolemia), educational status (years of school) and physical activity status. SD: standard deviation. *Results of logistic regression models are 

presented as odds ratios and the corresponding confidence interval. 
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Table 3. Results from multiple logistic regression models*, evaluating the associations of the 

body mass index (BMI) category at baseline in relation to the 10-year incidence of 

cardiovascular disease in all subjects (n=1958). 

  BMI <30 

kg/m2 

BMI ≥30 

kg/m2 

BMI <25 

kg/m2 

BMI 25-

29.9 kg/m2 

BMI ≥30  

kg/m2 

All subjects 

 (n=1958) 

Model 1 Ref 1.48 

(1.09-2.01) 

Ref 1.49 

(1.08-2.06) 

1.89 

(1.31-2.72) 

Model 2 Ref 1.42 

(1.03-1.97) 

Ref 1.29 

(0.92-1.81) 

1.68 

(1.14-2.49) 

Men  

(n=985) 

Model 1 Ref 1.46 

(0.99-2.17) 

Ref 1.24 

(0.79-1.94) 

1.70 

(1.03-2.82) 

Model 2 Ref 1.37 

(0.90-2.09) 

Ref 1.11 

(0.69-1.79) 

1.48 

(0.86-2.53) 

Women 

 (n=973) 

Model 1 Ref 1.40 

(0.84-2.31) 

Ref 1.28 

(0.77-2.13) 

1.60 

(0.91-2.80) 

Model 2 Ref 1.36 

(0.80-2.31) 

Ref 1.16 

(0.67-2.00) 

1.49 

(0.81-2.73) 

Model 1: Adjusted for age. Model 2: Adjusted for age, cardiovascular disease 

risk factors (smoking, diabetes, hypertension and hypercholesterolemia), 

educational status (years of school) and physical activity status. SD: standard 

deviation. *Results of logistic regression models are presented as odds ratios and 

the corresponding confidence interval. 

 

 

 




