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1. ABBREVIATIONS 
 

 

aOR  Adjusted odds-ratio 

BMI  Body mass index 

CI  Confidence interval 

CHD  Coronary heart disease 

CVD  Cardiovascular disease 

CVI  Cerebrovascular insult  

FFQ  Food frequency questionnaire 

HbA1c  Glycated hemoglobin 

HC  Hip circumference 

HDL  High-density lipoprotein 

IQR  Interquartile range 

JIS  Joint Interim Statement  

LDL  Low-density lipoprotein 

MD  Mediterranean diet 

MDSS  Mediterranean Diet Serving Score  

OR  Odds-ratio 

P  P-value 

SES  Socio-economic status 

WC  Waist circumference 

WHR  Waist-to-hip ratio 

WHtR  Waist-to-height ratio 
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2. OVERVIEW OF DOCTORAL THESIS RESEARCH 
 

 

This thesis is based on three scientific publications: 

 

1. Kolčić I*, Relja A*, Gelemanović A, Miljković A, Boban K, Hayward C, et al. 

Mediterranean diet in the southern Croatia - does it still exist? Croatian medical 

journal. 2016;57(5):415-24. (*The first two authors contributed equally.)  

 

2. Pribisalić A, Popović R, Salvatore FP, Vatavuk M, Mašanović M, Hayward C, et 

al. The Role of Socioeconomic Status in Adherence to the Mediterranean Diet and 

Body Mass Index Change: A Follow-Up Study in the General Population of 

Southern Croatia. Nutrients. 2021;13(11):3802. 

 

3. Relja A, Miljković A, Gelemanović A, Bošković M, Hayward C, Polašek O, et al. 

Nut Consumption and Cardiovascular Risk Factors: A Cross-Sectional Study in a 

Mediterranean Population. Nutrients. 2017;9(12). 
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2.1 INTRODUCTION 

2.1.1 Background 

 

One of the foremost global public health challenges is an epidemic of non-

communicable diseases, primarily due to prevalent unhealthy lifestyles. An unhealthy diet was 

attributed to a major portion of this risk, with 11 million attributable deaths in 2017 (1). The 

leading global dietary risk factors for death and disability were high sodium intake and the low 

intake of whole grains and fruits (1). Those highly preventable risk factors could be addressed 

by adopting scientifically proven healthy diets at the population level. One of the well-

described healthy eating models, in particular, is the Mediterranean diet (MD). It is one of the 

most commonly investigated nutritional patterns, with a large body of evidence showing that 

adherence to MD can sustain and preserve human health. Numerous health benefits of MD 

have been recorded (2), including reduced all-cause mortality (3-5), primary prevention of 

cardiovascular disease (6, 7), reduced cancer incidence and mortality (4, 8), and reduced risk 

for development of type 2 diabetes, obesity and metabolic syndrome (9-12). The benefits of 

MD also include safeguarding mental health (13-15) and overall better health-related quality 

of life (16, 17).  

The most prominent characteristics of the MD are the use of olive oil as the primary fat 

source, an abundance of vegetables, fruits, nuts, and whole grains daily, with moderate red 

wine and legumes consumption, while animal products are more of a relish, and the priority is 

given to fish and white meat over the red and processed type of meat (18). Many definitions 

and various scoring systems are being used to assess the dietary pattern and compliance to the 

Mediterranean diet (19), which is a consequence of the availability and types of locally 

produced foods, lifestyle and tradition (20). A new scoring system was proposed to assess the 

individual compliance to the Mediterranean diet - Mediterranean Diet Serving Score (MDSS), 

which was claimed to be an accessible, valid, and accurate instrument to assess Mediterranean 

diet adherence based on the consumption of foods and food groups per meal, day, and week 

(21). Its advantage is that it includes as many as 14 groups of foods, adding 1, 2, or 3 points to 

the total score, based on the frequency of consumption and the relative importance of the 

particular foods, without assigning negative points (21). 

Interestingly, although the definition of MD places nuts upfront and requires their daily 

intake (22), such intense consumption is not common even among populations of the 

Mediterranean region (23-25).  A growing body of evidence suggests that nuts are protective 

against cardiovascular diseases, cancer, diabetes, metabolic syndrome, and hypertension (26-
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33), with daily nut consumption reported to decrease the all-cause mortality risk (34-37). 

Furthermore, cardiovascular risk factors, namely body weight (38), blood pressure (39, 40), 

blood lipids (41), glucose (42), and uric acid (43), were also inversely associated with nut 

intake, suggesting their positive systemic role. Even though nuts contain high amounts of fat, 

their consumption has repeatedly been shown not to be associated with weight gain (44-46) but 

with moderate weight loss or weight stability (38).  

Furthermore, it was consistently shown that people who are more adherent to the MD 

had more favourable anthropometric indicators (47). For example, a large cohort study with 12 

years of follow-up showed that people with high adherence to the MD had a lower risk of 

becoming overweight/obese, experienced a lesser 5-year change in waist circumference, and 

had a lower 5-year weight change in case of normal weight at baseline (47). Additionally, MD 

was more effective in long-term weight loss (over two years of follow-up) in patients with 

metabolic syndrome than a prudent control diet (48). Hence, MD could be considered a good 

model for keeping the weight stable across life and a primary tool for individualized sustainable 

weight loss (49). In this context, the MD and the overall Mediterranean lifestyle could lend 

themselves “as the most appropriate regime for disease prevention, a sort of complete lifestyle 

plan for the pursuit of healthcare sustainability” (50). 

While the MD is traditionally practised in the countries of the Mediterranean basin, the 

global nutrition transition has resulted in deviation from the traditional plant-based diets 

towards a higher intake of animal-source food, added sugar, and vegetable oils (51). 

Unfortunately, an overall declining trend in adherence to the MD has been previously 

demonstrated in many Mediterranean countries (52-54), especially in younger generations (55-

60). A rapid spread of highly processed foods, coupled with a sedentary lifestyle, is believed 

to be the driving force behind the pandemic of chronic diseases like obesity, diabetes, and 

cardiovascular diseases. The process of Westernization during the period from 1961 to 2001 

was especially pronounced in the European countries of the Mediterranean basin (61), where 

the discrepancies between Mediterranean countries and regions have started to emerge more 

consistently (62).  

Besides the greater convenience of a diet relying on processed foods and ready-to-eat 

fast food to save time and effort, these foods are also readily available in our modern urbanized 

environments. They are appetizing, tasty and frequently cheaper than whole foods. Indeed, the 

monetary associated with the MD is one of the downsides. Some studies have shown that 

greater adherence to the MD was associated with a higher dietary cost (63-65), especially 

compared to a Western dietary pattern (66), so it is not surprising to find that the lowest-income 
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households had the lowest adherence to the MD, poorer health (50) and the highest obesity 

prevalence (67). However, it was shown that a higher educational status could mitigate poorer 

diet in lower-income countries (68), demonstrating a complex interplay between different 

socio-economic determinants and dietary habits. Additionally, it may be challenging to 

disentangle how socio-economic status (SES) contributes to various health outcomes, as SES 

can be defined by using several characteristics. SES characteristics include objective indicators, 

such as attained level of education, profession, employment/unemployment status, income, and 

the subjective perception of one’s wealth compared to others within the same community. 

Despite this complexity, the impact of socio-economic status on dietary patterns is undeniably 

important, making it a priority in terms of the need for effective public health interventions and 

broader political, economic, and societal interventions against inequalities.  

In general, based on geographical location and cultural heritage, the population of the 

Adriatic region of Croatia is considered adherent to the MD and the Mediterranean lifestyle 

(69). Also, Croatia was one of the countries that participated in the inscription of MD on the 

UNESCO’s Representative List of the Intangible Cultural Heritage of Humanity (70). 

However, the MD and its particular composition and the role of different socio-economic 

characteristics in the MD pattern and BMI change in the population of Dalmatia in Southern 

Croatia have been marginally investigated. Despite potential health benefits, investigation of 

the determinants of nut consumption in the general population is also very scarce in the 

literature (36, 71), leaving a substantial gap in knowledge. Nevertheless, Croatia is heavily 

encumbered with non-communicable diseases (72), ranking high among the leading countries 

in Europe regarding the prevalence of overweight and obesity, with as much as 58% of the 

adult population being affected (73). This undesirable trend is present even in young children, 

with as many as 35.9% of 7-9-year-olds who are overweight or obese (74). Therefore, a 

particular need to investigate the determinants of Mediterranean diet adherence and its 

association with the health-related outcomes, as well as the contribution of several socio-

economic factors in the pattern of MD in the population of Dalmatia in Southern Croatia. The 

results will provide a comparable source for any further international comparisons. 
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2.1.2 Research aims and hypothesis 

 

Research aims are: 

1) to assess the compliance with the Mediterranean dietary pattern and its constituting 

components, 

2) to estimate the temporal trend in adherence to the MD and the contribution of 

several socio-economic factors in the changing pattern of both the MD and BMI in 

a follow-up study in the population of Dalmatia in southern Croatia, and 

3) to investigate the association between nut consumption and the MD with various 

cardiovascular risk factors (central obesity indices, dyslipidemia, elevated 

fibrinogen, hypertension, diabetes, elevated glycated haemoglobin (HbA1c), 

metabolic syndrome, and gout). 

 

Research hypotheses are: 

1) Women and the elderly are more adherent to the MD. 

2) Higher socioeconomic status is associated with higher adherence to the MD. 

3) The temporal trend in MD adherence is negative in the population of Dalmatia in 

southern Croatia. 

4) Higher adherence to the MD and nut intake are associated with better health-related 

outcomes, namely lower indices of central obesity, and lower prevalence of 

dyslipidemia, elevated fibrinogen, hypertension, diabetes, elevated glycated 

haemoglobin (HbA1c), metabolic syndrome, and gout. 
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2.2 MATERIALS AND METHODS 

All three papers have included the same target population and very similar methodology 

and procedures, which justifies their compilation. Furthermore, the studies are investigating 

different, but sequential and coherent research questions, enabling their adequacy for being 

compiled in this proposed thesis. 

2.2.1 Study participants 

 All three published studies were performed within the “10,001 Dalmatians” study (75, 

76). The main objective of the “10,001 Dalmatians” study was to explore genetic and 

environmental risk factors by creating a biobank in the isolated populations of the Adriatic 

islands. The study was initiated in 1999 and had been investigating the health of isolated island 

communities ever since (77).  

  Chronologically, the initial field study was performed between 2003 and 2004 on the 

Island of Vis (n = 1,029). An additional 969 subjects were enrolled from the Island of Korčula 

in 2007 (the Town of Korčula and surrounding settlements), followed by 1,012 subjects from 

the City of Split in 2008–2009. Finally, 857 subjects were included in 2013 from the villages 

of Smokvica and Čara, situated in the central part of the Island of Korčula, and 1,121 subjects 

were included from 2014 to 2015 from the towns of Blato (n=985) and Vela Luka (n=136) on 

the western part of the Island of Korčula.  

 The field-based follow-up data collection was performed in 2011 for the subjects from 

the Island of Vis (n = 482, response rate 46.8%, mean follow-up of 7.5 years), in 2013 for the 

subjects from the Town of Korčula who were initially included in 2007 (n= 366; 37.8%; mean 

follow-up of 5.3 years), and in 2012–2013 for the subjects from the City of Split (n = 512; 

50.6%, mean follow-up of 4.4 years). The main reason for the different follow-up times 

between study sites is the use of an open cohort sampling approach; this inevitably led to a 

different amount of time that each participant could be followed for. Subjects from Smokvica, 

Čara, Blato, and Vela Luka (n = 1,978) were not included in the follow-up due to their initial 

inclusion in 2013–2015, after which no additional data collections were done within the 

“10,001 Dalmatians” study. 

The participants were recruited with a population-based convenient sampling approach, 

based on generalized invitations targeting subjects of age (≥18 years), without any other 

restrictions or exclusion criteria. The “10,001 Dalmatians” study was conducted according to 

the guidelines of the Declaration of Helsinki and approved by the Institutional Ethics 

Committee of the University of Split School of Medicine (protocol code 2181-198-03-04/10-
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11-0008). All respondents were informed of the study aims and goals, benefits, and risks, and 

were asked to sign an informed consent before entering the study.  

Two out of the three published studies were cross-sectional (papers “Mediterranean 

diet in the southern Croatia – does it still exist?”, and “Nut Consumption and Cardiovascular 

Risk Factors: A Cross-Sectional Study in a Mediterranean Population”), while the remaining 

was a follow-up study (paper “The Role of Socioeconomic Status in Adherence to the 

Mediterranean Diet and Body Mass Index Change: A Follow-Up Study in the General 

Population of Southern Croatia”).  

The descriptive cross-sectional study from the paper “Mediterranean diet in the 

southern Croatia – does it still exist?” aimed to portray the contemporary dietary patterns and 

included only participants recruited after 2010 during either their follow-up or upon their first 

enrolment. The participants originated from the Island of Vis (n=401; recruited in 2011), the 

Island of Korčula (n=1980; recruited in 2012-2014), and the City of Split (n=512; recruited in 

2012-2013).    

The cross-sectional study from the paper “Nut Consumption and Cardiovascular Risk 

Factors: A Cross-Sectional Study in a Mediterranean Population” included participants from 

the “10,001 Dalmatians” study upon their first enrollment: subjects from the Island of Vis (n = 

1,027, sampled during 2003–2004 period), Island of Korčula (n = 2,581, sampled during 2007 

and 2012–2015 period) and the City of Split (n = 1,012, sampled in 2008–2009 period).  

The follow-up study from the paper “The Role of Socioeconomic Status in Adherence 

to the Mediterranean Diet and Body Mass Index Change: A Follow-Up Study in the General 

Population of Southern Croatia” included all the participants from the “10,001 Dalmatians” 

study upon their first enrollment, and also upon their follow-up. Therefore, the total number of 

participants was N=4,988 for the initial and N=1,342 for the follow-up study.   

2.2.2 Data collection and measurements  

Each participant from the “10,001 Dalmatians” was offered an array of clinical 

measurements, which included blood and urine testing, followed by blood pressure and 

anthropometric measurements, electrocardiography, arterial stiffness, spirometry, heel bone 

density (dual-energy X-ray absorptiometry, DEXA), ophthalmological examination and other 

clinically relevant examinations. Using standard operating procedures, trained nurses and 

medical doctors collected anthropometric and clinical measurements. After providing the 

fasting blood and urine sample, participants filled out an extensive self-administered 

questionnaire that included demographic characteristics, detailed socioeconomic status, dietary 
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habits, smoking habits, alcohol consumption, physical activity, medical history, and important 

cardiovascular disease risk factors. Older adults and those with disabilities were offered 

assistance during surveying by a team of nine trained surveyors. Medical records or subjects’ 

responses were used to extract relevant medical history information, including previous 

diagnoses and the use of medications. The list included hypertension, type 2 diabetes, coronary 

heart disease (CHD), cerebrovascular insult (CVI), cancer, bipolar disorder, hyperlipidemia, 

and gout. 

Urine samples were immediately pre-processed at the study site, while the fasting blood 

samples were shipped frozen to specialized and accredited laboratories that used the same 

standard methods for determining concentrations of selected biochemical parameters. 

2.2.3 Blood pressure and anthropometry 

Blood pressure was measured twice by a manual mercury sphygmomanometer 

(calibrated weekly), at least five minutes apart, in a sitting position, after at least 10 min of rest. 

An average value of two measurements was taken for the analysis. Subjects were considered 

to have hypertension if they (a) reported a previous diagnosis of hypertension or (b) reported 

the use of anti-hypertensive medication or (c) had a mean systolic blood pressure ≥140 mmHg 

or mean diastolic pressure ≥90 mmHg (78). Anthropometric measurements were performed 

using standard procedures, including body height, body weight, waist circumference (WC), 

and hip circumference (HC). Body mass index (BMI) was calculated using measured height 

and weight, and subjects were divided into three categories, representing subjects with normal 

body weight (from 18.5 to 24.9 kg/m2), overweight (25.0 to 29.9 kg/m2), and obese subjects 

(≥30.00 kg/m2). Besides body mass index (BMI), other measures such as waist-to-hip ratio 

(WHR) and waist-to-height ratio (WHtR) were calculated to represent relative measures of 

central obesity. The cut-off value for elevated WC was ≥94 cm for men and ≥80 cm for women 

(79); for elevated WHR it was ≥0.85 for women and ≥0.90 for men (79), and for WHtR it was 

≥0.50 for both sexes (80). 

2.2.4 Biochemistry 

Biochemical parameters included total cholesterol, low-density lipoprotein cholesterol 

(LDL), high-density lipoprotein cholesterol (HDL), triglycerides, glucose, HbA1c, uric acid, 

and fibrinogen. Fasting blood samples were collected from the antecubital vein into EDTA and 

serum tubes and pre-processed immediately in remote study sites. They were shipped frozen (-

80°C) to two specialized and accredited laboratories (HRN EN ISO 15189) in Zagreb (samples 
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collected from Vis Island and Split were analyzed in “Labor Centar” and samples from Korčula 

Island were analyzed in “Breyer Laboratory”). Both laboratories used the same standard 

methods for determining concentrations of glucose, HbA1c, uric acid, blood lipids, and 

fibrinogen (measured using the Clauss method). 

Subjects whose fasting glucose level exceeded 7.0 mmol/l or those who reported a 

previous diagnosis of diabetes type 2 were considered to be diabetic (81). Metabolic syndrome 

was defined using the Joint Interim Statement (JIS) definition and the cut-off value used for 

elevated waist circumference was ≥80 cm for women and ≥94 cm for men (82). Subjects who 

had elevated uric acid (≥404 μmol/l for men and ≥338 μmol/l for women (83) or had a record 

in medical history were considered positive for gout. The cut-off level for elevated cholesterol 

was ≥5.0 mmol/l, for LDL cholesterol, it was ≥3.0 mmol/l, and for triglycerides, the cut-off 

was ≥1.7 mmol/l (82). HDL values of ≤1.03 mmol/l for men and ≤1.29 mmol/l for women were 

considered as reduced HDL concentrations (82). Information on taking medications for 

dyslipidemia was also taken into account. The concentration of fibrinogen was considered to 

be lowered if ≤1.5 g/l, normal if between 1.51-4.0 g/l, or elevated if the concentration was ≥4.0 

g/l (84).  

2.2.5 Lifestyle characteristics 

The lifestyle characteristics were assessed with smoking status, alcohol intake, and 

physical activity. Smoking status was assigned as current smoker, ex-smoker (stopped more 

than one year ago), and never-smoker.  

Alcohol intake was measured in units per week to combine all the types of alcohol a 

subject could have consumed during the week (beer, wine, and hard liquor). In cases of 

consumption of ≥28 units/week for men and ≥21 units/week for women, a subject was 

classified as an excessive drinker (85), or a moderate drinker in cases of consuming less (1–27 

units/week for men and 1–20 units/week for women), while those who did not consume any 

alcohol were considered non-drinkers. 

The level of physical activity was assessed from the survey; light activity was assigned 

when the subject reported sitting or light physical activity during both work and leisure time. 

A moderate level of physical activity was assigned if a subject declared a moderate level of 

physical exertion in at least one part of the day. In contrast, intensive activity was assigned to 

all subjects who reported hard labour or other intense physical activity during either part of the 

day. 
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2.2.6 Socioeconomic characteristics  

Socioeconomic status was assessed using three determinants: education, subjective 

material status, and objective material status.  

Education level was measured as years of formal schooling and later classified as 

corresponding to the Croatian educational system. The groups were constructed according to 

the number of completed years of schooling, which corresponded to primary education (≤8 

years of schooling), secondary (high school level with 9–12 years of schooling), and higher 

education (≥13 years of schooling). For the follow-up study, the socio-economic status was 

only assessed during the initial data collection when only 17 subjects reported being students 

and therefore were automatically included in the higher education group.  

Subjective material status was assessed based on the participant’s perception of her/his 

material status in comparison to other people in their community. Possible responses to this 

question were ‘much worse than the average’, ‘somewhat worse than the average’, ‘the same 

as others’, ‘better than the average’, ‘much better than the average’. These responses were 

grouped into three categories for easier interpretation: worse than average (responses ‘much 

worse than average’ and ‘somewhat worse than average’), average (‘the same as others’), and 

better than average (including answers ‘better than average’ and ‘much better than average’).  

The assessment of objective material status was based on 16 validated questions 

forming the composite index (86) indicating the wealth of the subject. The questions referred 

to the material items or goods in the subject’s possession, including heating system, wooden 

floors, video/DVD recorder, telephone, computer, two TVs, freezer, dishwasher, water supply 

system, flushing toilet, bathroom, library with more than 100 books, paintings or other art 

objects, a car, vacation house or second apartment, boat. The responses were summed and 

classified into four quartile categories according to the distribution in the study population (first 

quartile with values ≤8, second 9–10, third 11–12, and fourth quartile with values 13–16). 

Additional variable indicating the recession period (before/after) was included in the 

follow-up study to take into account the financial crisis of 2007–2008 and many economic and 

social changes that had happened in Croatia during such a long study period of observation 

(from 2003–2015). Therefore, the variable denoted the recession period as having started in 

target population after 2008 (including subsequent years). 

2.2.7 Diet composition and Mediterranean diet assessment 

The assessment of the diet composition was based on a food frequency questionnaire 

(FFQ), based on which the Mediterranean Diet Serving Score (MDSS) was calculated. The 



 

12 
 

FFQ consisted of 55 questions on commonly consumed foods, with six possible responses 

(every day, 2–3 times a week, once a week, once a month, rarely, and never), investigating the 

frequency of consumption of different foods. Mediterranean diet adherence was assessed using 

the MDSS, which incorporates 14 specific food groups representing the modern MD pyramid: 

fruit, vegetables, cereals, potatoes, olive oil, nuts, dairy products, legumes, eggs, fish, white 

meat, red meat, sweets, and fermented beverages—namely wine (21).  According to the 

proposed MDSS approach  (21), we created 14 categories of foods that comprised the 

Mediterranean diet: fruit (including two questions; fresh and dried fruit), vegetables (5 

questions; leafy, rooted, cruciferous, tomatoes, canned, and pickled vegetables), cereals (5 

questions; white bread, wholegrain bread, rice, pasta, muesli), potatoes, olive oil, nuts, dairy 

products (5 questions; milk, yoghurt, sour cream, hard cheese, cottage cheese), legumes, eggs, 

fish (4 questions; blue fish, white fish, mollusks, octopus), white meat (2 questions; chicken, 

turkey), red meat (6 questions; beef, calf, pork, lamb, sausages, pancetta), sweets (7 questions; 

cakes, chocolate, cookies, bonbons, jam, sweetened fruit juice, fizzy drinks), fermented 

beverages (4 questions; red and white wine, red and white bevanda). 

MDSS requires a daily intake of vegetables, fruit, olive oil, and cereals (intake of each 

group is awarded three points for two or more servings a day). Daily intake is encouraged for 

nuts and dairy products (each group is awarded two points for one or more servings a day) and 

for wine (one or two glasses per day, awarded with one point) (21). The remaining food groups 

are awarded one point. Namely, red meat and sweets should be among the less frequently eaten 

foods (two or fewer servings per week), while potatoes, legumes, eggs, fish, and white meat 

should be consumed weekly. In this way, the foods that are more beneficial for health and 

should be consumed several times a day bring greater weight to the final score, while the foods 

like red meat, eggs, potatoes, and sweets that should be kept at a low frequency of consumption 

bring lesser weight to the final score. More detailed rules for assigning points for food group 

intake are listed in Table 1. The maximum possible MDSS was 24 points with no negative 

points. Additionally, the cut-off of ≥14 points was considered good compliance with the MD 

(21). This questionnaire was also validated for use in the Croatian population in the short form 

(87). Some subjects were excluded from the analyses due to missing values in the FFQ or the 

inability to calculate the MDSS at baseline.  
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Table 1. The required MDSS food components’ intakes and points  

 
ADVISED 

CONSUMPTION 

POINTS 

AWARDED 

VEGETABLES ≥ 2 portions / main meal 3 

FRUIT 1-2 portions / main meal 3 

CEREALS 1-2 portions / main meal 3 

OLIVE OIL   1   portion  / main meal 3 

DAIRY PRODUCTS   2   portions / day 2 

NUTS 1-2 portions / day 2 

WINE 1-2  glasses  / day 1 

FISH ≥ 2 portions / week 1 

LEGUMES ≥ 2 portions / week 1 

EGGS 2-4 portions / week 1 

POTATO ≤ 3 portions / week 1 

SWEETS ≤ 2 portions / week 1 

RED MEAT < 2 portions / week 1 

WHITE MEAT   2  portions / week 1 

  TOTAL SCORE 24 

 

 Nut consumption frequency was assessed using one question, and all types of nuts were 

included (tree nuts and peanuts). Subjects were classified into four categories: daily nut 

consumers (reported nut intake “every day”), weekly consumers (reported “2–3 times a week” 

nut intake), monthly (reported “once a week” or “once a month”) and those who consume nuts 

infrequently or never (reported “rarely” or “never”). 

2.2.8 Statistical Analysis 

 All categorical variables were described using absolute numbers and percentages, and 

numerical variables were described with medians and interquartile ranges (IQR), due to 

frequent non-normal distribution assessed using the Kolmogorov-Smirnov test. Differences 

between groups for categorical variables were examined with 𝜒2, and for numerical variables 

with Kruskal–Wallis. Additionally, the differences between included subgroups were analyzed 

with Mann–Whitney U for pairwise comparison of numerical variables and 𝜒2 for categorical 

variables. Spearman rank test was used to test correlations between variables. The multivariate 

analyses included ordinal, logistic, and linear regression, all controlled for known confounding 

factors. Adjusted odds ratios (OR) and 95% confidence intervals (CI) were provided for 

multivariate ordinal and logistic regression models, while betas and 95% CI were provided for 

multivariate linear regression. As each study included different variables of interest, more 
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details on regression models and specific analyses are listed separately below. Nevertheless, 

the significance level was set at P<0.05 (two-sided), and all statistical analyses were performed 

using IBM SPSS Statistics v19 (IBM, Armonk, NY, USA). 

2.2.8.1 Study “Mediterranean diet in southern Croatia - does it still exist?” 

Multivariate logistic regression analysis was used to investigate the characteristics 

associated with compliance to the MD, using the upper quartile of 14 points as a cut-off 

(MDSS≥14 points). Therefore, the dependent binary variable corresponds to a proposed MDSS 

cut-off for a good compliance with the MD (21). The model included six covariates: age (3 age 

group categories: 18.0–34.9 years, 35.0–64.9 years, and ≥65.0 years), sex, place of residence 

(Vis, Korčula, Split), years of schooling, smoking status, and level of physical activity. All 

covariates were categorical variables to provide a better understanding of the results. In all 

instances, we provided OR and 95% CI.  

2.2.8.2 Study “The Role of Socioeconomic Status in Adherence to the Mediterranean Diet 

and Body Mass Index Change: A Follow-Up Study in the General Population of 

Southern Croatia. “ 

Univariate and multivariate logistic regression analyses (enter method) were used to 

assess the association between three SES characteristics (education level, subjective material 

status, objective material status) and overall adherence to the MD (MDSS ≥ 14 points) at 

baseline. Additionally, multivariate logistic regression analysis was used to assess adherence 

predictors for each of the 14 MD food groups within the MD scoring system. All multivariate 

models also included age (3 age group categories: 18.0–34.9 years, 35.0–64.9 years, and ≥65.0 

years), sex, place of residence (Vis, Korčula, Split), number of previously diagnosed chronic 

diseases, smoking status, level of physical activity, and BMI as confounding factors. There 

were only 53 subjects in the baseline sample with a BMI less than 18.5 kg/m2, and we have 

excluded them from the regression analysis due to the small sample size of the group. 

Additionally, to control for the potential confounding effects of 2007–2008, we included a 

variable denoting the data collection period as either before or after the recession period in all 

of the regression models. All of the included covariates were entered as categorical variables 

to easier interpret the results. OR and 95% CI were provided for both univariate and 

multivariate logistic regression models. Correlations between the three variables describing 

socioeconomic status were tested using the Spearman rank test, before using them together in 

logistic regression models; none of the Spearman’s rho values were higher than 0.401.  
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Linear regression models were used to assess the association between absolute change 

in MDSS and BMI across the follow-up period with different subjects’ characteristics. The 

main predictor variables were again the three SES characteristics (education level, subjective 

material status, and objective material status), and the models also included important 

confounding variables: age, follow-up time, sex, place of residence, number of previously 

diagnosed chronic diseases, smoking status, level of physical activity, BMI at baseline, and 

MDSS at baseline. Additionally, the model with BMI change during the follow-up as an 

outcome variable also included the MDSS absolute change during the follow-up as a covariate. 

The change in the prevalence of the adherence to the MD and each of the MD food 

groups between baseline (t0) and the follow-up period (t1) was assessed by calculating the 

percent change, using the following formula:  

MD adherence (%)change  =  
MD adherence(%)𝑡1

 −  MD adherence(%)𝑡0

MD adherence(%)𝑡0

  ∗  100.  

Additionally, the absolute change in MDSS and BMI between baseline (t0) and the 

follow-up period (t1) was calculated using the following formulas:  

   MDSSchange =  MDSS𝑡1
−  MDSS𝑡0

,  

BMIchange =  BMI𝑡1
− BMI𝑡0

.  

The Wilcoxon signed-rank test and McNemar test were used to compare the differences 

between paired data for repeated measurements (baseline vs. follow-up).  

2.2.8.3 Study “Nut Consumption and Cardiovascular Risk Factors: A Cross-Sectional Study 

in a Mediterranean Population.”   

The 405 subjects who reported a previous diagnosis of either coronary heart disease or 

cerebrovascular insult were excluded from all the multivariate analyses of the association of 

nut consumption with different cardiovascular risk factors to test the hypothesis only in subjects 

at risk of cardiovascular disease.  

The multivariate analysis included ordinal regression and logistic regression. Ordinal 

regression analysis was used to identify the characteristics associated with the ordinal 

dependent variables: BMI and fibrinogen (each variable was analysed in a separate model). 

Covariates in these three models included sex, age (3 age group categories: 18.0–34.9 years, 

35.0–64.9 years, and ≥65.0 years), place of residence (Vis, Korčula, Split), education 

attainment (years of schooling), quartiles of material status, smoking status, alcohol intake, 
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overall adherence to the MD (MDSS ≥14 points), nut consumption, level of physical activity, 

WHtR (only in fibrinogen models), and four chronic diseases (hypertension, diabetes, 

metabolic syndrome, and gout). In each model, the highest value of the ordinal dependent 

variable was used as a referent point (BMI ≥30 kg/m2; fibrinogen ≥4.0 g/L). Beta values were 

transformed into OR using the exponential value of beta, with 95% CI (exponential values of 

beta’s lower and upper bounds).  

A logistic regression analysis was used to identify the characteristics associated with 

the binary outcome variables: waist circumference, WHR, WHtR as binary outcomes (normal 

or ref. elevated), hypertension, diabetes, elevated HbA1c, metabolic syndrome, gout, elevated 

triglycerides, elevated cholesterol, elevated LDL cholesterol, and decreased HDL cholesterol. 

All the logistic regression models were controlled for known confounding factors: sex, age, 

cohort effect (place of residence), years of schooling, quartiles of material status, smoking 

status, alcohol intake, overall adherence to the MD, nut consumption, level of physical activity, 

WHtR and four chronic diseases (hypertension, diabetes, metabolic syndrome, and gout), 

except in models where these were dependent variables. Metabolic syndrome was omitted as a 

covariate in the regression models for elevated triglycerides, cholesterol, LDL cholesterol, 

HDL cholesterol and fibrinogen due to its failure to meet the model diagnostic criteria 

(Hosmer–Lemeshow test). On the other hand, models with chronic diseases or central obesity 

indices as outcome variables did include metabolic syndrome as a covariate, except in the 

model where metabolic syndrome was a dependent variable. Using this approach, all the 

models built for the analysis had a good fit (Hosmer and Lemeshow test P-values were > 0.05).  
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2.3 RESULTS 

2.3.1 Paper “Mediterranean diet in the southern Croatia - does it still exist?”   

After the exclusions of participants due to missing values needed for the calculation of 

MDSS, the analysis included N=2,768 subjects from three study sites; 385 originated from the 

island of Vis, 1,874 from the island of Korčula, and 509 from the City of Split (Table 2).  

Table 2. Adherence to the Mediterranean diet (14 food components and the overall adherence 

expressed as MDSS≥14 points), according to the place of residence in a total sample of 2,768 subjects. 

 Place of residence  

 
Island of 

Korčula 

n=1,874 

Island of 

Vis 

n=385 

City of 

Split 

n=509 
P-values 

Sex; n (%)    

   0.301 (0.238KV;0.224KS; 0.939VS) men 685 (36.6) 153 (39.7) 201 (39.5) 

women 1189 (63.4) 232 (60.3) 308 (60.5) 

Years of age; median 

(IQR) 
55.0  

(40.7-65.3) 
63.5 

(54.1 – 73.1) 
58.0  

(47.0-66.0) 
<0.001 (<0.001KV;<0.001KS;<0.001VS) 

Education (years of 

schooling); median (IQR) 
12 (9-12) 11 (6-12) 12 (12-16) <0.001 (<0.001KV;<0.001KS;<0.001VS) 

Smoking status; n (%)     

current smokers 522 (29.7) 99 (25.7) 84 (20.0) 

<0.001 (<0.001KV;<0.001KS;<0.001VS) ex-smokers 369 (21.0) 49 (12.7) 132 (31.4) 

never-smokers 983 (52.4)  237 (61.6)  293 (57.6) 

Physical activity; n (%)     

light 341 (18.2) 148 (38.4) 136 (26.7) 

<0.001 (<0.001KV;<0.011KS;<0.003VS) moderate 1210 (64.6) 200 (51.9) 356 (69.9) 

intensive 174 (9.3) 21 (5.5) 8 (1.6) 

MDSS; median (IQR) 10 (8-13) 12 (9-14) 11 (8-15) <0.001 (<0.001KV; <0.001KS; 0.401VS) 

MDSS≥14 points; n (%) 352 (18.8) 123 (31.9) 160 (34.4)  <0.001 (<0.001KV; <0.001KS; 0.885VS) 

MDSS components 

adherence; n (%) 
    

fruit 937 (50.0) 228 (59.2) 320 (62.9) <0.001 (<0.001KV; <0.001 KS; 0.268 VS) 

vegetables 521 (27.8) 127 (33.0) 216 (42.4) <0.001 (0.041KV; <0.001 KS; 0.004 VS) 

cereals 1625 (86.7) 365 (94.8) 405 (79.6) <0.001 (<0.001KV; <0.001KS;<0.001VS) 

potatoes 1229 (65.6) 334 (86.8) 462 (90.8) <0.001 (<0.001KV; <0.001KS; 0.066 VS) 

olive oil 1283 (68.5) 296 (76.9) 328 (64.4) <0.001 (0.001KV; 0.085 KS; <0.001 VS) 

nuts 86 (4.6) 10 (2.6) 57 (11.2) <0.001 (0.078KV; <0.001KS; <0.001VS) 

dairy products 339 (18.1) 84 (21.8) 106 (20.8)   0.132 (0.088KV; 0.160 KS; 0.742VS) 

legumes 412 (22.2) 78 (20.3) 122 (24.0)   0.406 (0.454KV; 0.341KS; 0.196VS) 

eggs 462 (24.7) 80 (20.8) 134 (26.3)   0.148 (0.105KV; 0.440KS; 0.058VS) 

fish 1161 (62.0) 252 (65.5) 286 (56.2)   0.013 (0.196KV; 0.018KS; 0.006VS) 

white meat 758 (40.4) 136 (35.3) 185 (36.3)   0.069 (0.067KV; 0.093KS; 0.778VS) 

red meat 548 (29.2) 127 (33.0) 201 (39.5) <0.001 (0.144KV; <0.001KS; 0.050VS) 

sweets 597 (31.9) 105 (27.3) 164 (32.2)   0.185 (0.077KV; 0.876KS; 0.122VS) 

wine 315 (16.8) 125 (32.5) 136 (26.7) <0.001 (<0.001KV; <0.001KS; 0.064VS) 

 MDSS- Mediterranean Diet Serving Score. KV Pairwise comparison P-value: Korčula vs. Vis.   
KS Pairwise comparison P-value: Korčula vs. Split. VSPairwise comparison P-value: Vis vs. Split. 
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The study revealed rather unsatisfactory adherence to the MD in Southern Croatia. In 

total, 22.9% of participants reported a dietary pattern adherent to the MD pyramid according 

to the MD scoring system criteria, with an MDSS median of 11 of the maximal 24 points (IQR 

8-13). The median MDSS was as low as 10 among participants from the Island of Korčula, 11 

among those from Split, and 12 among subjects from the Island of Vis, although participants 

from the island of Vis did not statistically differ from those from Split (Table 2).  

There was a wide range of variability in the compliances with the 14 MDSS food 

components, as stated in Table 2. The required high intake of vegetables (≥2 servings/main 

meal) was poorly met in this study: only 28% of participants from Korčula adhered to the daily 

vegetable consumption requirement, 33% from Vis, and 42% from Split. Fruit consumption 

showed overall better results, ranging from 50% in Korčula to 63% in Split. The required intake 

of cereals as recommended by the MD scoring system (1-2 portions / main meal) was met by 

most of the participants stratified by the place of residence (ranging from 80% in Split to 95% 

in Vis). Olive oil intake was commonly reported (64-77%). Satisfactory fish consumption was 

generally present in more than 56% of the participants (stratified by place of residence), with 

the highest proportion recorded among participants from Vis (66%). The worst result for a 

particular component was recorded for nuts intake, whereas as little as 3% of subjects from Vis 

reported eating nuts every day, and the situation was not much better among the participants 

from Korčula (5%), and Split (11%). The participants from Korčula had lower compliance for 

potato intake (66%) compared to participants from Vis and Split (87% and 91%, respectively). 

MDSS recommendations for dairy products, legumes, eggs, and wine consumption were met 

by 17-26% of the participants, while those for meat and sweets were met by 29-40% (stratified 

by place of residence). The prevalence of compliance to the guidelines for sweets, white meat, 

eggs, legumes, and dairy products did not differ across the three subgroups according to the 

place of residence (Table 2). 

Better compliance with the overall Mediterranean diet, as well as with the majority of 

the MDSS components, was recorded among the oldest participants. Breakdown into three 

groups according to the subject’s age revealed substantial differences in favour of higher 

MDSS in the elderly group (all P <0.001, Table 3). Overall, only 12% of subjects from the 

youngest group were identified as adherent to MD, while the corresponding figure in the eldest 

age groups was 34%. Significant differences in compliance across three age groups were 

identified for all MDSS food components except white meat, dairy products, nuts, and cereals 

(Table 3).  
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Table 3. Adherence to the Mediterranean diet (14 food components and the overall adherence expressed as 

MDSS≥14 points), according to the age group in a total sample of 2,768 subjects. 

 

 
Age groups 

P-values 

 
18.0 – 34.9 

n=372 

35.0 – 64.9 

n=1,617 

≥65.0 years 

n=779 

Sex; n(%)     

men 149 (40.1) 571 (35.3) 319 (40.9) 
 0.016  (0.086*;0.772†; 0.007‡) 

woman 223 (59.9) 1046 (64.6) 460 (59.1) 

Education (years of 

schooling); median (IQR) 

12.0  

(11.0-15.0)  

12.0  

(11.0-13.0)  

11.0  

(6.0-12.0) 
<0.001 (<0.001*;<0.001†;<0.001‡) 

Smoking status; n (%)     

current smokers 163 (45.4) 478 (32.4) 64 (9.2) 
<0.001 (<0.001*;<0.001†;<0.001‡) ex-smokers and never-

smokers 
209 (54.6) 1139 (67.6) 715 (90.8) 

Physical activity; n (%)     

light 85 (23.3) 284 (18.7) 256 (36.1) 
<0.001 (<0.001*;<0.001†;<0.001‡) moderate 252 (69.0) 1102 (72.5) 412 (58.0) 

intensive 28 (7.7) 133 (8.8) 42 (5.9) 

MDSS; median (IQR) 
9.0  

(7.0 – 11.0) 
11.0  

(8.0-13.0) 
12.0  

(9.0-14.0) 
<0.001 (<0.001*; <0.001†; <0.001‡) 

MDSS≥14 points; n (%) 46 (12.4)  324 (20.0)  265 (34.0) <0.001 (0.001*; <0.001†; <0.001‡) 

MDSS components 

adherence; n (%) 
    

fruit  132 (35.5) 863 (53.4) 490 (62.9) <0.001 (<0.001*; <0.001†; <0.001‡) 

vegetables 95 (25.5) 471 (29.1) 298 (38.3) <0.001 (0.166*; <0.001†; <0.001‡) 

cereals 316 (84.9) 1403 (86.8) 676 (86.8)   0.632 (0.356*; 0.400†; 0.993‡) 

potatoes 314 (84.4) 1195 (73.9) 516 (66.2) <0.001 (<0.001*; <0.001†; <0.001‡) 

olive oil 193 (51.9) 1082 (66.9) 632 (81.1) <0.001 (<0.001*; <0.001†; <0.001‡) 

nuts 19 (5.1) 88 (5.4) 46 (5.9)   0.835  (0.796*; 0.584†; 0.644‡) 

dairy products 78 (21.0) 308 (19.0) 143 (18.4)   0.571  (0.398*; 0.293†; 0.685‡) 

legumes 80 (21.5) 320 (19.8) 212 (27.2) <0.001 (0.473*; 0.037†; <0.001‡) 

eggs 115 (30.9) 416 (25.7) 145 (18.6) <0.001 (0.041*; <0.001†; <0.001‡) 

fish 185 (49.7) 978 (60.5) 536 (68.8) <0.001 (<0.001*; <0.001†; <0.001‡) 

white meat 150 (40.3) 618 (38.2) 311 (39.9)   0.617  (0.452*; 0.897†; 0.423‡) 

red meat 93 (25.0) 493 (30.5) 290 (37.2) <0.001 (0.037*; <0.001†; 0.001‡) 

sweets 74 (19.9) 493 (30.5) 299 (38.4) <0.001 (<0.001*; <0.001†; <0.001‡) 

wine 45 (12.1) 327 (20.2) 204 (26.2) <0.001 (<0.001*; <0.001†; 0.001‡) 
 

MDSS: Mediterranean Diet Serving Score. 

* Pairwise comparison P-value: 18.0-34.9 years vs. 35.0–64.9 years.  

† Pairwise comparison P-value: 18.0-35 years vs. ≥65 years. 

‡ Pairwise comparison P-value: 34.9-64.9 years vs. ≥65 years. 

 

Furthermore, the breakdown by sex and age suggested somewhat better indices in 

women and older age groups, with only one significant result: good compliance to the MD 

differed according to age groups only in women (P =0.024) (Figure 1). 
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Figure 1.  Adherence to the MD (14 food components and the overall adherence expressed as MDSS≥14 

points), according to the sex and age group in a total sample of 2,768 subjects (significant differences 

at the level of P<0.05 between age groups are denoted with an asterisk; χ2 test). 

 

Logistic regression analysis revealed several variables to be strongly associated with 

adherence to the Mediterranean diet (MDSS ≥14 points). For instance, men had 48% lesser 

odds of showing compliance to the MD compared to women (OR =0.52, 95% CI 0.42-0.65, P 

<0.001), while the youngest age group had 70% and middle age group 56% lesser odds 

compared to the oldest participants (OR =0.30, 95% CI 0.20-0.45, P <0.001 and OR=0.44, 
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95% CI 0.35-0.56, P <0.001 respectively) (Table 4). Both the participants from Vis and those 

from Split showed greater odds for good adherence to the Mediterranean diet (OR =1.99, 95% 

CI 1.50-2.64, P <0.001 and OR =1.67, 95% CI 1.28-2.19, P <0.001, respectively) (Table 4). 

Physical activity, lower education, and smoking were marginal predictors or lacked 

significance (Table 4). The regression model yielded good data fit (Hosmer and Lemeshow P 

=0.225, Nagelke R2 =0.101). 

Table 4. Characteristics associated with adherence to the Mediterranean diet (MDSS≥14 points) using 

the multivariate logistic regression analysis (N=2,768). 

 MDSS≥14 points 

 Adjusted odds ratio 

(95% confidence interval); P 

Sex (referent (ref.): women)   

men   0.52 (0.42 – 0.65); <0.001 

Age (years, ref: ≥65.0 )  

35.0– 64.9 0.44 (0.35-0.56); <0.001 

  18.0–34.9 0.30 (0.20-0.45); <0.001 

Place of residence (ref: Korčula)  

Split 1.67 (1.28-2.19); <0.001 

Vis 1.99 (1.50-2.64); <0.001 

Education (years of completed 

education*, ref: ≥13 )  

 

<8 0.57 (0.39-0.83); 0.003 

8-10 0.70 (0.49-0.99); 0.045 

11-12    0.61 (0.48-0.79); <0.001 

Smoking status (ref: non-smokers)  

smokers 0.77 (0.60-0.99); 0.045 

Physical activity (ref: intensive)  

light 0.61 (0.40-0.93); 0.021 

moderate 0.71 (0.48-1.04); 0.080 
 

Adjusted odds ratios, 95% confidence intervals and P-values were calculated using a multivariate logistic 
regression model simultaneously adjusted for all the covariates listed in this table (enter method). 
*Categorized into four categories according to years of completed education: less than completed primary 
school (<8), completed primary school and/or a few years of high school (8-10), completed high school 
(11-12), and more than high school (≥13). 
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2.3.2 Paper “The Role of Socioeconomic Status in Adherence to the Mediterranean Diet 

and Body Mass Index Change: A Follow-Up Study in the General Population of 

Southern Croatia.“  

After the exclusions of participants due to missing values needed for the calculation of 

MDSS, the analysis included N=4,671 subjects upon their initial enrolment and N=1,342 

subjects for the follow-up analysis. Therefore, the analysis of initially enrolled participants 

included n=1,012 subjects from the Island of Vis (sampled during 2003–2004 period), n=2,651 

subjects from the Island of Korčula (sampled during 2007 and 2012–2015 period), and n=1,008 

subjects from the City of Split (sampled in 2008–2009 period). The follow-up analysis included 

participants with field-based follow-up data; subjects from the Island of Vis followed up in 

2011 (n=482, response rate 46.8%, mean follow-up of 7.5 years), subjects from the Town of 

Korčula who were initially included in 2007 and followed-up in 2013 (n=366; 37.8%; mean 

follow-up of 5.3 years), and subjects from the City of Split followed-up in 2012–2013 (n=494; 

48.8%, mean follow-up of 4.4 years).   

A wide range of adherence to MDSS components was present (from as low as 2.7% for 

nuts in subjects from Vis, and up to 97.4% adherence for cereals in the same group), with a 

rather low prevalence of adherence to the MD in the entire sample (28.5%). The lowest 

prevalence was recorded for subjects from the Island of Korčula (26.8%), followed by those 

from the City of Split (30.4%), and the Island of Vis (31.1%), although participants from the 

Island of Vis did not statistically differ from those from the City of Split. The median MDSS 

was the lowest in subjects from the Island of Korčula (11 out of 24 points; IQR 6), and it was 

slightly higher in both subjects from the City of Split and the Island of Vis (median 12; IQR 5) 

(Table 5).  

Less than half of all of the subjects were compliant with the daily requirement for 

vegetable intake (lowest on Korčula; 37.0%), while it was a little better for intake of fruit 

(lowest on Korčula; 52.8%), and olive oil (lowest on Vis; 57.9%). Only 22.3% of subjects from 

the Island of Korčula, 25.3% from the Island of Vis and 26.8% from the City of Split adhered 

to the daily dairy products consumption requirement, which was similar for wine (17.3%-

20.2%). Consistently, the best adherence was recorded for cereals and the lowest for nuts 

(Table 5).  
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Table 5.  Adherence to the Mediterranean diet (14 food components and the overall adherence 

expressed as MDSS≥14 points), according to the place of residence in a total sample of 4,671 subjects. 

 Place of residence  

 
Island of Vis 

n = 1,012 

Island of 

Korčula 

n = 2,651 

City of Split 

n = 1,008 
P-values 

Sex; n (%)    

0.011 (0.003VK, 0.168VS, 0.196KS) men 423 (41.8) 967 (36.5) 391 (38.8) 

women 589 (58.2) 1684 (63.5) 617 (61.2) 

Years of age;  

median (IQR) 
56.00 (24.00) 55.00 (23.25) 52.00 (21.00) <0.001 (<0.001VK,<0.001VS,<0.001KS) 

Education (years of 

schooling); median (IQR) 
11.00 (4.00) 12.00 (3.00) 12.00 (4.00) <0.001 (<0.001VK, <0.001VS, <0.001KS) 

Subjective material 

status; median (IQR) 
3.00 (0.00) 3.00 (1.00) 3.00 (1.00) <0.001 (<0.001VK, <0.001VS, <0.001KS) 

Objective material 

status; median (IQR) 
10.00 (5.00) 10.00 (3.00) 12.00 (3.00) <0.001 (<0.001VK, <0.001VS, <0.001KS) 

Body mass index 
(kg/m2); median (IQR) 

27.08 (6.05) 24.59 (5.94) 26.60 (5.63) <0.001 (<0.001VK, 0.024VS, <0.001KS) 

Chronic diseases*; n(%)     

none 542 (53.6) 1565 (59.0) 677 (67.2) 

<0.001 (0.011VK, <0.001VS, <0.001KS) 1 289 (28.6) 677 (25.5) 248 (24.6) 

≥2 181 (17.9) 409 (15.4) 83 (8.2) 

Smoking status; n (%)     

current smokers 288 (28.5) 741 (28.0) 266 (26.5) 

<0.001 (0.001VK, 0.105VS, 0.005KS) ex-smokers 303 (30.0) 584 (22.2) 275 (27.4) 

never-smokers 419 (41.5) 1306 (49.6) 464 (46.2) 

Physical activity; n (%)     

light 264 (26.2) 537 (20.5) 358 (35.6) 

<0.001 (<0.001VK, <0.001VS, <0.001KS) moderate 580 (57.5) 1815 (69.2) 610 (60.7) 

intensive 164 (16.3) 271 (10.3) 37 (3.7) 

MDSS; median (IQR) 12.00 (5.00) 11.00 (6.00) 12.00 (5.00) <0.001 (<0.001VK, 0.554VS, 0.001KS) 

MDSS≥14 points; n (%) 315 (31.1) 711 (26.8) 306 (30.4) 0.012 (0.009VK, 0.708VS, 0.033KS) 

MDSS components 

adherence; n (%) 
    

fruit 596 (58.9) 1399 (52.8) 636 (63.1) <0.001 (0.001VK, 0.053VS, <0.001KS) 

vegetables 439 (43.4) 980 (37.0) 418 (41.5) 0.001 (<0.001VK, 0.385VS, 0.012KS) 

cereals 986 (97.4) 2367 (89.3) 929 (92.2) <0.001 (<0.001VK, <0.001VS, 0.009KS) 

olive oil  586 (57.9) 1835 (69.2) 643 (63.8) <0.001 (<0.001VK, 0.007VS, 0.002KS) 

nuts 27 (2.7) 117 (4.4) 71 (7.0) <0.001 (0.015VK, <0.001VS, 0.001KS) 

dairy products 256 (25.3) 592 (22.3) 270 (26.8) 0.010 (0.057VK, 0.446VS, 0.005KS) 

potatoes 686 (67.8) 1774 (66.9) 823 (81.6) <0.001 (0.617VK, <0.001VS, <0.001KS) 

legumes 326 (32.2) 714 (26.9) 252 (25.0) 0.001 (0.002VK, <0.001VS, 0.236KS) 

eggs 297 (29.3) 662 (25.0) 246 (24.4) 0.013 (0.007VK, 0.012VS, 0.723KS) 

fish 838 (82.8) 1769 (66.7) 692 (68.7) <0.001 (<0.001VK, <0.001VS, 0.269KS) 

white meat 499 (49.3) 1077 (40.6) 381 (37.8) <0.001 (<0.001VK, <0.001VS, 0.118KS) 

red meat 261 (25.8) 700 (26.4) 248 (24.6) 0.537 (0.705VK, 0.539VS, 0.266KS) 

sweets 181 (17.9) 808 (30.5) 168 (16.7) <0.001 (<0.001VK, 0.469VS, <0.001KS) 

wine 204 (20.2) 459 (17.3) 177 (17.6) 0.124 (0.046VK, 0.136VS, 0.861KS) 

*chronic diseases included any or more than one of the following diagnoses: hypertension, diabetes, CHD, CVI, cancer, 
bipolar disorder, hyperlipidemia and gout. MDSS: Mediterranean Diet Serving Score. VK Pairwise comparison P-value: 
Vis vs. Korčula. VS Pairwise comparison P-value: Vis vs. Split. KS Pairwise comparison P-value: Korčula vs. Split. 
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Logistic regression analysis revealed several characteristics that were strongly 

associated with adherence to the MD in the entire sample (Table 6). 

 

Table 6. Characteristics associated with adherence to the Mediterranean diet (MDSS≥14 points) in 

the total sample (N=4,671), as determined by the logistic regression analysis. 

 MDSS≥14 points 

 
Adjusted odds ratio 

(95% confidence interval); P 

Sex (ref. men)  

woman  1.85 (1.58, 2.17); <0.001 

Age years (ref: 18.0-34.9)  

35.0-64.9  1.99 (1.54, 2.57); <0.001 

≥65.0  3.81 (2.83, 5.12); <0.001 

Place of residence (ref: Split)  

Vis 1.04 (0.84, 1.29); 0.696 

Korčula 1.63 (1.31, 2.02); <0.001 

Education (years of schooling, ref: elementary 0-8)  

high school (9-12) 0.93 (0.77, 1.14); 0.492 

higher (≥13) 1.19 (0.95, 1.5); 0.130 

Subjective material status (ref: worse than average)  

average 1.14 (0.91, 1.44); 0.258 

better than average 1.16 (0.89, 1.51); 0.267 

Objective material status (ref: 1st quartile)  

2nd quartile  1.38 (1.12, 1.70); 0.002 

3rd quartile  1.29 (1.04, 1.61); 0.020 

4th quartile  1.93 (1.53, 2.43); <0.001 

Chronic diseases* (ref: ≥2)  

1 0.93 (0.75, 1.17); 0.546 

none 0.93 (0.75, 1.16); 0.507 

Smoking status (ref: current smokers)  

ex-smokers 1.40 (1.14, 1.71); 0.001 

never-smokers 1.36 (1.13, 1.63); 0.001 

Physical activity (ref: light)  

moderate 1.44 (1.21, 1.70); <0.001 

intensive 1.50 (1.15, 1.97); 0.003 

Body mass index category (ref: 18.0-24.9)  

25.0-29.9 kg/m2 0.98 (0.83, 1.16); 0.834 

≥30.0 kg/m2 0.84 (0.68, 1.05); 0.123 

The economic crisis of 2007-2008 (ref: before)  

after 0.31 (0.25, 0.38); <0.001 
Adjusted odds ratios, 95% confidence intervals and P-values were calculated using a multivariate logistic 
regression model simultaneously adjusted for all the covariates listed in this table (enter method). 
*chronic diseases included any or more than one of the following diagnoses: hypertension, diabetes, CHD, 
CVI, cancer, bipolar disorder, hyperlipidemia and gout;  

 

Women presented higher odds of adherence compared to men (OR =1.85, 95% CI 1.58-

2.17, P <0.001), while the oldest age group had 3.81 fold higher odds of adherence compared 

to the youngest subjects (95% CI 2.83-5.12, P <0.001) (Table 6). In the fully adjusted model, 

subjects from the Island of Korčula presented higher odds of adherence compared to the 

subjects from the City of Split (OR =1.63, 95% CI 1.31-2.02, P <0.001). Education level and 

subjective material status were not associated with adherence to the MD in the adjusted model, 
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unlike objective material status. The wealthiest subjects, according to the objective material 

status (those in the fourth quartile of distribution) were almost twice as likely to be adherent to 

the MD, compared to subjects in the lowest quartile (OR =1.93, 95% CI 1.53-2.43, P <0.001). 

Subjects in the second and third quartile of objective material status also had greater odds of 

adhering to the MD. Subjects who never smoked and ex-smokers presented with higher odds 

of adherence to the MD, compared to current smokers (OR =1.36, 95% CI 1.13-1.63, P =0.001; 

OR =1.40, 95% CI 1.14-1.71, P =0.001, respectively). Subjects with higher levels of physical 

activity were also more likely to adhere to the MD. BMI and diagnosis of chronic diseases were 

not associated with adherence to the MD. The study period was statistically significantly 

associated with adherence to the MD, in a way that MD adherence was less likely in the period 

after the recession (OR =0.31, 95% CI 0.25-0.38, P <0.001) (Table 6). The fully adjusted 

regression model yielded a good data fit (Hosmer and Lemeshow P =0.304; Nagelkerke R2 

=0.100). 

Determinants of adherence to MD food components are shown in Table 7. Women were 

more likely to adhere to the recommended intake of fruit, vegetables, olive oil, nuts, diary, and 

red meat, but they were less likely to adhere to eggs and wine intake MD recommendations 

compared to men (women most commonly abstained from alcohol intake).  

Older subjects had higher odds of meeting the recommendations for fruit, vegetables, 

cereals, olive oil, nuts, fish, red meat, sweets, and wine intake, but lower odds for adherence to 

potatoes and eggs than the youngest group of subjects (Table 7).   

The highest level of education was associated with lesser adherence to the MD guidelines 

for intake of cereals, olive oil, legumes, fish, and white meat, in contrast to higher adherence 

to appropriate intake of dairy products, potatoes and red meat compared to the subjects with 

the lowest level of education (Table 7).  

Subjective material status was less associated with MD food components intake, unlike 

the objective material status that was presented as the most prominent socioeconomic indicator 

for the overall adherence to the MD and several food groups. Compared to subjects in the 

lowest quartile of objective material status, subjects belonging to higher quartiles presented 

with an increasing trend of compliance with fruit, vegetables, olive oil, and fish intake 

recommendations, but also with the decreasing compliance for the intake of red meat and 

sweets (Table 7).  
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Obese subjects (BMI 30≥kg/m2) were 34% more likely to adhere to recommendations for 

sweets, but also 30% less likely to adhere to recommendations for cereals intake, and 42% less 

adherent for nuts (Table 7). 

The study period after the recession was associated with 68% decreased odds for adherence 

to vegetable intake recommendations, 55% decreased odds for cereals adherence, 50% for fruit, 

49% for fish, 47% for legumes, 36% for dairy products, 31% for potatoes, and 29% decreased 

odds for adherence to olive oil intake. On the other hand, we recorded 39% increased odds for 

adherence to red meat, and 23% increased adherence to sweets intake recommendations after 

the recession (Table 7). 
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Table 7. Characteristics associated with compliance to the 14 MDSS food components, as determined by the multivariate logistic regression analysis (N = 4,671). 

 

Fruit 

aOR (95% 

CI); P 

Vegetables 

aOR (95% 

CI); P 

Cereals 

aOR (95% 

CI); P 

Olive oil 

aOR (95% 

CI); P 

Nuts 

aOR (95% 

CI); P 

Dairy 

aOR (95% 

CI); P 

Potatoes 

aOR (95% 

CI); P 

Legumes 

aOR (95% 

CI); P 

Eggs  

aOR (95% 

CI); P 

Fish 

aOR (95% 

CI); P 

White 

meat aOR 

(95% CI); 

P 

Red meat 

aOR (95% 

CI); P 

Sweets 

aOR (95% 

CI); P 

Wine  

aOR (95% 

CI); P 

Sex (ref. man)               

woman  
2.42 (2.10, 

2.78);<0.001 

1.91 (1.55, 

2.06);<0.001 

0.82 (0.64, 

1.05);0.110 

1.22 (1.06, 

1.40);0.007 

1.97 (1.40, 

2.78);<0.001 

1.59 (1.35, 

1.86);<0.001 

0.97 (0.83, 

1.12);0.652 

1.13 (0.98, 

1.31);0.102 

0.82 (0.71, 

0.95);0.009 

1.08 (0.93, 

1.26);0.286 

1.04 (0.91, 

1.19);0.520 

1.96 (1.67, 

2.30);<0.001 

1.00 (0.85, 

1.17);0.981 

0.39 (0.33, 

0.46);<0.001 

Age (years, ref: 18.0-

34.9) 
              

35.0-64.9  
1.61 (1.32, 

1.96);<0.001 

1.56 (1.27, 

1.93);<0.001 

1.44 (1.06, 

1.96);0.020 

1.43 (1.18, 

1.73);<0.001 

1.35 (0.82, 

2.20); 0.235 

0.98 (0.78, 

1.21); 0.823 

0.58 (0.46, 

0.73);<0.001 

1.01 (0.82, 

1.26);0.901 

0.84 (0.69, 

1.03); 0.091 

1.32 (1.08, 

1.61); 0.006 

1.01 (0.84, 

1.22);0.923 

1.23 (0.98, 

1.56); 0.075 

1.90 (1.45, 

2.49);<0.001 

1.69 (1.29, 

2.22);<0.001 

≥65.0  
2.83 (2.21, 

3.62);<0.001 

2.33 (1.81, 

3.00);<0.001 

1.40 (0.94, 

2.09);0.101 

2.40 (1.87, 

3.07);<0.001 

1.92 (1.09, 

3.40); 0.024 

1.24 (0.95, 

1.63); 0.117 

0.75 (0.59, 

0.95);0.018 

1.29 (0.99, 

1.67);0.055 

0.63 (0.48, 

0.81);<0.001 

2.01 (1.55, 

2.60);<0.001 

0.90 (0.71, 

1.14);0.370 

1.58 (1.20, 

2.09); 0.001 

2.42 (1.78, 

3.29);<0.001 

2.41 (1.76, 

3.31);<0.001 

Place of residence 
(ref: Split) 

              

Vis 
0.84 (0.68, 

1.02); 0.083 

1.08 (0.89, 

1.32); 0.419 

2.76 (1.72, 

4.41);<0.001 

0.70 (0.58, 

0.86); 0.001 

0.46 (0.28, 

0.75); 0.002 

1.13 (0.91, 

1.41); 0.254 

0.64 (0.51, 

0.80);<0.001 

1.22 (0.99, 

1.51); 0.068 

1.40 (1.13, 

1.74); 0.002 

2.16 (1.72, 

2.71);<0.001 

1.40 (1.16, 

1.70);0.001 

1.03 (0.82, 

1.29); 0.804 

0.83 (0.64, 

1.07); 0.144 

1.27 (0.99, 

1.63); 0.057 

Korčula 
0.98 (0.79, 

1.22); 0.849 

1.63 (1.33, 

2.00);<0.001 

1.10 (0.74, 

1.64); 0.629 

1.53 (1.22, 

1.91);<0.001 

0.67 (0.43, 

1.04); 0.072 

1.14 (0.91, 

1.43); 0.258 

0.58 (0.48, 

0.70);<0.001 

1.54 (1.24, 

1.92);<0.001 

0.98 (0.78, 

1.24); 0.880 

1.44 (1.14, 

1.81); 0.002 

1.08 (0.88, 

1.32);0.457 

0.89 (0.70, 

1.12); 0.319 

1.82 (1.42, 

2.34);<0.001 

1.08 (0.83, 

1.40); 0.561 

Education (ref: 0-8)               

high school (9-12) 
1.17 (0.98, 

1.41); 0.085 

1.06 (0.89, 

1.27); 0.521 

0.74 (0.53, 

1.04); 0.081 

0.66 (0.54, 

0.79);<0.001 

1.07 (0.69, 

1.66); 0.760 

1.07 (0.87, 

1.31); 0.535 

1.43 (1.19, 

1.71);<0.001 

0.72 (0.60, 

0.87); 0.001 

1.04 (0.86, 

1.27); 0.675 

0.77 (0.63, 

0.94); 0.011 

0.76 (0.64, 

0.90);0.002 

1.14 (0.94, 

1.40); 0.188 

1.05 (0.86, 

1.28); 0.653 

1.12 (0.89, 

1.41); 0.324 

higher (13+) 
1.20 (0.97, 

1.49); 0.092 

1.16 (0.94, 

1.44); 0.171 

0.60 (0.41, 

0.88); 0.010 

0.69 (0.55, 

0.86); 0.001 

1.61 (1.00, 

2.59); 0.051 

1.32 (1.04, 

1.67); 0.022 

2.41 (1.92, 

3.03);<0.001 

0.80 (0.64, 

0.99); 0.045 

0.92 (0.73, 

1.16); 0.487 

0.78 (0.62, 

0.99); 0.040 

0.73 (0.59, 

0.89);0.002 

1.89 (1.50, 

2.38);<0.001 

1.01 (0.79, 

1.28); 0.943 

1.25 (0.96, 

1.62); 0.101 

Subjective 

material status (ref: 

worse than average) 

              

average 
1.23 (1.00, 

1.51); 0.050 

1.01 (0.83, 

1.25); 0.894 

0.88 (0.60, 

1.28); 0.500 

1.17 (0.95, 

1.43); 0.135 

1.22 (0.71, 

2.10); 0.470 

1.09 (0.86, 

1.38); 0.461 

1.05 (0.85, 

1.30); 0.633 

1.04 (0.84, 

1.30); 0.690 

0.74 (0.59, 

0.91); 0.005 

1.07 (0.86, 

1.34); 0.517 

1.02 (0.84, 

1.25);0.812 

0.81 (0.66, 

1.01); 0.059 

0.89 (0.72, 

1.12); 0.324 

1.19 (0.91, 

1.56); 0.209 

better than average 
1.20 (0.95, 

1.52); 0.126 

1.02 (0.81, 

1.29); 0.853 

0.82 (0.54, 

1.25); 0.364 

1.27 (1.01, 

1.61); 0.045 

1.75 (0.98, 

3.12); 0.058 

1.10 (0.84, 

1.43); 0.499 

1.22 (0.96, 

1.56); 0.106 

1.02 (0.80, 

1.31); 0.861 

0.76 (0.59, 

0.97); 0.029 

1.12 (0.87, 

1.44); 0.369 

0.98 (0.78, 

1.22);0.845 

0.68 (0.53, 

0.87); 0.002 

0.90 (0.69, 

1.16); 0.402 

1.12 (0.83, 

1.52); 0.459 

Objective material 

status (ref: 1st quartile) 
              

2nd quartile  
1.24 (1.03, 

1.50); 0.025 

1.20 (0.99, 

1.45); 0.057 

1.39 (1.00, 

1.91); 0.048 

1.35 (1.12, 

1.63); 0.002 

1.21 (0.78, 

1.87); 0.387 

1.11 (0.89, 

1.37); 0.349 

0.87 (0.71, 

1.06); 0.158 

1.18 (0.97, 

1.43); 0.103 

1.08 (0.88, 

1.33); 0.445 

1.43 (1.17, 

1.74);<0.001 

1.00 (0.84, 

1.20);0.967 

0.73 (0.60, 

0.89); 0.002 

0.75 (0.62, 

0.92); 0.007 

0.99 (0.78, 

1.26); 0.938 

3rd quartile  
1.28 (1.06, 

1.56); 0.011 

1.36 (1.12, 

1.65); 0.002 

1.31 (0.95, 

1.81); 0.102 

1.49 (1.23, 

1.81);<0.001 

0.74 (0.46, 

1.19); 0.216 

1.11 (0.89, 

1.37); 0.349 

0.73 (0.60, 

0.89); 0.002 

1.15 (0.94, 

1.40); 0.187 

1.14 (0.92, 

1.4); 0.232 

1.72 (1.41, 

2.11);<0.001 

0.92 (0.77, 

1.10);0.367 

0.65 (0.53, 

0.80);<0.001 

0.63 (0.51, 

0.78);<0.001 

1.04 (0.81, 

1.32); 0.778 

4th quartile  
1.57 (1.27, 

1.94);<0.001 

1.66 (1.34, 

2.05);<0.001 

1.30 (0.92, 

1.84); 0.140 

2.27 (1.83, 

2.83);<0.001 

1.35 (0.86, 

2.14); 0.195 

1.32 (1.05, 

1.67); 0.019 

0.80 (0.64, 

1.00); 0.050 

1.04 (0.83, 

1.30); 0.737 

1.18 (0.94, 

1.48); 0.160 

2.23 (1.78, 

2.79);<0.001 

0.93 (0.76, 

1.13);0.460 

0.62 (0.50, 

0.78);<0.001 

0.70 (0.55, 

0.88); 0.003 

1.29 (1.00, 

1.67); 0.054 
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Fruit 

aOR (95% 

CI); P 

Vegetables 

aOR (95% 

CI); P 

Cereals 

aOR (95% 

CI); P 

Olive oil 

aOR (95% 

CI); P 

Nuts 

aOR (95% 

CI); P 

Dairy 

aOR (95% 

CI); P 

Potatoes 

aOR (95% 

CI); P 

Legumes 

aOR (95% 

CI); P 

Eggs  

aOR (95% 

CI); P 

Fish 

aOR (95% 

CI); P 

White 

meat aOR 

(95% CI); 

P 

Red meat 

aOR (95% 

CI); P 

Sweets 

aOR (95% 

CI); P 

Wine  

aOR (95% 

CI); P 

Chronic diseases* 

(ref: ≥2) 
              

1 
0.92 (0.74, 

1.14); 0.465 

0.94 (0.76, 

1.15); 0.529 

1.50 (1.04, 

2.17); 0.030 

0.99 (0.79, 

1.24); 0.923 

1.25 (0.77, 

2.05); 0.370 

0.94 (0.74, 

1.20); 0.622 

0.94 (0.76, 

1.17); 0.573 

1.05 (0.84, 

1.31); 0.681 

1.06 (0.84, 

1.35); 0.619 

1.10 (0.87, 

1.38); 0.436 

1.00 (0.81, 

1.22);0.964 

0.97 (0.78, 

1.21); 0.782 

0.70 (0.56, 

0.86); 0.001 

1.21 (0.94, 

1.58); 0.144 

none 
0.86 (0.70, 

1.06); 0.156 

0.91 (0.74, 

1.11); 0.341 

1.33 (0.94, 

1.90); 0.111 

0.88 (0.71, 

1.09); 0.241 

1.13 (0.69, 

1.85); 0.614 

1.13 (0.90, 

1.43); 0.303 

1.10 (0.89, 

1.36); 0.380 

1.09 (0.87, 

1.35); 0.462 

1.24 (0.98, 

1.57); 0.073 

1.06 (0.84, 

1.33); 0.641 

0.96 (0.79, 

1.17);0.700 

0.73 (0.59, 

0.92); 0.006 

0.53 (0.43, 

0.66);<0.001 

1.29 (1.00, 

1.66); 0.052 

Smoking status 
(ref:  current smokers) 

              

ex-smokers 
1.87 (1.56, 

2.24);<0.001 

1.04 (0.87, 

1.25); 0.650 

1.12 (0.82, 

1.54); 0.475 

1.26 (1.05, 

1.51); 0.014 

1.52 (0.98, 

2.37); 0.062 

1.02 (0.83, 

1.25); 0.878 

1.09 (0.89, 

1.32); 0.402 

1.01 (0.83, 

1.22); 0.943 

0.85 (0.70, 

1.03); 0.096 

1.29 (1.06, 

1.58); 0.010 

0.94 (0.79, 

1.12);0.519 

1.22 (0.99, 

1.50); 0.060 

1.05 (0.86, 

1.29); 0.635 

1.18 (0.94, 

1.47); 0.145 

never-smokers 
2.03 (1.73, 

2.37);<0.001 

1.01 (0.86, 

1.18); 0.940 

1.22 (0.94, 

1.60); 0.137 

1.12 (0.96, 

1.31); 0.154 

1.58 (1.07, 

2.32); 0.021 

1.09 (0.92, 

1.30); 0.326 

0.93 (0.78, 

1.10); 0.378 

0.98 (0.83, 

1.16); 0.826 

1.02 (0.86, 

1.21); 0.803 

1.05 (0.89, 

1.23); 0.598 

0.92 (0.79, 

1.07);0.293 

1.22 (1.02, 

1.46); 0.026 

0.84 (0.70, 

1.01); 0.064 

1.05 (0.86, 

1.29); 0.636 

Physical activity 

(ref:  light) 
              

moderate 
1.24 (1.07, 

1.45); 0.005 

1.43 (1.22, 

1.67);<0.001 

0.83 (0.63, 

1.08); 0.169 

1.29 (1.11, 

1.50); 0.001 

1.12 (0.79, 

1.57); 0.524 

0.98 (0.83, 

1.16); 0.840 

0.88 (0.75, 

1.04); 0.140 

1.50 (1.26, 

1.77);<0.001 

1.13 (0.96, 

1.34); 0.152 

1.33 (1.14, 

1.56);<0.001 

0.94 (0.81, 

1.09);0.395 

0.99 (0.84, 

1.16); 0.873 

1.17 (0.98, 

1.39); 0.085 

0.93 (0.77, 

1.13); 0.471 

intensive 
1.24 (0.97, 

1.59); 0.081 

1.75 (1.37, 

2.23);<0.001 

1.38 (0.83, 

2.30); 0.220 

1.48 (1.15, 

1.90); 0.002 

1.06 (0.58, 

1.96); 0.842 

0.84 (0.63, 

1.12); 0.228 

0.58 (0.45, 

0.74);<0.001 

1.61 (1.25, 

2.08);<0.001 

1.08 (0.83, 

1.40); 0.570 

1.87 (1.42, 

2.48);<0.001 

1.08 (0.86, 

1.36);0.521 

0.70 (0.52, 

0.93); 0.014 

1.04 (0.79, 

1.38); 0.775 

0.72 (0.53, 

0.98); 0.036 

Body mass index 

category  (ref:18.0-

24.9)  

              

25.0-29.9 
0.99 (0.85, 

1.15); 0.850 

0.99 (0.85, 

1.15); 0.891 

0.82 (0.63, 

1.07); 0.147 

0.94 (0.81, 

1.10); 0.465 

0.92 (0.66, 

1.28); 0.629 

0.92 (0.78, 

1.09); 0.350 

1.16 (0.99, 

1.36); 0.076 

1.03 (0.88, 

1.21); 0.717 

1.00 (0.85, 

1.18); 0.990 

1.09 (0.93, 

1.28); 0.291 

1.07 (0.93, 

1.24);0.339 

1.04 (0.88, 

1.23); 0.630 

1.19 (1.00, 

1.41); 0.049 

0.89 (0.74, 

1.07); 0.214 

≥30.0 
0.97 (0.80, 

1.18); 0.780 

0.97 (0.80, 

1.18); 0.748 

0.70 (0.51, 

0.98); 0.037 

0.85 (0.70, 

1.04); 0.108 

0.58 (0.36, 

0.93); 0.025 

0.99 (0.80, 

1.23); 0.961 

1.21 (0.98, 

1.48); 0.070 

1.17 (0.95, 

1.43); 0.139 

0.89 (0.72, 

1.10); 0.264 

0.97 (0.79, 

1.19); 0.767 

0.91 (0.76, 

1.10);0.328 

0.84 (0.67, 

1.04); 0.102 

1.34 (1.08, 

1.66); 0.009 

0.80 (0.63, 

1.02); 0.071 

The economic 

crisis of 2007-2008 
(ref: before) 

              

after 
0.50 (0.41, 

0.60);<0.001 

0.32 (0.27, 

0.39);<0.001 

0.45 (0.32, 

0.63);<0.001 

0.71 (0.58, 

0.86); 0.001 

1.04 (0.68, 

1.57); 0.864 

0.64 (0.52, 

0.78);<0.001 

0.69 (0.57, 

0.83);<0.001 

0.53 (0.44, 

0.64);<0.001 

1.10 (0.89, 

1.35); 0.371 

0.51 (0.42, 

0.63);<0.001 

0.93 (0.77, 

1.11);0.397 

1.39 (1.13, 

1.71); 0.002 

1.23 (1.01, 

1.50); 0.043 

0.97 (0.77, 

1.22); 0.796 

aOR—Adjusted odds ratios; 95% CI—95% confidence intervals; calculated using multivariate logistic regression model simultaneously adjusted for all the covariates listed in this table.  

MDSS: Mediterranean Diet Serving Score. 

* chronic diseases included any or more than one of the following diagnoses: hypertension, diabetes, CHD, CVI, cancer, bipolar disorder, hyperlipidemia and gout;  
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The overall change in adherence to the MD of subjects included in the follow-up was 

insignificant, with a borderline insignificant decrease in the adherence to the MD (by 8.5%; 

from 36.6% of adherent subjects at study baseline to 33.5% in the follow-up; P =0.056) (Table 

8).  Furthermore, the highest overall increase in adherence was recorded for nuts (127.5%), and 

sweets (112.6%) (denoting reduced intake), followed by red meat (56.4%) (also denoting 

reduced intake), and wine (50.0%). On the other hand, the most significant decrease in 

adherence was recorded for vegetables (−35.1%), followed by fish (−23.4%), white meat 

(−11.6%), cereals (−10.9%), and dairy products (−9.6%). At the same time, the average BMI 

had increased by 6,5%, from 25.76 kg/m2 at the baseline of the study to 27.44 kg/m2 at the 

follow-up period (P<0.001) (Table 8). 

 

Table 8. Adherence to the Mediterranean Diet (14 food components and the overall adherence 

expressed as MDSS≥14 points) at baseline and at the follow-up (N=1,342; 366 subjects from Korčula, 

494 from Split, and 482 subjects from Vis). 

 
Baseline 

n=1,342 
Follow up 

n= 1,342 
Percent 

change (%) 
P 

Sex; n (%)     

men 503 (37.5) 
   

women 839 (62.5) 

Years of age; median (IQR) 55.00 (18.00) 62.01 (16.96)   

Body mass index (kg/m2); 

median (IQR) 
25.76 (5.74) 27.44 (5.06) 6.5 <0.001 

MDSS ≥14 points; n (%) 491 (36.6) 449 (33.5) −8.5 0.056 

MDSS components 

adherence; n (%) 
    

fruit 868 (64.7) 848 (63.2) −2.3 0.341 

vegetables 643 (47.9) 417 (31.1) −35.1 <0.001 

cereals 1277 (95.2) 1138 (84.8) −10.9 <0.001 

potatoes 985 (73.4) 1183 (88.2) 20.2 <0.001 

olive oil  893 (66.5) 927 (69.1) 3.9 0.112 

nuts 68 (5.1) 156 (11.6) 127.5 <0.001 

dairy products 356 (26.5) 309 (23.0) −9.6 0.030 

legumes 400 (29.8) 457 (34.1) 14.4 0.011 

eggs 339 (25.3) 405 (30.2) 19.4 0.002 

fish 1036 (77.2) 793 (59.1) −23.4 <0.001 

white meat 556 (41.4) 487 (36.3) −11.6 0.005 

red meat 347 (25.9) 544 (40.5) 56.4 <0.001 

sweets 276 (20.6) 588 (43.8) 112.6 <0.001 

wine 268 (20.0) 403 (30.0) 50.0 <0.001 
 MDSS: Mediterranean Diet Serving Score. 
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Table 9. Characteristics associated with the absolute change in the Mediterranean Diet Serving Score 

and the BMI across the follow-up period, as determined by the linear regression model (sample size is 

1,342 subjects; all independent variables were included in the model simultaneously). 

 

MDSS change during 

follow-up 

Beta (95% CI); P 

BMI change during  

follow-up 

Beta (95% CI); P 

Sex (ref. men)   

women  0.41 (0.00, 0.83); 0.049 0.33 (0.06, 0.60); 0.016 

Age at baseline (years)  0.05 (0.03, 0.06); <0.001 0.01 (−0.02, 0.00); 0.192 

Follow up time (years)  0.03 (−0.09, 0.16); 0.571 0.07 (−0.15, 0.01); 0.099 

Place of residence (ref: 

Split) 
  

Vis  0.28 (−0.75, 1.32); 0.590 0.86 (0.18, 1.54); 0.013 

Korčula  0.00 (−0.81, 0.81); 0.992 3.68 (3.15, 4.21); <0.001 

Education (ref: 0-8)   

high school (9-12) −0.11 (−0.67, 0.46); 0.708 −0.05 (−0.42, 0.32); 0.799 

higher (13+) 0.71 (0.07, 1.36); 0.031 0.06 (−0.36, 0.48); 0.769 

Subjective material status 
(ref: worse than average) 

  

average 0.05 (−0.59, 0.69); 0.872 0.15 (−0.26, 0.57); 0.468 

better than average −0.01 (−0.72, 0.71); 0.982 0.11 (−0.36, 0.57); 0.655 

Objective material status 
(ref: 1st quartile) 

  

2nd quartile   −0.14 (−0.71, 0.43); 0.637 0.07 (−0.30, 0.44); 0.724 

3rd quartile   0.02 (0.56, 0.59); 0.955 0.06 (−0.31, 0.44); 0.733 

4th quartile −0.06 (−0.68, 0.56); 0.859 0.02 (−0.38, 0.42); 0.921 

Chronic diseases* (ref: ≥2)   

1 −0.23 (−0.91, 0.44); 0.497 0.24 (−0.19, 0.68); 0.276 

none −0.02 (−0.68, 0.64); 0.946 0.26 (−0.17, 0.69); 0.240 

Smoking (ref: current 

smokers) 
  

ex-smokers −0.20 (−0.74, 0.34); 0.468 −0.07 (−0.42, 0.28); 0.707 

never-smokers   0.12 (−0.38, 0.62); 0.632 0.02 (−0.31, 0.34); 0.909 

Physical activity (ref: light)   

moderate 0.72 (0.27, 1.16); 0.002 −0.02 (−0.31, 0.27); 0.887 

intensive   0.69 (−0.02, 1.40); 0.057 0.23 (0.24, 0.70); 0.331 

BMI at baseline (kg/m2) −0.03 (−0.09, 0.02); 0.188 −0.11 (−0.14, −0.07); <0.001 

MDSS at baseline    −0.64 (−0.70, −0.58); <0.001 −0.07 (−0.12, −0.03); 0.001 

MDSS change during 

follow-up 
 −0.04 (−0.07, 0.00); 0.041 

*chronic diseases included any or more than one of the following diagnoses: hypertension, diabetes, CHD, 
CVI, cancer, bipolar disorder, hyperlipidemia and gout. MDSS: Mediterranean Diet Serving Score. BMI: 
body mass index. 

 

 Linear regression analysis revealed several variables significantly associated with the 

MDSS change during the follow-up period (Table 9). MDSS change was positively associated 

with female gender (β =0.41; 95% CI 0.00 – 0.83; P =0.049), age (β =0.05; 95% CI 0.03 – 

0.06); P <0.001), highest level of education (β=0.71; 95% CI 0.07 – 1.36; P =0.031), and with 

moderate physical activity (β =0.72; 95% CI 0.27 – 1.16; P =0.002). MDSS at baseline 

displayed a negative association with the MDSS change (β =−0.64; 95% CI −0.70 – −0.58; P 
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<0.001), while BMI at baseline, smoking, chronic diseases, place of residence, objective and 

subjective material status were not associated with the absolute change in the MDSS (Table 9). 

The regression model yielded good data fit (Durbin Watson = 1.994; Adjusted R2 = 0.280). 

BMI change during the follow-up period was significantly associated with female gender, 

place of residence, BMI at baseline, MDSS at baseline and MDSS absolute change (Table 4). 

Women demonstrated positive association with BMI change compared to men (β =0.33; 95% 

CI 0.06 – 0.60; P =0.016), as well as the subjects from the Island of Vis and Korčula compared 

to subjects from the City of Split (β =0.86; 95% CI 0.18 – 1.54; P =0.013, and β =3.68; 95% 

CI 3.15 – 4.21; P <0.001, respectively). BMI at baseline, MDSS at baseline, and MDSS change 

during the follow-up were all significantly negatively associated with the BMI change 

(β=−0.11; 95% CI −0.14 – −0.07; P <0.001, β=−0.07; 95% CI −0.12 – −0.03; P =0.001, 

β=−0.04; 95% CI −0.07 – 0.00; P =0.041, respectively), while none of the socioeconomic 

characteristics were associated with absolute BMI change (Table 9). The regression model 

yielded good data fit (Durbin Watson =1.972; Adjusted R2 =0.354). 
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2.3.3 Paper “Nut Consumption and Cardiovascular Risk Factors: A Cross-Sectional Study 

in a Mediterranean Population.”   

 

After excluding participants due to missing values for at least one of the important 

characteristics needed in the analysis (anthropometric measurements, biochemistry, medical 

history, or nut consumption), a total of N= 4,416 subjects were included in the analysis. 

Therefore, the analysis included subjects from three Dalmatian settlements: the Island of Vis 

(n= 992), the Island of Korčula (n= 2,435), and the City of Split (n= 989) (Table 10).  

Additionally, 405 subjects reported a previous diagnosis of either coronary heart disease 

or cerebrovascular insult and were excluded from all the multivariate analyses of the 

association of nut consumption with different cardiovascular risk factors, to test the hypothesis 

only in subjects at risk of cardiovascular disease.  

Daily nut consumption was reported in only 212 subjects (4.8%): 7.1% of subjects from 

Split, 4.7% in subjects from Korčula, while only 2.7% of subjects from the Island of Vis 

consumed nuts daily. Overall, adherence to the Mediterranean diet was reported in 1,274 

subjects (28.8%), ranging from 27.4% for subjects from the Island of Korčula to 30.8% for the 

participants from the Island of Vis (Table 10). 

Overweight, obesity and some chronic diseases were highly prevalent, with as many as 

405 subjects (9.2%) who reported having CVD in their medical history, and some of them 

reported having both CHD and CVI (Table 10).  

A high prevalence of metabolic syndrome was observed (as high as 60.9% in Vis), 

followed by hypertension (ranging from 23.9% in Split to 30.8% in Korčula), while obesity 

was also most common in Vis (26.2%) (Table 10). 
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Table 10. Demographic characteristics, the prevalence of chronic diseases, lifestyle characteristics, 

compliance to the Mediterranean diet (MDSS ≥ 14), and nut consumption frequency according to the 

place of residence in a total sample of N=4,416 subjects. 

 Place of residence  

 
Island of 

Vis  

n = 992 

Island of 

Korčula  

n = 2,435 

City of 

Split  

n = 989 
P-values 

Sex; n (%)    

0.050 (0.014VK, 0.158VS, 0.451KS) men 414 (41.7) 907 (37.2) 382 (38.6) 

women 578 (58.3) 1528 (62.8) 607 (61.4) 

Age years; median (IQR) 56.0 (23.0) 55.0 (23.0) 52.0 (21.0) <0.001 (<0.001VK,<0.001VS,<0.001KS) 

Education (years of 

schooling); median (IQR) 
11.0 (4.0) 12.0 (3.0) 12.0 (4.0) <0.001 (<0.001VK,<0.001VS,<0.001KS) 

Material status; median 

(IQR) 
10.0 (5.0) 10.0 (3.0) 12.0 (3.0) <0.001 (<0.001VK,<0.001VS,<0.001KS) 

BMI (kg/m2); n (%)    

<0.001(<0.001VK, 0.027VS,<0.001KS) 
<25.0  301 (30.3) 1287 (52.9) 345 (34.9) 

25.0–29.9  431 (43.4) 830 (34.1) 429 (43.4) 

≥30.0  260 (26.2) 318 (13.1) 215 (21.7) 

CVD; n (%) 139 (14.0) 214 (8.79) 52 (5.3) <0.001 (<0.001VK,<0.001VS,<0.001KS) 

CHD; n (%) 117 (11.8) 184 (7.6) 40 (4.0) <0.001 (<0.001VK,<0.001VS,<0.001KS) 

CVI; n (%) 30 (3.0) 50 (2.1) 15 (1.5)   0.061 (0.088VK, 0.024VS, 0.297KS) 

Diabetes; n (%) 65 (6.6) 174 (7.1) 42 (4.2)   0.007 (0.536 VK, 0.023 VS, 0.002 KS) 

Hypertension; n (%) 294 (29.6) 750 (30.8) 236 (23.9) <0.001 (0.502VK, 0.004VS, <0.001KS) 

Metabolic syndrome;  
n (%) 

604 (60.9) 1048 (45.3) 353 (35.7) <0.001 (<0.001VK,<0.001VS,<0.001KS) 

Gout; n (%) 63 (6.4) 157 (6.5) 28 (2.8) <0.001 (0.912VK, <0.001VS, <0.001KS) 

Smoking; n (%)    

<0.001 (<0.001VK, 0.072VS, 0.015KS) 
current smoker 283 (28.5) 662 (27.2) 262 (26.5) 

ex-smoker 300 (30.2) 551 (22.6) 269 (27.2) 

never-smoker 409 (41.2) 1222 (50.2) 458 (46.3) 

Alcohol intake; n (%)    

<0.001 (<0.001VK,0.255VS,<0.001KS) 
excessive 150 (15.1) 484 (19.9) 130 (13.1) 

moderate 435 (43.9) 1137 (46.7) 466 (47.1) 

none 407 (41.0) 814 (33.4) 393 (39.7) 

Physical activity; n (%)    
<0.001 (<0.001VK,<0.001VS,<0.001KS) 

light 257 (25.9) 481 (19.8) 351 (35.5) 

moderate 574 (57.9) 1698 (69.7) 603 (61.0) 
 

intensive 161 (16.2) 256 (10.5) 35 (3.5) 

MDSS ≥ 14 points; n (%) 306 (30.8) 668 (27.4) 300 (30.3) 0.068 (0.045VK, 0.804VS, 0.088KS) 

Nut consumption; n (%)    

<0.001 (<0.001VK,<0.001VS,<0.001KS) 

infrequently or never 785 (79.1) 1162 (47.7) 494 (49.9) 

monthly 132 (13.3) 880 (36.1) 264 (26.7) 

weekly 48 (4.8) 278 (11.4) 161 (16.3) 

daily 27 (2.7) 115 (4.7) 70 (7.1) 
BMI: body mass index. CVD: cardiovascular disease. CHD: coronary heart disease. CVI: cerebrovascular insult. 
MDSS: Mediterranean Diet Serving Score.  
VK Pairwise comparison P-value: Vis vs. Korčula.  
VS Pairwise comparison P-value: Vis vs. Split.  
KS Pairwise comparison P-value: Korčula vs. Split. 
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Among investigated biochemical parameters, nut consumption was associated with HDL 

cholesterol, fibrinogen, total cholesterol, and LDL cholesterol, while adherence to the 

Mediterranean diet was associated only with fibrinogen levels (Table 11).  

Subjects who consumed nuts monthly had lower odds for a decreased level of HDL 

cholesterol compared to non-consumers (OR =0.75, 95% CI 0.62–0.92; P =0.005), while 

subjects who consumed nuts weekly and daily also had the same result, but the difference did 

not reach statistical significance in pairwise comparisons, even though the overall P-value 

indicated a significant result (P =0.026, Table 11).  

On the other hand, only subjects who consumed nuts weekly had increased odds for the 

concomitant presence of increased total cholesterol and LDL cholesterol, but without overall 

significance (OR =1.35, 95% CI 1.02–1.79; P =0.037 and OR = 1.46, 95% CI 1.11–1.94; P 

=0.008, respectively; Table 11).  

Subjects who consumed nuts had lower odds of having an elevated fibrinogen level (OR 

=0.66, 95% CI 0.56–0.79; P <0.001 in monthly consumers, OR =0.65, 95% CI 0.52–0.83; 

P<0.001 in weekly consumers), while for daily consumers the result was just above the 

significance threshold limit, Table 11). 

Interestingly, only one significant result for the association between biochemical 

parameters with the adherence to the Mediterranean diet was obtained: participants who did 

not adhere to the Mediterranean diet had lower odds for the elevated fibrinogen (OR= 0.78, 

95% CI 0.66–0.91; P =0.002; Table 11). 

 There was no significant association between nut intake and adherence to the 

Mediterranean diet with triglycerides, so the corresponding regression data are not presented 

here. 
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Table 11. Characteristics associated with cholesterol, LDL, HDL, and fibrinogen as determined by the multivariate logistic regression analyses (sample size 

is 4,011 subjects without previous cardiovascular disease CVD diagnosis; all independent variables included in the model are listed in the table). 

 
Cholesterol  

(≥5 mmol/L)  
aOR (95% CI); P 

LDL  

(≥3 mmol/L)  
aOR (95% CI); P 

HDL  

(≤1.03 mmol/L♂, ≤1.29 

mmol/L♀)  
aOR (95% CI); P 

Fibrinogen  

(ref: ≥4.0 g/L) 

 aOR (95% CI); P  

 

Sex (ref: women)     

men 0.86 (0.71–1.04); 0.128 0.92 (0.76–1.11); 0.364 0.78 (0.63–0.96); 0.020 0.75 (0.63–0.89); 0.001 

Age (years, ref: 18.0–34.9)     

35.0–64.9 4.56 (3.67–5.66); <0.001 3.67 (2.96–4.55); <0.001 0.54 (0.42–0.70); <0.001 1.46 (1.16–1.84); 0.001 

≥65.0  4.88 (3.59–6.64); <0.001 4.40 (3.26–5.94); <0.001 0.45 (0.32–0.63); <0.001 1.86 (1.39–2.48); <0.001 

Place of residence (ref: Split)     

Vis 0.97 (0.75–1.26); 0.837 0.71 (0.55–0.91); 0.007 0.10 (0.07–0.14); <0.001 0.51 (0.41–0.63); <0.001 

Korčula 0.91 (0.74–1.12); 0.369 0.89 (0.72–1.09); 0.265 0.44 (0.36–0.54); <0.001 0.31 (0.26–0.37); <0.001 

Education (years of schooling, ref: 

≥13) 
    

0–8 1.00 (0.76–1.32); 0.995 0.89 (0.68–1.16); 0.395 1.00 (0.74–1.34); 0.989 1.25 (0.98–1.58); 0.069 

9–12 1.09 (0.89–1.33); 0.388 1.12 (0.92–1.36); 0.259 1.08 (0.87–1.33); 0.482 1.25 (1.05–1.50); 0.014 

Material status (ref: 4th quartile)     

1st quartile 1.17 (0.90–1.52); 0.244 1.07 (0.83–1.37); 0.625 0.85 (0.64–1.12); 0.246 0.80 (0.64–1.00); 0.054 

2nd quartile 0.98 (0.77–1.24); 0.842 0.98 (0.77–1.23); 0.843 1.02 (0.80–1.31); 0.873 0.73 (0.60–0.90); 0.003 

3rd quartile 1.06 (0.84–1.33); 0.649 1.08 (0.86–1.36); 0.506 1.29 (1.02–1.63); 0.034 0.80 (0.65–0.97); 0.025 

Smoking (ref: never-smoker)     

current- smoker 1.13 (0.93–1.38); 0.215 1.15 (0.95–1.40); 0.158 1.63 (1.32–2.00); <0.001 1.11 (0.93–1.32); 0.244 

ex-smoker 1.15 (0.93–1.43); 0.203 1.07 (0.87–1.32); 0.505 1.07 (0.85–1.34); 0.562 1.03 (0.86–1.23); 0.746 

Alcohol intake (ref: none)     

excessive 1.38 (1.05–1.82); 0.022 1.05 (0.81–1.37); 0.703 0.49 (0.37–0.65); <0.001 0.58 (0.46–0.74); <0.001 

moderate 1.10 (0.91–1.32); 0.344 0.98 (0.82–1.18); 0.832 0.63 (0.52–0.76); <0.001 0.82 (0.70–0.96); 0.015 

MDSS ≥14 points (ref: yes)     

no 0.94 (0.77–1.15); 0.543 1.01 (0.84–1.23); 0.881 1.18 (0.96–1.45); 0.112 0.78 (0.66–0.91); 0.002 
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Cholesterol  

(≥5 mmol/L)  
aOR (95% CI); P 

LDL  

(≥3 mmol/L)  
aOR (95% CI); P 

HDL  

(≤1.03 mmol/L♂, ≤1.29 

mmol/L♀)  
aOR (95% CI); P 

Fibrinogen  

(ref: ≥4.0 g/L) 

 aOR (95% CI); P  

 

Nut consumption (ref: infrequently 

or never) 
    

daily  1.26 (0.83–1.92); 0.281 1.11 (0.75–1.65); 0.599 0.74 (0.48–1.13); 0.160 0.71 (0.51–1.01); 0.051 

weekly 1.35 (1.02–1.79); 0.037 1.46 (1.11–1.94); 0.008 0.81 (0.62–1.07); 0.141 0.65 (0.52–0.83); <0.001 

monthly  1.05 (0.86–1.27); 0.648 1.03 (0.85–1.24); 0.789 0.75 (0.62–0.92); 0.005 0.66 (0.56–0.79); <0.001 

Physical activity (ref: intensive)     

light 0.89 (0.65–1.23); 0.487 1.01 (0.75–1.36); 0.954 1.02 (0.73–1.42); 0.914 1.05 (0.80–1.37); 0.713 

moderate 0.94 (0.71–1.25); 0.678 1.09 (0.84–1.42); 0.514 0.81 (0.60–1.10); 0.178 0.91 (0.72–1.15); 0.437 

WHtR ≥0.5 (ref: yes)     

no 0.53 (0.43–0.65); <0.001 0.47 (0.38–0.57); <0.001 0.41 (0.32–0.52); <0.001 0.74 (0.61–0.90); 0.002 

Hypertension* (ref: yes)     

no 0.90 (0.72–1.11); 0.304 0.91 (0.74–1.11); 0.357 0.80 (0.66–0.99); 0.036 0.89 (0.75–1.05); 0.161 

Diabetes# (ref: yes)     

no 1.48 (1.11–1.98); 0.007 1.54 (1.17–2.03); 0.002 0.56 (0.42–0.74); <0.001 0.86 (0.67–1.10); 0.221 

Gout$ (ref: yes)     

no 0.80 (0.63–1.03); 0.083 1.04 (0.83–1.30); 0.740 0.63 (0.50–0.80); <0.001 1.01 (0.83–1.23); 0.895 
 
MDSS—Mediterranean Diet Serving Score. WHtR—waist-to-height ratio. ♂: males. ♀: woman. *: systolic ≥ 140 mmHg or diastolic ≥ 90 mmHg or treated for hypertension. #: ≥7 mmol/L or 
treated for diabetes type 2. $: uric acid ≥404 μmol/L ♂, ≥338 μmol/L ♀ or gout.  
Multivariate logistic regression models were built separately for cholesterol, LDL, and HDL. A multivariate ordinal regression model was used for the analysis of the characteristics 
associated with elevated fibrinogen.  
Adjusted odds ratios (aOR), 95% confidence intervals (CI), and P-values were calculated using multivariate regression models; each of the seven models presented here was simultaneously 
adjusted for all covariates listed in this table. 
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Nut consumption frequency was associated with an elevated waist-to-height ratio 

(WHtR, overall P =0.036) and waist-to-hip ratio (WHR, overall P =0.033), while no 

association was recorded for BMI in subjects without a previous CVD diagnosis (Table 12).  

Subjects who reported weekly nut consumption had lower odds for elevated WHtR, 

compared to those who never consumed nuts (OR =0.72, 95% CI 0.54–0.96; P =0.026), 

similarly for subjects who consumed nuts monthly (OR =0.78, 95% CI 0.63–0.97; P =0.022), 

whereas the daily nut consumers exhibited no difference compared to the non-consumers (OR 

= 0.70; 95% CI 0.45–1.08; P =0.104; Table 12).  

A similar finding was for elevated WHR, where subjects who consumed nuts weekly 

and monthly had 23% lower odds for being centrally obese (OR =0.77, 95% CI 0.60–0.99; P 

=0.045 and OR =0.77, 95% CI 0.64–0.93; P =0.007, respectively), while daily consumers had 

a non-significant result (OR =0.87; 95% CI 0.60–1.28; P =0.485; Table 12). 

When clinical outcomes (diabetes, elevated HbA1c, metabolic syndrome) were 

investigated for the association between nut intake and presence of chronic diseases, a 

significant result was recorded only for monthly consumers who had 20% lower odds for 

having metabolic syndrome compared to the never-consumers (OR =0.80, 95% CI 0.66–0.96; 

P =0.016; Table 12).  

Interestingly, participants who did not adhere to the Mediterranean diet had higher odds 

for obesity (OR =1.23, 95% CI 1.06–1.42: P =0.007), and lower odds for the concomitant 

presence of both diabetes and elevated HbA1c (OR =0.66, 95% CI 0.51–0.86; P =0.002; OR 

=0.57, 95% CI 0.43–0.75; P <0.001, respectively; Table 12), which indicates that subjects with 

diabetes had better adherence to this preventative nutritional pattern.  

There was no significant association between nut intake nor the adherence to the 

Mediterranean diet with waist circumference, hypertension, and gout, so the corresponding 

regression data are not presented here. 
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Table 12. Characteristics associated with Waist-to-Height Ratio, Waist-to-Hip Ratio, Body Mass Index, diabetes, elevated Hb1c, and metabolic syndrome as 

determined by the multivariate logistic regression analyses (sample size is 4,011 subjects without previous cardiovascular disease CVD diagnosis; all 

independent variables included in the model are listed in the table). 

 
Waist-to-Height Ratio 

(≥0.5) 

aOR (95% CI); P 

Waist-to-Hip Ratio 

(≥0.90 ♂, ≥0.85 ♀) 
aOR (95% CI); P 

Body Mass Index 

(Referent ≥ 30) 
aOR (95% CI); P 

Diabetes (≥7 mmol/L 

or Treated for 

Diabetes Type 2) 

aOR (95% CI); P 

Elevated HbA1c (≥6.5 

mmol/L or Treated for 

Diabetes Type 2) 

aOR (95% CI); P 

Metabolic Syndrome 

aOR (95% CI); P 

Sex (ref: women)       

men 1.97 (1.57–2.46); <0.001 2.55 (2.08–3.12); <0.001 2.34 (2.01–2.73); <0.001 2.32 (1.74–3.09); <0.001 1.77 (1.29–2.42); <0.001 0.71 (0.59–0.86); <0.001 

Age (years, ref: 18.0–

34.9) 
      

35.0–64.9 3.64 (2.91–4.55); <0.001 4.12 (3.28–5.17); <0.001 2.06 (1.68–2.54); <0.001 2.71 (1.28–5.73); 0.009 2.46 (1.04–5.79); 0.040 2.24 (1.66–3.02); <0.001 

≥65.0  7.95(5.34–11.85);<0.001 6.70 (4.84–9.29); <0.001 1.55 (1.20–2.00); 0.001 3.69 (1.69–8.03); 0.001 3.43 (1.42–8.31); 0.006 3.16 (2.24–4.47); <0.001 

Place of residence (ref: 

Split) 
      

Vis 0.87 (0.65–1.15); 0.326 1.18 (0.92–1.53); 0.195 0.80 (0.66–0.98); 0.029 0.97 (0.65–1.44); 0.876 0.96 (0.61–1.50); 0.844 2.19 (1.71–2.80); <0.001 

Korčula 1.41 (1.14–1.76); 0.002 1.35 (1.11–1.64); 0.003 0.38 (0.32–0.45); <0.001 1.25 (0.88–1.77); 0.206 1.64 (1.11–2.43); 0.013 1.09 (0.89–1.34); 0.392 

Education (years of 

schooling, ref: ≥13) 
      

0–8 2.36 (1.67–3.34); <0.001 2.42 (1.81–3.24); <0.001 1.23 (1.00–1.52); 0.055 1.52 (1.03–2.24); 0.035 1.51 (0.99–2.3); 0.056 1.44 (1.11–1.86); 0.006 

9–12 1.30 (1.06–1.60); 0.013 1.21 (1.00–1.46); 0.054 1.16 (0.99–1.36); 0.068 1.17 (0.84–1.65); 0.352 1.11 (0.76–1.61); 0.599 0.98 (0.81–1.20); 0.866 

Material status (ref: 
4th quartile) 

      

1st quartile 0.65 (0.49–0.87); 0.003 0.99 (0.76–1.27); 0.908 0.86 (0.70–1.06); 0.154 1.31 (0.88–1.94); 0.178 1.67 (1.07–2.60); 0.025 0.96 (0.75–1.24); 0.770 

2nd quartile 0.94 (0.72–1.22); 0.639 1.17 (0.92–1.47); 0.200 0.88 (0.73–1.07); 0.197 1.37 (0.94–2.00); 0.100 1.63 (1.06–2.52); 0.027 0.94 (0.74–1.18); 0.573 

3rd quartile 0.84 (0.65–1.07); 0.157 1.09 (0.87–1.36); 0.444 0.94 (0.78–1.13); 0.498 1.33 (0.91–1.92); 0.137 1.75 (1.15–2.68); 0.010 0.97 (0.78–1.21); 0.780 

Smoking (ref: never-

smoker) 
      

current-smoker 0.81 (0.66–1.00); 0.046 1.04 (0.86–1.26); 0.657 0.81 (0.69–0.95); 0.011 0.88 (0.63–1.21); 0.418 0.86 (0.60–1.22); 0.398 1.04 (0.86–1.27); 0.664 

ex-smoker 1.36 (1.06–1.74); 0.015 1.22 (0.99–1.51); 0.064 1.13 (0.97–1.33); 0.127 0.93 (0.70–1.25); 0.647 0.97 (0.70–1.33); 0.832 1.03 (0.85–1.26); 0.747 

Alcohol intake (ref: 

none) 
      

excessive 0.93 (0.68–1.27); 0.663 1.46 (1.10–1.93); 0.008 0.83 (0.68–1.02); 0.083 0.81 (0.56–1.18); 0.274 0.69 (0.46–1.04); 0.076 1.14 (0.88–1.47); 0.312 

moderate 0.88 (0.72–1.08); 0.212 1.14 (0.95–1.37); 0.147 0.72 (0.62–0.84); <0.001 0.71 (0.54–0.94); 0.019 0.60 (0.44–0.82); 0.001 0.88 (0.73–1.06); 0.170 
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Waist-to-Height Ratio 

(≥0.5) 

aOR (95% CI); P 

Waist-to-Hip Ratio 

(≥0.90 ♂, ≥0.85 ♀) 
aOR (95% CI); P 

Body Mass Index 

(Referent ≥ 30) 
aOR (95% CI); P 

Diabetes (≥7 mmol/L 

or Treated for 

Diabetes Type 2) 

aOR (95% CI); P 

Elevated HbA1c (≥6.5 

mmol/L or Treated for 

Diabetes Type 2) 

aOR (95% CI); P 

Metabolic Syndrome 

aOR (95% CI); P 

MDSS ≥14 points (ref: 

yes) 
      

no 0.94 (0.75–1.16); 0.547 1.18 (0.97–1.42); 0.090 1.23 (1.06–1.42); 0.007 0.66 (0.51–0.86); 0.002 0.57 (0.43–0.75); <0.001 0.99 (0.83–1.19); 0.932 

Nut consumption (ref: 

infrequently or never) 
      

daily  0.70 (0.45–1.08); 0.104 0.87 (0.60–1.28); 0.485 0.85 (0.62–1.16); 0.315 0.58 (0.31–1.08); 0.088 0.67 (0.35–1.26); 0.210 0.83 (0.57–1.21); 0.338 

weekly 0.72 (0.54–0.96); 0.026 0.77 (0.60–0.99); 0.045 0.92 (0.75–1.14); 0.470 0.77 (0.50–1.18); 0.233 0.85 (0.54–1.34); 0.475 0.88 (0.68–1.14); 0.339 

monthly  0.78 (0.63–0.97); 0.022 0.77 (0.64–0.93); 0.007 1.02 (0.88–1.19); 0.774 0.84 (0.63–1.12); 0.247 0.80 (0.58–1.09); 0.155 0.80 (0.66–0.96); 0.016 

Physical activity (ref: 

intensive) 
      

light 1.07 (0.74–1.55); 0.702 1.03 (0.74–1.42); 0.875 1.17 (0.92–1.49); 0.197 1.66 (1.08–2.55); 0.021 2.15 (1.31–3.52); 0.002 0.98 (0.73–1.32); 0.909 

moderate 1.12 (0.81–1.55); 0.505 1.02 (0.77–1.37); 0.872 1.01 (0.82–1.25); 0.891 1.34 (0.91–1.97); 0.135 1.64 (1.04–2.57); 0.032 0.80 (0.62–1.04); 0.093 

WHtR ≥0.5 (ref: yes)       

no / / / 1.00 (0.6–1.66); 0.986 0.57 (0.30–1.08); 0.083 0.14 (0.10–0.18); <0.001 

Hypertension* (ref: 

yes) 
      

no 0.56 (0.42–0.74); <0.001 0.68 (0.54–0.84); <0.001 0.66 (0.57–0.77); <0.001 0.56 (0.43–0.72); <0.001 0.58 (0.44–0.77); <0.001 0.33 (0.28–0.40); <0.001 

Diabetes# (ref: yes)       

no 0.94 (0.56–1.58); 0.815 0.52 (0.34–0.80); 0.003 0.76 (0.61–0.94); 0.013 / / 0.19 (0.14–0.27); <0.001 

Metabolic 

syndrome (ref: yes) 
      

no 0.14 (0.11–0.18); <0.001 0.35 (0.29–0.42); <0.001 0.35 (0.30–0.40); <0.001 0.18 (0.13–0.26); <0.001 0.25 (0.18–0.36); <0.001 / 

Gout$ (ref: yes)       

no 0.38 (0.26–0.55); <0.001 0.45 (0.34–0.60); <0.001 0.59 (0.50–0.71); <0.001 0.90 (0.69–1.18); 0.453 0.86 (0.64–1.15); 0.306 0.61 (0.49–0.75); <0.001 
MDSS—Mediterranean Diet Serving Score. WHtR—waist-to-height ratio. ♂: males. ♀: woman. *: systolic ≥ 140 mmHg or diastolic ≥ 90 mmHg or treated for hypertension. #: ≥7 mmol/L or 
treated for diabetes type 2. $: uric acid ≥404 μmol/L ♂, ≥338 μmol/L ♀ or gout.  
Multivariate logistic regression models were built separately for waist-to-height ratio, waist-to-hip ratio, diabetes, elevated HbA1c, and metabolic syndrome. Multivariate ordinal regression 
model was used for the analysis of the characteristics associated with Body Mass Index (BMI).  
Adjusted odds ratios (aOR), 95% confidence intervals (CI) and P-values were calculated using multivariate regression models; each of the seven models presented here was simultaneously 
adjusted for all covariates listed in this table. 
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2.4 DISCUSSION   

The results of this study revealed a rather unsatisfactory situation in Southern Croatia in 

terms of Mediterranean diet consumption, with a rather low prevalence of adherence to the MD 

in the entire sample (28.5%), especially among younger individuals (14.0%). Subjects included 

in the follow-up had higher adherence to the MD at baseline (36.6%), with a borderline 

insignificant decline at the end of the follow-up period (33.5%). On the other hand, BMI had 

increased on average by 6.5% in subjects available for follow-up. 

Mediterranean diet 

The MD prevalence was within the expected range compared to the results from other 

Mediterranean countries and Croatia. For example, findings from the literature vary anywhere 

between 14% of adherent people in Northern Italy (88) to 45% in the Balearic Islands (89). 

Earlier studies from Croatian islands also revealed a worrisome pattern of dietary habits, with 

a predominant change towards higher consumption of meat, pasta, and cakes (90). The study 

of the population from the coastal region of the Adriatic Sea yielded even more devastating 

results; only 2.4% of the general population in urban areas and 3.4% in rural areas practised 

MD defined as “daily intake of fruits and vegetables, brown bread and whole grains, using 

olive oil as the main source of fat, consumption of fish and moderate wine drinking with meals” 

(91). Methodological differences and particularly the definition of the Mediterranean diet 

adherence between these studies and this study prevent further in-depth comparisons (19), but 

the majority of the studies do report a rather low percentage of people whose dietary pattern 

resembles the Mediterranean diet, especially in youngest generations (52, 92-94).  

Better compliance with the overall Mediterranean diet and the majority of the MDSS 

components was recorded among the oldest group of subjects, especially women, which is in 

line with many previous studies (21, 95, 96). The worst result for a particular component was 

recorded for nuts consumption, where as little as 3% of people from Island Vis reported eating 

nuts every day, and the situation was not much better in the subjects from the Island of Korčula 

(4%) and Split (7%). This is particularly misfortunate because a recent field trial showed that 

daily consumption of mixed nuts (30 grams/day) reduced the incidence of major cardiovascular 

events by 28% in people at high cardiovascular risk, but with no cardiovascular disease and 

after a median follow-up of 4.8 years (97), while an observational study showed a 47% 

reduction in all-cause mortality and 36% reduction in cancer deaths in people who ate nuts ≥8 

times/month, compared to those who never ate nuts during a median follow-up of 4.3 years 

(98).  
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Furthermore, these results are mainly in line with previous studies, which showed that 

female gender and non-smokers (99-101), older adults (99, 102, 103), and more physically 

active people displayed higher adherence to the MD pattern, while higher body mass index was 

generally associated with lower adherence to MD (100-102, 104). These results partially 

replicated such associations, as subjects with higher levels of physical activity had up to 50% 

greater probability to be adherent to the MD in comparison to the ones with light activity, while 

BMI was not significantly associated with adherence to the MD in overall sample. This is in 

contrast to some previous findings (105-107), but in line with some of the studies (108, 109). 

These differences between previous results are probably due to the employed study design 

(cross-sectional vs longitudinal, observational vs experimental design), and characteristics of 

included subjects (primarily age and health status), leaving the association between adherence 

to the MD and BMI a topic for further investigation and open discussion.  

Unfortunately, many Mediterranean societies are moving away from their traditional 

dietary pattern, while some countries in Northern Europe and around the world are adopting a 

Mediterranean-like dietary pattern (52). For example, previous studies have indicated a 

persistent moderate-to-weak adherence to the MD across several southern European countries, 

including Spain, Portugal, Italy, Greece, and Cyprus (110). Some variations can be expected, 

probably due to the applied methodological framework and different instruments used to assess 

MD adherence (111). For example, one study from Spain showed a poor level of adherence to 

the MD in the general population and specific areas of Spain (112), while another one showed 

moderate adherence (113).  

Nevertheless, deflection from traditional MD diet and lifestyle represents a lost 

opportunity, not only from the perspective of achieving less-than-ideal individual and 

population health, but also from the perspective of environmental protection, possible 

degradation of sociocultural food values, and loss of positive local economic returns (114). 

This deflection from the traditional dietary, as well as other lifestyle factors, might as well be 

the driving force behind the observed high burden of overweight and hypertension (115), 

hyperlipidemia (116), type 2 diabetes (117) and metabolic syndrome (118) in the populations 

of the Mediterranean region of Croatia. Unfortunately, the final result of this detrimental 

situation is also observed in the concurrent mortality patterns (119). 

Mediterranean diet and socioeconomic status  

Previous studies have demonstrated that individual and contextual socio-economic 

factors are strong determinants of dietary habits and that poorer socio-economic groups are less 
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likely to follow a healthy lifestyle (120). On the other hand, social position in terms of 

education, occupational class, and income level represents a good predictor of healthy eating 

behaviour (121, 122). In general, highly educated people have higher incomes and a healthier 

consumption pattern (123) and tend to follow MD recommendations (122). Higher educational 

status was also associated with better nutritional intakes in lower GDP countries, while lower-

income countries and lower education groups had poorer diets, particularly in terms of 

micronutrient intake (124). That could be explained by the fact that greater adherence to the 

Mediterranean diet was associated with higher dietary costs, which might represent a barrier to 

healthy eating (63). For instance, in a study including a representative national sample of 3,534 

children and young people from Spain, researchers have found that high adherence to the MD 

was more expensive than low adherence by 0.71 Euros per day (125).  

The current economic and social European context- the increasing crisis, lack of jobs, 

various challenges due to the COVID-19 pandemic and consequent fall in income associated 

with cost inflation, could make people inclined to save money in all possible ways. In this 

context, the most exposed are the disadvantaged groups because they prefer buying food at low 

prices that are often of low quality (126). Foods of lower nutritional value and lower-quality 

diets generally cost less per calorie and tend to be selected by groups of lower socioeconomic 

status (127). On the other hand, people with low socio-economic status do not obtain the same 

health outcomes as those with high socio-economic status, even if both groups follow the same 

eating pattern (128). Concretely, high adherence to the MD was associated with cardiovascular 

protection in higher but not in lower socioeconomic groups from Italy, with similar results 

observed for both education level and household income groups (128).  

In some European countries, it was demonstrated that socio-economic status could 

modulate adherence to the MD (107, 129). For example, in a study carried out in the adult 

population from the Balearic Islands, people with higher educational and socio-economic 

levels showed higher rates of adherence to the Mediterranean pattern (89). On the other hand, 

adherence to the MD in the South of Italy was found to be at low levels due to poor knowledge 

of MD and its’ beneficial effects (130). Whereas the social status in France was important for 

healthy eating only through an interaction between the level of education and the area of 

residence (120). This study revealed a similar association between education and MD, where 

less educated people had a reduced likelihood of being adherent to the MD. But, when we 

included more subjects and added additional socio-economic indicators in the analysis 

(subjective and objective material status), we did not corroborate such a finding. Hence, we 

have identified only a significant association between the overall adherence to the MD and 
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objective material status. Subjects reporting the highest objective material status (fourth 

quartile) demonstrated a 93% higher probability of adhering to MD than those belonging to the 

first quartile of objective material status, with similar findings for subjects within second and 

third quartile groups (38% and 29%, respectively). This was in line with previous results, where 

higher household income was positively associated with greater adherence to the MD (67, 131).  

Mediterranean diet food components and socioeconomic status  

Interestingly, subjects with higher educational attainment had a greater probability of 

appropriate adherence to dairy products, potatoes, and red meat intake recommendations, but 

they exhibited lesser adherence to cereals, olive oil, legumes, fish, and white meat intake 

recommendations. This represents a considerable departure from the traditional MD pattern. 

For example, Biesbroek et al. revealed that people with low education consumed more 

potatoes, whereas highly educated people consumed more olive oil and fish (132). Another 

study showed that highly educated people in Italy also consumed white meat slightly less than 

in the past (88), while Bonaccio et al. had a similar conclusion for the consumption of white 

meat, but again opposite when it comes to people with high educational status and consumption 

of olive oil and fish (128). Similarly, higher educational status was shown to be positively 

associated with fish intake (133). Other MD food components were equally consumed by all 

educational groups, as previously shown in another study by Bonaccio et al. (67). 

As already mentioned, we failed to find any association between subjective material 

status and adherence to the MD, whereas objective material status presented as the most 

prominent socio-economic indicator for overall adherence to the MD and several food groups. 

For example, subjects in the higher quartiles of material status had higher adherence to fruit, 

vegetables, olive oil, and fish intake recommendations and lower adherence to red meat and 

sweets intake. Interestingly, olive oil and fish intake had an opposing contribution of 

educational level and material status to their adherence, such that lower education and higher 

material status were both associated with their greater adherence. This could be explained by 

the fact that older, less educated people from Dalmatia, especially from remote islands, still 

tend to produce their own olive oil, and they catch fish on their own, which could be behind 

their higher intake of these foods (statement based on personal communication with subjects 

included in the study). 
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 Temporal trends of the Mediterranean diet 

 The effect of the economic crisis of 2007-2008 on the adherence to the MD was a topic 

of several previous studies. For instance, it was found that adherence to the MD was lower in 

subjects from Italy reporting a negative impact of the crisis on their diet (134). Additionally, 

the prevalence of adherence to MD among southern Italian citizens enrolled within the Moli-

sani study was 31.3% during the 2005-2006 period, which dramatically fell during 2007-2010 

(18.3%), most strongly affecting elderly, less affluent people, and urban areas dwellers (135). 

These results also revealed decreased odds for adherence to the MD and different food groups, 

i.e. adherence odds for vegetables, cereals, fruit, fish, legumes, dairy products, potatoes, and 

olive oil. On the other hand, the odds of adherence to red meat and sweets recommendations 

increased after the recession.  

 Similar findings were demonstrated in Portugal, where a significant decrease in fish, fruit 

and vegetables consumption was recorded from 2005/2006 to 2014 (56). A cross-sectional 

study from Greece showed that parents who reported that financial crisis affected their food 

spending also reported lower consumption of fruits, carbohydrate foods, and legumes, and 

increased intake of nutrient-poor/energy-dense foods, while their children reduced weekly 

consumption of vegetables and increased weekly consumption of nutrient-poor/energy-dense 

foods (136). These and other recent evidence show a possible involvement of the economic 

crisis, and material resources as strong determinants of the adherence to the MD in the period 

after the recession started (137), given that a direct positive association between the cost of the 

diet and adherence to the MD has been established (64). However, it is hard to distinguish the 

contribution of recession due to economic crisis from the impact of the steady process of 

westernization of traditional dietary habits, including MD. For instance, FAO noted that “the 

Mediterranean region is passing through a ‘nutritional transition’ in which problems of 

undernutrition coexist with overweight, obesity and food-related chronic diseases”(138). For 

example, an ecological study of the changes in food patterns in Europe over the last 40 years 

revealed that the greatest changes have occurred in Mediterranean Europe (139). For instance, 

an increase of 20% in total energy availability was noted, alongside with 48% increase in 

energy availability from lipids, and a 20% decrease from carbohydrates, with a significant fall 

in the energy supplied by cereals (30%) and wine (55%), while the contribution of milk and 

dairy products increased by 78% and 24%, respectively (139). For example, it was estimated 

that the Spanish diet shifted away from the traditional MD, now containing three times more 

meat, dairy and sugar products and a third fewer fruits, vegetables, and cereals (140).  
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 Similar deviations were detected in the fraction of the sample available for the follow-

up. For example, vegetable adherence was reduced by 35%, followed by a reduction in fish 

adherence by 23%, white meat by 12%, cereals by 11%, dairy products by 10%, while fruit 

adherence was reduced by only 2%. However, there were a few positive trends, such as an 

increase in adherence to nuts (128%), sweets (113%; denoting reduced intake), red meat (56%; 

also denoting reduced intake), and wine (50%). Overall, the adherence to the MD remained 

stable, probably a consequence of differences in specific MD food constituents. 

 As already mentioned, a continuous increase in red and processed meat has been 

observed over the last couple of decades, while fruit, cereals, and vegetable consumption has 

decreased in different countries (51, 141, 142). These findings align with these trends, except 

for red meat intake, for which compliance was improved. Interestingly, an improvement over 

time was also recorded for sweets adherence in this study, which was in contrast to the findings 

from Portugal, where sweets/desserts consumption was significantly higher in 2014 compared 

to 2005/2006 (56). However, a similar decreased trend for sweets intake was observed in 

Northern Italy (88), and Norway, Sweden, and Finland (143). A study conducted among adults 

in Lebanon showed a decrease in the consumption of bread, fruits, fresh fruit juices, milk and 

eggs, whereas the consumption of added fats and oils, poultry, cereals and cereal-based 

products, chips and salty crackers, sweetened milk and hot beverages increased over time 

(144). These findings indicate slightly different, yet similar patterns of change in different 

populations.  

 The important next step in any effort to improve dietary habits in the communities is 

identifying factors associated with such changes, to implement targeted interventions. We have 

conducted such an analysis, which pointed to several characteristics associated with the change 

in adherence to the MD over time. Female gender, age at baseline, the highest level of 

education, and moderate physical activity were positively associated with MDSS change 

during follow-up in a multivariate model. On the other hand, the MDSS score at baseline was 

negatively associated with the MDSS change during the follow-up, indicating that people with 

the higher baseline adherence to the MD tended to recede over time, while those with lower 

adherence strived toward increasing adherence to the MD. These findings highlight a 

continuous change in the dietary patterns in the population, requiring constant monitoring of 

the trends and identification of the drivers of such change. 
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 Mediterranean diet and health-related outcomes 

 The traditional Mediterranean diet was shown beneficial in preventing weight gain and 

abdominal obesity (47). On the other hand, a lower educational level was often associated with 

a higher prevalence of overweight and obesity (67, 145), the same as economic affluence on a 

country level, reflecting a potential adverse outcome concomitant with economic growth (146). 

While the relationship between socioeconomic status and health outcomes was frequently 

emphasized for the Mediterranean area (145), the synergy between those two determinants was 

not substantially investigated in the population of Southern Croatia. These results indicate that 

the average BMI had increased from 25.76 kg/m2 at baseline to 27.44 kg/m2 during the follow-

up period. This is consistent with the trend of increasing rates of obesity across 147 countries 

(146). BMI change during follow-up was positively associated with the female gender, and 

negatively with initial BMI, initial adherence to the MD, and change in adherence to the MD, 

as found in the regression analysis. This means that people with lower BMI at the beginning of 

the study tended to experience a rise in BMI, while those who started with higher values 

managed to diminish it over time. An encouraging finding is that individuals with higher-

level/scores of MD adherence experienced lower BMI change or even a decrease. 

 Furthermore, the importance of nut intake as one of the key food components of the MD, 

as well the associations of health-related outcomes with the adherence to the MD were further 

investigated within the study. Nut consumption in this study was associated with reduced odds 

for decreased HDL cholesterol and reduced odds for increased fibrinogen, while total 

cholesterol and LDL cholesterol did not reach the significance level (when overall P value was 

observed) and triglycerides did not exhibit any association with nut intake within this study. 

Previous studies have also shown various results concerning the impact of nut consumption on 

blood lipid levels. Some have found beneficial effects, while others did not record any 

difference in blood lipids between nut consumers and non-consumers (41, 46, 147-149). A 

possible explanation for these findings is in the different definitions used for nut consumption 

(type, frequency, and amount of nuts consumed), different time frames of follow-up, and 

different confounding factors taken into account. For instance, in a Cochrane review and meta-

analysis with 3 trials included, substantial heterogeneity was found between the trials for the 

effect of nut consumption on total cholesterol and triglyceride levels, while for HDL 

cholesterol and LDL cholesterol no effect of nut consumption has been identified (46).  

 Subjects in this study who consumed nuts weekly and monthly had lower odds of having 

an elevated fibrinogen level, which is considered an inflammatory marker. This is a 
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confirmation of the previous finding of lower levels of fibrinogen (and other inflammatory 

markers) in people who consumed nuts and seeds more frequently (150). Regarding this, the 

finding of a recent study in the urban population of Catania, Italy, was particularly interesting 

because it demonstrated that the main dietary sources of total polyphenols were nuts (151). It 

is, therefore plausible that the cardiovascular disease risk reduction effect of nut intake is, at 

least in part, due to these compounds, which are well known to counteract the burden of 

oxidative stress and thus limit the effects of cellular ageing (152). 

 Nut intake effects on glucose and insulin levels and diabetes risk have also been 

previously investigated. The majority of studies have shown the beneficial impact of nut 

consumption. For example, a meta-analysis of 12 randomized controlled dietary trials including 

individuals with diabetes has shown that daily nut consumption (a median dose of 56 g/d during 

≥3 weeks) lowered HbA1c by 0.07% (95% CI:-0.10, -0.03%; P = 0.0003) and fasting glucose 

by 0.15 mmol/L (95% CI: -0.27, -0.02 mmol/L; P = 0.03), compared to the control diets (42). 

Another meta-analysis including 25 observational studies and 2 clinical trials found that nut 

consumption has been associated with a reduction in diabetes risk by 13% (based on 6 studies 

and 13,308 events; RR: 0.87, 95% CI 0.81-0.94) (153). Furthermore, the PREDIMED study 

showed that people who consumed a Mediterranean diet enriched with daily nut intake (30 g/ 

day; 15 g of walnuts, 7.5 g of hazelnuts, and 7.5 g of almonds) had an 18% reduction in risk 

for incident diabetes (hazard ratio of 0.82, 95% CI 0.61-1.10) compared to the control group 

which received advice on a low-fat diet (33). This cross-sectional study failed to confirm these 

results. On the contrary, subjects who did not comply with a Mediterranean diet had lower odds 

for the presence of diabetes and elevated HbA1c (OR=0.66, 95% CI 0.51-0.86 and OR=0.57, 

95% CI 0.43-0.75, respectively). Since this is a cross-sectional study, this result is easily 

explained by the adoption of a healthy dietary pattern in those who were diagnosed with 

diabetes type 2, as a tertiary prevention measure. 

 Interestingly, the study revealed the association between nut consumption and indices of 

central obesity (defined by the waist-to-height and waist-to-hip ratios), while at the same time, 

there was no association with direct measures, namely waist circumference or BMI. Indeed, 

relative measures are better for detecting cardiometabolic risk factors and adverse health 

outcomes (80), indirectly suggesting that nuts could be contributing to the favourable 

cardiovascular profile. A large population-based cohort study, with over 370,000 people, 

reported that those who consumed nuts >1 time/week exhibited a slightly reduced weight gain 

(-0.10 kg; 95% CI -0.15, -0.04) over five years of follow-up (compared to non-consumers), and 

a 5% lower risk of becoming overweight or obese, compared to non-consumers (38). A 
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potential explanation for these findings could be found in the high satiety effect of nuts, such 

as almonds, whose consumption has been shown to have the same satiety impact as baked 

foods with the equivalent energy and macronutrient content (154). A similar result was 

obtained in another experimental study in subjects at increased risk of type 2 diabetes, where 

almond consumption, especially eaten as a snack, lowered serum glucose responses post-

prandially and reduced hunger and desire to eat (155). Another study confirmed that the 

metabolizable energy value of walnuts was as much as 21% smaller than predicted, possibly 

explaining why nut intake should not be considered a risk factor for excessive weight gain 

(156), especially if consumed moderately (about 30g per day). These findings are especially 

important given the trends in obesity worldwide since nut consumption could be used in 

metabolism and appetite control. 

 Habitual nut intake as a preventive measure could protect against cardiovascular disease 

complications and death, especially in people with lower adherence to the Mediterranean diet 

(41, 157) and diabetes (148). We found no such association between nut intake and the presence 

of the diagnosis of hypertension, diabetes or gout, but we did find some indication of the 

association between monthly nut intake and lower odds for metabolic syndrome presence 

(OR=0.80, 95% CI 0.66-0.96). A recent meta-analysis of randomized controlled trials also 

identified a beneficial effect of tree nuts on metabolic syndrome criteria through modest 

decreases in triglycerides and fasting blood glucose (158).  

 Systematic education about the potential health benefits of nut intake, with a special 

emphasis on the absence of obesity risk, for both health professionals and lay population, is 

needed. Good quality studies and evidence-based dietary guidelines should be put forward in 

health education and promotion to clarify the doubts and correct erroneous assumptions about 

nut intake. Indeed, an international group of authors recently published the lifestyle 

recommendations for the prevention and management of metabolic syndrome and these have 

included the consumption of nuts, alongside legumes, cereals (whole grains), fruits, vegetables, 

fish, and low-fat dairy products (31). 

  

 Final considerations 

 Overall, the importance of a healthy lifestyle and dietary habits came to the forefront of 

attention due to the COVID-19 pandemic. For example, preliminary findings from the 

ecological study showed that adherence to the Mediterranean diet was negatively associated 

with both COVID-19 cases and related deaths in Spain and other 23 OECD countries, which 

authors contributed to the anti-inflammatory properties of the Mediterranean diet (159). On the 
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other hand, an unhealthy lifestyle, associated metabolic disturbances, and concomitant chronic 

diseases were shown to increase the risk for adverse outcomes after SARS-CoV-2 infection 

(160). Therefore, the insights from these studies should be used to inform the necessary and 

targeted public health interventions to increase the MD uptake to ensure beneficial outcomes 

at the individual and the population level. This is relevant from the perspective of population 

health and delivery of adequate health care, as well as from the perspective of economic, social, 

and cultural development and preservation of cultural heritage for generations to come. In 

addition, adherence to the Mediterranean diet has a much more favourable environmental 

footprint (44), which is of utmost importance in small and fragile habitats, such as the remote 

islands. 
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2.5 SCIENTIFIC CONTRIBUTION AND LIMITATIONS OF THESIS 

RESEARCH 

The Mediterranean diet and its constitutional components in the population of Dalmatia 

have been marginally investigated, where a similar analysis of the association of nut intake 

with many health outcomes is seldom seen in the literature. This is the first study that has 

examined both the characteristics associated with habitual nut consumption frequency and the 

association between nut intake and cardiovascular health-related risks in Croatia and beyond, 

adding new insights into the existing knowledge of factors associated with nut intake and its 

impact on human health. Furthermore, the relationship between socioeconomic status and 

health outcomes was frequently emphasized for the Mediterranean area, but the synergy 

between those two determinants was not substantially investigated in the population of 

Southern Croatia or other Mediterranean countries.  

Limitations of this study include the use of the convenient sampling approach and 

possible recall bias. Other types of bias, like volunteer bias due to the convenience sampling 

approach, and confounding by indication, could also have affected the results and conclusions. 

Another important limitation of this study that needs to be mentioned here is the use of the 

cross-sectional design, which cannot establish a causal relationship between the cause and the 

effect. However, the use of the additional follow-up confirmed the initial findings and time 

trends.  

 Another limitation is the broad sampling period of subjects included in this study, which 

extended from 2003 to 2015. Each study site was sampled in different periods, which were 

never over-lapping. So this issue was mitigated by using the multivariate approach in the 

analysis, and the place of residence was one of the predictors included in the models. To further 

control for the effect of the study period in the logistic regression analysis, we included the 

actual follow-up time as one of the predictor variables and the variable “economic crisis of 

2007-2008”.  We also managed to obtain a smaller than ideal sample size and lesser response 

rate in the follow-up study (28.7%) due to the older age of the subjects and their inability to 

participate in the follow-up examination.  

 The question on nut consumption included all nuts, not distinguishing between different 

types of nuts or the amount of consumed nuts, which disabled us from the further detailed 

characterization of specific nut consumption. A low frequency of 5% of daily nut consumers 

could have affected the statistical power for detecting the association between nut intake and 

investigated risk factors. This could explain the results obtained in the regression models, 
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without any statistically significant result of the association between daily nut intake and the 

outcomes compared to non-consumers, unlike for weekly and monthly nut intake groups. 

 Advantages of the study include a relatively large overall sample size, inclusion of many 

potential predictors and confounding factors, and sampling from the general population of 

inhabitants from the Mediterranean region of Croatia. A comparable tool to assess MD was 

applied, thus providing a reliable source of information for wider-scale international 

comparisons and monitoring of nutritional trends and transitions.  

 Another good aspect of this study is the analysis of the association of nut intake and MD 

with many health outcomes, which is seldom seen in the literature. Still, there is much to be 

investigated, since there are many discrepancies in results from different studies, especially in 

the effect of nut intake on intermediate-risk factors like blood lipid levels and also on clinical 

endpoints (cardiovascular diseases, diabetes, cancer, etc.). To elucidate the actual mechanisms 

and unbiased effects of nut intake on various health outcomes, a larger size and well-controlled 

experimental study (for many confounding factors) and of longer duration are needed. 

Nevertheless, there is a sufficient amount of evidence pointing to various health benefits of 

habitual nut intake, which should be included in the recommendations for prevention and 

management of overweight and obesity, as well as common cardiovascular risk factors. 

 Overall, determinants, trends, and health outcomes associated with the Mediterranean 

diet were so far only marginally investigated in the population of Dalmatia in Croatia, and we 

are filling this gap. 
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2.6 SUMMARY 

One of the foremost public health challenges today and on the global level are non-

communicable disease, arising mostly due to an unhealthy lifestyle. Especially high burden 

represents an unhealthy diet. The Mediterranean diet is one of the most commonly investigated 

nutritional pattern with a large body of evidence showing that adherence to it can sustain and 

preserve human health, with numerous health benefits already being recorded. The most 

prominent characteristics of the MD are the use of olive oil as the primary fat source, an 

abundance of vegetables, fruits, nuts, and whole grains daily, moderate red wine and legumes 

consumption, while animal products are more of a relish, and the priority is given to fish and 

white meat over red and processed meat.  

The research aims of this thesis are to assess the compliance with the Mediterranean 

dietary pattern and its constituting components, to estimate the temporal trend in adherence to 

the Mediterranean diet and the contribution of several socio-economic factors in the changing 

pattern of both the Mediterranean diet and body mass index in a follow-up study, and to 

investigate the association between nut consumption and various cardiovascular risk factors in 

the population of Dalmatia in Southern Croatia. 

The results of this study revealed a rather unsatisfactory situation in Southern Croatia in 

terms of Mediterranean diet consumption. A wide range of adherence to MDSS components 

was present (from as low as 4.6% for nuts, and up to 91.7% adherence for cereals), with a rather 

low prevalence of adherence to the Mediterranean diet in the entire sample (28.5%), especially 

among younger individuals (14.0%). Better compliance with the overall Mediterranean diet, as 

well as for the majority of the MDSS components was recorded among the oldest group of 

subjects, especially women. We failed to find any association between subjective material 

status and adherence to the Mediterranean diet, whereas objective material status presented as 

the most prominent socio-economic indicator for the overall adherence to the Mediterranean 

diet, but also several food groups.  

Subjects included in the follow-up had higher adherence to the Mediterranean diet at 

baseline (36.6%), with a borderline insignificant decline at the end of the follow-up period 

(33.5%). The multivariate model revealed that female gender, older age at baseline, the highest 

level of education, and a moderate level of physical activity were positively associated, while 

the MDSS at baseline was negatively associated with the MDSS change during the follow-up. 

On the other hand, BMI had increased on average by 6.5% in subjects available for follow-up. 

BMI change during follow-up was positively associated with the female gender, and negatively 
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with initial BMI, initial adherence to the MD, and change in adherence to the MD, as found in 

the regression analysis. 

Nut consumption in this study was associated with reduced odds for decreased HDL 

cholesterol and reduced odds for increased fibrinogen, while total cholesterol and LDL 

cholesterol did not reach the significance level (when overall P value was observed) and 

triglycerides did not exhibit any association with nut intake within this study. The study also 

revealed the association between nut consumption and indices of central obesity (defined by 

the waist-to-height and waist-to-hip ratios), while at the same time there was no association 

with direct measures, namely waist circumference or BMI. We found no such association 

between nut intake and the presence of the diagnosis of hypertension, diabetes or gout, but we 

did find some indication of the association between monthly nut intake and lower odds for 

metabolic syndrome presence. Interestingly, we found that subjects who did not comply with 

a Mediterranean diet had lower odds for the presence of diabetes and elevated HbA1c, but 

higher odds for obesity. 

Overall, the importance of a healthy lifestyle and healthy dietary habits came to the 

frontline of attention due to the COVID-19 pandemic. The insights from these studies should 

be used to inform the necessary and targeted public health interventions aimed at increasing 

the MD uptake to ensure beneficial outcomes at the individual and the population level. This 

is relevant from the perspective of population health and delivery of adequate health care, as 

well as from the perspective of economic, social, and cultural development, and preservation 

of cultural heritage for generations to come.
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2.7 SUMMARY IN CROATIAN (SAŽETAK) 

Jedan od najvećih javnozdravstvenih izazova danas na globalnoj razini su nezarazne 

bolesti, koje uglavnom nastaju zbog nezdravog načina života. Posebno veliko opterećenje 

predstavlja nezdrava prehrana. Mediteranska prehrana jedan je od najčešće istraživanih 

prehrambenih obrazaca s velikim brojem dokaza koji pokazuju da njezino pridržavanje može 

održati i očuvati ljudsko zdravlje, uz brojne zabilježene zdravstvene prednosti. Najistaknutije 

karakteristike mediteranske prehrane su korištenje maslinovog ulja kao primarnog izvora 

masti, svakodnevno obilje povrća, voća, orašastih plodova i cjelovitih žitarica, umjerena 

konzumacija crnog vina i mahunarki, dok su životinjski proizvodi više užitak a u odnosu na 

crveno i prerađeno meso prednost ima riba i bijelo meso. 

Ciljevi istraživanja ovog doktorskog rada su procijeniti usklađenost s mediteranskim 

načinom prehrane i njegovim sastavnim komponentama, procijeniti vremenski trend 

pridržavanja mediteranske prehrane i doprinos nekoliko socio-ekonomskih čimbenika u 

promjeni obrasca  mediteranske prehrane i indeksa tjelesne mase u ponovljenoj studiji, kao i 

istražiti povezanost između konzumacije orašastih plodova i različitih kardiovaskularnih 

čimbenika rizika u populaciji Dalmacije u južnoj Hrvatskoj. 

Rezultati ovog istraživanja pokazali su prilično nezadovoljavajuću situaciju u južnoj 

Hrvatskoj u pogledu pridržavanja mediteranskoj prehrani. Prisutan je širok raspon pridržavanja 

pojedinim komponentama MDSS-a (od čak 4,6% za orašaste plodove, do 91,7% pridržavanja 

za žitarice), s prilično niskom prevalencijom pridržavanja mediteranskoj prehrani u cijelom 

uzorku (28,5%), osobito među mlađim osobama (14,0%). Bolja usklađenost s cjelokupnom 

mediteranskom prehranom, kao i za većinu komponenti MDSS-a zabilježena je kod najstarije 

skupine ispitanika, posebice žena. Nismo uspjeli pronaći povezanost između subjektivnog 

materijalnog statusa i pridržavanja mediteranske prehrane, dok je objektivni materijalni status 

predstavljen kao najistaknutiji socio-ekonomski pokazatelj za cjelokupno pridržavanje 

mediteranske prehrane, ali i nekoliko skupina namirnica. 

Ispitanici uključeni u praćenje imali su veću privrženost mediteranskoj prehrani na 

početku (36,6%), s graničnim neznatnim padom na kraju razdoblja praćenja (33,5%). 

Multivarijatni model je otkrio da su ženski spol, starija dob na početku, najviša razina 

obrazovanja i umjerena razina tjelesne aktivnosti bili pozitivno povezani, dok je MDSS na 

početku bio negativno povezan s promjenom MDSS-a tijekom praćenja. S druge strane, indeks 

tjelesne mase se u prosjeku povećao za 6,5% kod ispitanika dostupnih za praćenje. Promjena 

BMI tijekom praćenja bila je pozitivno povezana sa ženskim spolom, a negativno s početnim 
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BMI-om, početnim pridržavanjem mediteranskoj prehrani i promjenom pridržavanja 

mediteranskoj prehrani, kao što je pronađeno u regresijskoj analizi. 

Konzumacija orašastih plodova u ovoj studiji bila je povezana sa smanjenim izgledima 

za smanjenje HDL kolesterola i smanjenim izgledima za povećanje fibrinogena, dok ukupni 

kolesterol i LDL kolesterol nisu dosegli razinu značajnosti (kada je promatrana ukupna P 

vrijednost), a trigliceridi nisu pokazali nikakvu povezanost s unosom orašastih plodova unutar 

ove studije. Studija je također otkrila povezanost između konzumacije orašastih plodova i 

indeksa središnje pretilosti (definiranih omjerima struka prema visini, te struka i boka), dok u 

isto vrijeme nije bilo povezanosti s izravnim mjerama, odnosno opsegom struka ili indeksom 

tjelesne mase. Nismo pronašli takvu povezanost između unosa orašastih plodova i prisutnosti 

dijagnoze hipertenzije, dijabetesa ili gihta, ali smo pronašli neke naznake povezanosti između 

mjesečnog unosa orašastih plodova i nižih izgleda za prisutnost metaboličkog sindroma. 

Zanimljiv je rezultat da ispitanici koji se nisu pridržavali mediteranske prehrane imaju manje 

šanse za prisutnost dijabetesa i povišen HbA1c, ali veće šanse za pretilost. 

Općenito, važnost zdravog načina života i zdravih prehrambenih navika došla je u prvi 

plan pozornosti zbog pandemije COVID-19. Uvidi iz ovih studija trebali bi se koristiti za 

informiranje o potrebnim i ciljanim javno-zdravstvenim intervencijama usmjerenim na 

povećanje prihvaćanja mediteranske prehrane kako bi se osigurali korisni ishodi na razini 

pojedinca i populacije. To je relevantno iz perspektive zdravlja stanovništva i pružanja 

adekvatne zdravstvene skrbi, kao i iz perspektive gospodarskog, društvenog i kulturnog 

razvoja, te očuvanja kulturne baštine za generacije koje dolaze. 
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Aim To assess the adherence to the Mediterranean diet in 
the population of Dalmatia in southern Croatia.

Methods A cross-sectional study was performed within 
the 10 001 Dalmatians cohort, encompassing 2768 partic-
ipants from Korčula and Vis islands and the City of Split, 
who were recruited during 2011-2014. Using the data ob-
tained from food frequency questionnaire we calculated 
the Mediterranean Diet Serving Score (MDSS). Multivariate 
logistic regression was used to identify the characteristics 
associated with the adherence to the Mediterranean diet, 
with age, sex, place of residence, education attainment, 
smoking, and physical activity as covariates.

Results The median MDSS score was 11 out of maximum 
24 points (interquartile range 8-13), with the highest score 
recorded on the island of Vis. Participants reported a dietary 
pattern that had high compliance with the Mediterranean 
diet guidelines for consumption of cereals (87% met the cri-
teria), potatoes (73%), olive oil (69%), and fish (61%), mod-
erate for consumption of fruit (54%) and vegetables (31%), 
and low for consumption of nuts (6%). Overall, only 23% 
of the participants were classified as being adherent to 
the Mediterranean diet, with a particularly low percentage 
among younger participants (12%) compared to the older 
ones (34%). Men were less likely to show good adherence 
(odds ratio 0.52, 95% confidence interval 0.42-0.65).

Conclusion This study revealed rather poor compliance 
with the current recommendations on the Mediterranean 
diet composition in the population of Dalmatia. Public 
health intervention is especially needed in younger age 
groups and in men, who show the greatest departure from 
traditional Mediterranean diet and lifestyle.
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Mediterranean diet is one of the most commonly investi-
gated nutritional patterns, marked by numerous benefi-
cial health effects. It is traditionally practiced in countries 
of the Mediterranean basin, especially Greece, Italy, and 
Spain (1). Described benefits included cardiovascular dis-
eases prevention (2), reversion of the metabolic syndrome 
(3), prevention of the invasive breast cancer (4), prostate 
(5), and colorectal cancer (6), prevention of the age-relat-
ed cognitive decline (7), and even a protective role in asth-
ma among children (8,9). Additionally, in Swedish popu-
lation a 2-year survival increase was observed among 
people with higher compliance with the Mediterranean 
diet (10). Mediterranean diet was also shown to reduce 
the risk of cardiovascular and all-cause mortality both in 
people diagnosed with diabetes type 2 (11) and in healthy 
population (12). However, a Cochrane systematic review 
that included randomized controlled trials published un-
til 2012 found only a modest effect of the Mediterranean 
diet or its components on the cardiovascular risk factors 
reduction (13), possibly due to methodological differenc-
es and design limitations of the published studies. More 
recently, results from the PREDIMED study, a large rand-
omized controlled field trial in individuals at high risk of 
cardiovascular disease became available (14), confirming 
the beneficial effects of the Mediterranean diet on cardi-
ometabolic health (15) and its role in the primary preven-
tion of cardiovascular diseases (16).

The dietary pattern and compliance with the Mediterra-
nean diet has so far been assessed using many definitions 
and various scoring systems (17). This is a consequence of 
several factors, including the availability and types of lo-
cally produced foods, lifestyle, and tradition (18). The most 
prominent characteristics of the Mediterranean diet are 
the use of olive oil (preferably virgin oil) as the primary fat 
source, abundant consumption of vegetables, fruits, nuts, 
and whole grains daily, with moderate red wine and leg-
umes consumption. Animal products are more of a relish, 
and the priority is given to fish and white meat over red 
and processed meat (19). Recently, a new scoring system 
has been proposed to assess the individual compliance 
with the Mediterranean diet – Mediterranean Diet Serv-
ing Score (MDSS), claimed to be easy, valid, and accurate 
instrument to assess the Mediterranean diet adherence 
based on the consumption of foods and food groups per 
meal, day, and week (20). Its advantage is that it includes 
as many as 14 groups of foods, adding 1, 2, or 3 points to 
the total score based on the consumption frequency and 

the relative importance of the particular foods, without 
assigning negative points (20).

Nutritional transition, marked with the rapid spread of 
highly processed foods rich in sugar and saturated fats and 
fast food, as opposed to the home cooking (21), coupled 
with the sedentary lifestyle, is believed to be the driving 
force behind the pandemic of chronic diseases like obes-
ity, diabetes, and cardiovascular diseases. Unfortunately, 
these trends have also spread to the Mediterranean coun-
tries, resulting in a switch from the traditional diet toward 
western diets (22).

Mediterranean diet and its particular composition in the 
Dalmatian population has previously been marginally in-
vestigated, using various study approaches and scoring 
(23,24). The aim of this study was to assess the compliance 
with the Mediterranean dietary pattern and its constitut-
ing components in the population of the island of Korčula, 
island of Vis, and the City of Split, Croatia. This is the first 
study that uses a systematic and validated approach to 
estimate the prevalence and factors associated with the 
adherence to the Mediterranean diet in a large popula-
tion-based sample, and thus provide a reliable source of 
information for international comparisons and monitoring 
of nutritional trends and transition.

MAteRIAls And MetHOds

This cross-sectional study was performed within the 
“10,001 Dalmatians” cohort study (25,26). “10,001 Dalma-
tians” study was initiated in 1999, and has been investigat-
ing the health of isolated island communities ever since 
(27). This descriptive cross-sectional study included only 
participants recruited after 2010 during either their follow-
up or upon their first enrolment, in order to portrait the 
contemporary dietary patterns. The participants originated 
from the island of Vis (N = 401; recruited in 2011), the island 
of Korčula (N = 1980; recruited in 2012-2014), and the City 
of Split (N = 512; recruited in 2012-2013). The participants 
were recruited in the study following general practition-
er’s advice, newspaper and radio announcements, or dis-
tribution of posters and leaflets. In order to participate, the 
participants had to be of age (18 or more years) and had 
to sign the informed consent prior to the enrolment. The 
study protocol was approved by the ethical board of the 
Medical School, University of Split (approval number 2181-
198-03-04/10-11-0008).

Every participant provided a blood and urine sample fol-
lowing an overnight fast and gave the medical history, after 
which they filled in an extensive self-administered question-
naire, consisting of questions on dietary habits, smoking, al-
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cohol consumption, physical activity, and socioeconomic 
status. Additionally, anthropometric and clinically relevant 
measurements were performed by trained medical doctors 
and nurses using standard operating procedures.

Mediterranean diet assessment

A food frequency questionnaire was used to assess the di-
etary pattern. It consisted of 55 questions, with 6 available 
answers regarding the frequency of consumption (every 
day, 2-3 times a week, once a week, once a month, rare-
ly, never). These questions were about olive oil and other 
fat consumption, milk and dairy products, various groups 
of vegetables, fruit, nuts, legumes, various meats, fish, and 
sea foods, eggs, sweets, potatoes, rice, pasta, and bread. 
Additionally, there were 4 questions about wine (red and 
white) and bevanda (mixture of red or white wine and wa-
ter) consumption expressed in liters per week. Accord-
ing to the proposed MDSS approach (20), we created 14 
categories of foods that comprised Mediterranean diet: 
fruit (including 2 questions; fresh and dried fruit), veg-
etables (5 questions; leafy, rooted, cruciferous, tomatoes, 
canned, and pickled vegetables), cereals (5 questions; 
white bread, wholegrain bread, rice, pasta, muesli), pota-
toes, olive oil, nuts, dairy products (5 questions; milk, yo-
ghurt, sour cream, hard cheese, cottage cheese), legumes, 
eggs, fish (4 questions; blue fish, white fish, mollusks, oc-
topus), white meat (2 questions; chicken, turkey), red meat 
(6 questions; beef, calf, pork, lamb, sausages, pancetta), 
sweets (7 questions; cakes, chocolate, cookies, bonbons, 
jam, sweetened fruit juice, fizzy drinks), fermented bever-
ages (4 questions; red and white wine, red and white bev-
anda). If the participants reported daily consumption of 
olive oil, fruit, vegetables, and cereals, they were awarded 
3 points, for daily consumption of nuts and dairy products 
they were awarded 2 points, and for the consumption of 
the remaining 8 categories they were awarded 1 point. 
These included potatoes (if consumed ≤3 servings/week), 
legumes (≥2 servings/week), eggs (2-4 servings/week), 
fish (≥2 servings/week), white meat (2 servings/week), red 
meat (<2 servings/week), sweets (≤2 servings/week), and 
fermented beverages (1 glass/d of wine or bevanda for 
women, 2 glasses/d for men; beer was not included) (20). 
In case these guidelines were exceeded for meat, eggs, 
potatoes, sweets, and wine or not reached for other cat-
egories, the participant would get 0 points. In this way, the 
foods that are more beneficial for health and should be 
consumed several times a day bring greater weight to the 
final score, while the foods like red meat, eggs, potatoes, 
and sweets that should be kept at low frequency of con-

sumption bring lesser weight to the final score. The MDSS 
is based on the new Mediterranean diet pyramid, which 
places vegetables at the base of the pyramid, alongside 
with the cereals, olive oil, and fruit (28). Since our question-
naire allowed the highest frequency of consumption to be 
once a day, we combined 5 different types of vegetables 
(leafy, rooted, cruciferous, tomatoes, canned, and pick-
led vegetables) and thus awarded 3 points only to those 
participants who reported daily consumption of at least 
2 types of vegetables or to those who consumed at least 
one type of vegetables every day plus the combination of 
other types, which added up to a consumption frequen-
cy of ≥7 days a week. The maximum possible MDSS score 
was 24 points, and the cut-off of ≥13.5 points was consid-
ered as good compliance (20). We excluded 125 partici-
pants from the analysis due to missing values needed for 
MDSS items calculation.

lifestyle and socioeconomic characteristics

Besides diet, we assessed other lifestyle indicators, such as 
smoking and physical activity. According to the smoking 
status, we divided participants into smokers (those who 
reported current smoking or ceased smoking less than a 
year ago) and non-smokers. Physical activity was assessed 
during the working part of the day and during the leisure 
time, with four responses: intensive, moderate, light, and 
sitting. The number of completed years of schooling (edu-
cational attainment) was used in the estimation of the so-
cioeconomic status.

statistical analysis

Categorical variables are shown as numbers and percent-
ages, and numerical variables are shown as median and 
interquartile ranges (IQR), due to non-normal distribution 
assessed using Kolmogorov-Smirnov test. Χ2 test was used 
to investigate the differences between groups for categori-
cal variables, and Kruskal-Wallis test was used for numeri-
cal variables. Mann-Whitney U test was used as a post-hoc 
test for numerical variables and Χ2 test for categorical varia-
bles. Correlation between MDSS score and age and educa-
tion expressed as years of schooling was performed using 
Spearman rank test. Finally, multivariate logistic regression 
analysis was used to investigate the characteristics asso-
ciated with greater compliance with the Mediterranean 
diet, using the upper quartile of 14 points as a cut-off, 
which also corresponds to a proposed MDSS cut-off for 
good compliance with the Mediterranean diet (20). The 
model included six covariates: age, sex, place of resi-
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dence, years of schooling, smoking, and physical activity. 
Age and years of schooling were classified into categories 
in order to provide better understanding of the results. Age 
was classified into three categories (18-34.9 years, 35-64.9, 
and ≥65 years), while years of schooling were divided in 
four categories (<8 years, 8-10, 11-12, and ≥13 years). In 
all instances we provided odds ratios (OR) and 95% con-
fidence intervals (CI). Significance level was set at P < 0.05. 
Statistical software used was IBM SPSS Statistics v19 (IBM, 
Armonk, NY, USA).

Results

The analysis included 2768 participants from three study 
sites (Table 1). The overall median MDSS score was 11 out 
of 24 points (IQR 8-13). The highest median MDSS score 
of 12 points was recorded on Vis (IQR 9-14), followed by 
11 points in Split (IQR 8-15) and 10 points on Korčula (IQR 
8-13). There was a significant difference between partici-
pants from Korčula and Vis as well as between Korčula 
and Split (both P < 0.001), while participants from Vis did 

tABle 1. Participants’ demographic characteristics and prevalence of compliance with 14 Mediterranean diet serving score (Mdss) 
components and overall good Mediterranean diet adherence (Mdss≥14 points) according to the place of residence

Korčula island
n = 1874

Vis island
n = 385

split
n = 509

Overall P 
(post-hoc test P values)

sex; n (%)
men  685 (36.6) 153 (39.7) 201 (39.5)  0.301 (0.238*;0.224†; 0.939‡)
women 1189 (63.4) 232 (60.3) 308 (60.5)
Age (years); median (interquartile range, IQR)   55.0 (40.7-65.3)  63.5 (54.1-73.1)  58.0 (47.0-66.0) <0.001(<0.001*; <0.001†; <0.001‡)
Years of schooling; median (IQR)   12 (9-12)  11 (6-12)  12 (12-16) <0.001 (<0.001*; <0.001†; <0.001‡)
smoking; n (%)
current smokers  522 (27.9)  99 (25.7)  84 (16.5) <0.001 (0.001*; <0.001†; <0.001‡)
ex-smokers  369 (19.7)  49 (12.7) 132 (25.9)
never-smokers  983 (52.4) 237 (61.6) 293 (57.6)
Physical activity; n (%)
light  341 (18.2) 148 (38.4) 136 (26.7) <0.001 (<0.001*; <0.001†; <0.001‡)
moderate 1210 (64.6) 200 (51.9) 356 (69.9)
intensive  174 (9.3)  21 (5.5)   8 (1.6)
Body mass index (kg/m2); median (IQR)   26.8 (24.0-29.7)  28.0 (25.6-30.9)  27.2 (24.6-30.0) <0.001 (<0.001*;0.011†; 0.003‡)
Mdss; median (IQR)   10 (8-13)  12 (9-14)  11 (8-15) <0.001 (<0.001*; <0.001†; 0.401‡)
Mdss in 18-34.9 age group; median (IQR)    9.0 (7.0-11.0)  11.5 (6.8-13.3)  10.0 (8.0-14.0)  0.006 (0.242*;0.002†; 0.969‡)
Mdss in 35-64.9 age group; median (IQR)   10.0 (8.0-13.0)  11.0 (9.0-13.0)  11.0 (8.0-14.0) <0.001 (0.012*; <0.001†; 0.397‡)
Mdss in ≥65.0 age group; median (IQR)   11.0 (9.0-14.0)  13.0 (10.0-15.0)  13.0 (10.0-15.0) <0.001 (<0.001*;0.035†; 0.377‡)
Mdss components; n (%)
fruit  937 (50.0) 228 (59.2) 320 (62.9) <0.001 (0.001*; <0.001†; 0.268‡)
vegetables  521 (27.8) 127 (33.0) 216 (42.4) <0.001 (0.041*; <0.001†; 0.004‡)
cereals 1625 (86.7) 365 (94.8) 405 (79.6) <0.001 (<0.001*; <0.001†; <0.001‡)
potatoes 1229 (65.6) 334 (86.8) 462 (90.8) <0.001 (<0.001*; <0.001†; 0.066‡)
olive oil 1283 (68.5) 296 (76.9) 328 (64.4) <0.001 (0.001*; 0.085†; <0.001‡)
nuts   86 (4.6)  10 (2.6)  57 (11.2) <0.001 (0.078*; <0.001†; <0.001‡)
dairy products  339 (18.1)  84 (21.8) 106 (20.8)  0.132 (0.088*; 0.160†; 0.742‡)
legumes  412 (22.2)  78 (20.3) 122 (24.0)  0.406 (0.454*; 0.341†; 0.196‡)
eggs  462 (24.7)  80 (20.8) 134 (26.3)  0.148 (0.105*; 0.440†; 0.058‡)
fish 1161 (62.0) 252 (65.5) 286 (56.2)  0.013 (0.196*; 0.018†; 0.006‡)
white meat  758 (40.4) 136 (35.3) 185 (36.3)  0.069 (0.067*; 0.093†; 0.778‡)
red meat  548 (29.2) 127 (33.0) 201 (39.5) <0.001 (0.144*; <0.001†; 0.050‡)
sweets  597 (31.9) 105 (27.3) 164 (32.2)  0.185 (0.077*; 0.876†; 0.122‡)
wine  315 (16.8) 125 (32.5) 136 (26.7) <0.001 (<0.001*; <0.001†; 0.064‡)
MDSS≥14 points; n (%)  352 (18.8) 123 (31.9) 160 (34.4) <0.001 (<0.001*; <0.001†; 0.885‡)
*Post-hoc test P values: Korčula vs Vis.
†Post-hoc test P values: Korčula vs split.
‡Post-hoc test P values: Vis vs split.
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tABle 2. Participants’ demographic characteristics and prevalence of compliance with 14 Mediterranean diet serving score (Mdss) 
components and overall good Mediterranean diet adherence (Mdss≥14 points), according to the age group

Age groups

18-34.9 years
(n = 372)

35-64.9 years
(n = 1617)

65 and more
(n = 779)

Overall P 
(post-hoc test P values)

sex; n (%)
men 149 (40.1)  571 (35.3) 319 (40.9)  0.016 (0.086*;0.772†; 0.007‡)
women 223 (59.9) 1046 (64.7) 460 (59.1)
Years of schooling; median (interquartile range, IQR)  12.0 (11.0-15.0)   12.0 (11.0-13.0)  11.0 (6.0-12.0) <0.001 (<0.001*; <0.001†; <0.001‡)
smoking; n (%)
current smokers 163 (45.4)  478 (32.4)  64 (9.2) <0.001 (<0.001*; <0.001†; <0.001‡)
never-smokers and ex-smokers 209 (54.6) 1139 (67.6) 715 (90.8)
Physical activity; n (%)
light  85 (23.3)  284 (18.7) 256 (36.1) <0.001 (0.130*; <0.001†; <0.001‡)
moderate 252 (69.0) 1102 (72.5) 412 (58.0)
intensive  28 (7.7)  133 (8.8)  42 (5.9)
MDSS; median (IQR)  9.0 (7.0-11.0)   11.0 (8.0-13.0)  12.0 (9.0-14.0) <0.001 (<0.001*; <0.001†; <0.001‡)
Mdss components; n (%)
fruit consumption 132 (35.5)  863 (53.4) 490 (62.9) <0.001 (<0.001*; <0.001†; <0.001‡)
vegetables  95 (25.5)  471 (29.1) 298 (38.3) <0.001 (0.166*; <0.001†; <0.001‡)
cereals 316 (84.9) 1403 (86.8) 676 (86.8)  0.632 (0.356*; 0.400†; 0.993‡)
potatoes 314 (84.4) 1195 (73.9) 516 (66.2) <0.001 (<0.001*; <0.001†; <0.001‡)
olive oil 193 (51.9) 1082 (66.9) 632 (81.1) <0.001 (<0.001*; <0.001†; <0.001‡)
nuts  19 (5.1)   88 (5.4)  46 (5.9)  0.835 (0.796*; 0.584†; 0.644‡)
dairy products  78 (21.0)  308 (19.0) 143 (18.4)  0.571 (0.398*; 0.293†; 0.685‡)
legumes  80 (21.5)  320 (19.8) 212 (27.2) <0.001 (0.473*; 0.037†; <0.001‡)
eggs 115 (30.9)  416 (25.7) 145 (18.6) <0.001(0.041*; <0.001†; <0.001‡)
fish 185 (49.7)  978 (60.5) 536 (68.8) <0.001 (<0.001*; <0.001†; <0.001‡)
white meat 150 (40.3)  618 (38.2) 311 (39.9)  0.617 (0.452*; 0.897†; 0.423‡)
red meat  93 (25.0)  493 (30.5) 290 (37.2) <0.001 (0.037*; <0.001†; 0.001‡)
sweets  74 (19.9)  493 (30.5) 299 (38.4) <0.001 (<0.001*; <0.001†; <0.001‡)
wine  45 (12.1)  327 (20.2) 204 (26.2) <0.001 (<0.001*; <0.001†; 0.001‡)
MDSS≥14 points; n (%)  46 (12.4)  324 (20.0) 265 (34.0) <0.001 (0.001*; <0.001†; <0.001‡)
*Post-hoc test P values: 18-34.9 years vs 35–64.9 years.
†Post-hoc test P values: 18-35 years vs ≥65 years.
‡Post-hoc test P values: 34.9-64.9 years vs ≥65 years.

FIGuRe 1. Prevalence of compliance with 14 Mediterranean diet serving score (Mdss) components and overall good Mediterranean 
diet adherence (Mdss≥14 points), according to sex and age groups (significant differences at the level of P < 0.05 between age 
groups are denoted with asterisk; χ2 test).
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not differ from those from Split (Table 1). This difference 
was observed across all three age groups, with the excep-
tion for the youngest age group, where participants from 
Korčula did not differ from participants from Vis (Table 1). 
There was a wide range of variability in the compliance 
with the MDSS components, from only 3% of participants 
meeting the requirements for nuts consumption on Vis, 
to as much as 95% for cereals (Table 1). Overall, low per-
centages of participants met some of the MDSS compo-
nents criteria; only 28% of participants from Korčula ad-
hered to the daily vegetable consumption requirement, 
33% from Vis, and 42% from Split. MDSS recommenda-
tions for dairy products, legumes, eggs, and wine con-
sumption were met by 17%-26% of the participants, while 
those for meat and sweets were met by 29%-40% of the 
participants (Table 1). In total, 635 (22.9%) participants re-
ported a dietary pattern adherent to the Mediterranean 
diet pattern according to the MDSS criteria. Participants 
from Vis displayed less difference from participants from 
Split than from participants from Korčula regarding the 
adherence to the MDSS components (Table 1). The preva-
lence of compliance to the guidelines for sweets, white 

meat, eggs, legumes, and dairy products did not exhibit 
difference across three subgroups according to the place 
of residence (Table 1).

Breakdown by sex and age suggested somewhat better 
indices in women and older age group, with only one sig-
nificant result: good compliance to the Mediterranean diet 
differed according to age groups only in women (P = 0.024) 
(Figure 1).

Breakdown into three groups according to the participant’s 
age revealed higher MDSS scores in the elderly group, with 
a significant difference between all three age groups (all 
P < 0.001) (Table 2). Correlation between age and MDSS 
score was also significant in the whole sample (ρ = 0.256, 
P < 0.001; data not shown), as well as in the subgroups ac-
cording to the place of residence (ρ = 0.243, P < 0.001 in 
Korčula; ρ = 0.276, P < 0.001 in Vis; ρ = 0.189, P < 0.001 in 
Split). Education (years of schooling) was not correlated 
with the MDSS score (ρ = -0.006, P = 0.736 in the whole 
sample; ρ = -0.045, P = 0.057 in Korčula; ρ = -0.045, P = 0.387 
in Vis; ρ = 0.113, P = 0.011 in Split).

tABle 3. Characteristics associated with good adherence to the Mediterranean diet (Mdss≥14 points) using the multivariate logistic 
regression analysis*

unadjusted odds ratio
(95% confidence interval); P

Adjusted odds ratio
(95% confidence interval); P

sex
women (Ref.) 1.00 1.00
men 0.62 (0.51-0.75); <0.001 0.52 (0.42-0.65); <0.001
Age
65 and more (Ref.) 1.00 1.00
35-65 0.49 (0.40-0.59); <0.001 0.44 (0.35-0.56); <0.001
18-35 0.27 (0.19-0.39); <0.001 0.30 (0.20-0.45); <0.001
Place of residence
Korčula 1.00 1.00
Split 1.98 (1.59-2.47); <0.001 1.67 (1.28-2.19); <0.001
Vis 2.03 (1.59-2.59); <0.001 1.99 (1.50-2.64); <0.001
Years of schooling
13 or more 1.00 1.00
under 8 1.04 (0.77-1.40); 0.788 0.57 (0.39-0.83); 0.003
8-10 0.80 (0.59-1.08); 0.140 0.70 (0.49-0.99); 0.045
11-12 0.56 (0.45-0.69); <0.001 0.61 (0.48-0.79); <0.001
smoking
non-smokers and ex-smokers 1.00 1.00
smokers 0.61 (0.49-0.77); <0.001 0.77 (0.60-0.99); 0.045
Physical activity
intensive 1.00 1.00
light 1.17 (0.80-1.70); 0.420 0.61 (0.40-0.93); 0.021
moderate 0.98 (0.69-1.40); 0.934 0.71 (0.48-1.04); 0.080
*Mdss – Mediterranean diet serving score.
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Only 12% of participants from the youngest group met the 
MDSS cut-off criterion, while the corresponding figure in 
the oldest age group was 34% (Table 2). White meat, dairy 
products, nuts, and cereals were the only MDSS compo-
nents that did not exhibit difference in compliance across 
three age groups (Table 2).

Logistic regression analysis revealed several variables to 
be strongly associated with the good adherence to the 
Mediterranean diet (MDSS≥14 points). For instance, men 
had lesser odds of showing good compliance compared 
to women (OR 0.52, 95% CI 0.42-0.65, P < 0.001), while the 
youngest age group had 70% lesser odds compared to the 
oldest participants (OR 0.30, 95% CI 0.20-0.45, P < 0.001) 
(Table 3). Both the participants from Vis and those from 
Split showed greater odds for good adherence to the Med-
iterranean diet (OR 1.99, 95% CI 1.50-2.64, P < 0.001 and OR 
1.67, 95% CI 1.28-2.19, P < 0.001, respectively) (Table 3). 
Physical activity, lower education, and smoking were mar-
ginal predictors or lacked significance (Table 3). The regres-
sion model yielded good data fit (Hosmer and Lemeshow 
P = 0.225, Nagelke R2 = 0.101).

dIsCussIOn

This study revealed rather unsatisfactory Mediterranean 
diet consumption in southern Croatia. The median MDSS 
score was as low as 10 out of maximum 24 points among 
participants from Korčula, 11 among those from Split, and 
12 among those from Vis. A similar study performed in 
Spain reported an average MDSS score among women 
of 12.5 ± 2.7 (20). The percentage of participants who ad-
hered to the Mediterranean diet in our study was compa-
rable to or lower than figures obtained in other Mediterra-
nean countries, eg, 32% in Greece (29) and 18% in Italy (30). 
However, it is not possible to make any in-depth compari-
sons between these studies and our results due to meth-
odological differences and the differences in the definition 
of the Mediterranean diet adherence (17). However, the 
majority of the studies do report a rather low percentage 
of people whose dietary pattern resembles the Mediterra-
nean diet, especially in the youngest generations (30-33).

The required high intake of vegetables (≥2 servings/main 
meal) was poorly met in this study, especially among par-
ticipants from Korčula (28%), younger people (26%), and 
men (as low as 19% in the middle age group). Although 
rather low, these percentages surpass those from Spain, 
where only 11% of women met the same criterion (20). This 
suggests that this is a very restrictive criterion, although it 

is one of the most important ones according to the recent 
scientific evidence on the health benefits of the plant-
based diet compared to the meat-based diets (34,35).

Fruit consumption showed overall better results, with the 
lowest consumption among the youngest men (29%) and 
the highest among the oldest women (70%). Olive oil in-
take was commonly reported, but slightly less commonly 
than in Spain (20). Satisfactory fish consumption was gen-
erally present in more than 50% of the participants, with 
the highest proportion recorded among elderly men (71%) 
and the lowest among youngest women (47%).

The worst result for a particular component was recorded 
for nuts consumption, where as little as 3% of people from 
Vis reported eating nuts every day, and the situation was 
not much better among the participants from Korčula (5%) 
and Split (11%). This is particularly unfortunate because a 
recent field trial showed that daily consumption of mixed 
nuts (30 g/d) reduced the incidence of major cardiovascu-
lar events by 28% in people at high cardiovascular risk, but 
with no cardiovascular disease and after a median follow-
up of 4.8 years (16). Also, an observational study showed 
a 47% reduction in all-cause mortality and 36% reduction 
in cancer deaths in people who ate nuts ≥8 times/month, 
compared to those who never ate nuts during a median 
follow-up of 4.3 years (36). Additionally, consumption of 
nuts was also shown to be protective against cognitive de-
cline in elderly people (37), or even to improve cognitive 
function (7).

A better compliance with the overall Mediterranean diet, 
as well as with the majority of the MDSS components, was 
recorded among the oldest participants, especially wom-
en, even though without reaching statistical significance, 
which is in line with many previous studies (20,38,39). Par-
ticipants from Vis had the highest prevalence of compliance 
to MDSS components and overall the highest prevalence 
of Mediterranean diet adherence (MDSS≥14 points). After 
stratification according to age groups, participants from 
Korčula showed the poorest compliance, while participants 
from Vis and Split showed a similar dietary pattern.

Earlier studies from Croatian islands also revealed a worri-
some pattern of dietary habits, with a predominant shift to-
ward higher consumption of meat, pasta, and cakes (23). A 
study from the coastal region of Adriatic Sea yielded even 
more devastating results; only 2.4% of the general popu-
lation in urban areas and 3.4% in rural areas ate Med-
iterranean diet defined as “daily intake of fruits and 
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vegetables, brown bread and whole grains, using olive oil 
as the main source of fat, consumption of fish and mod-
erate wine drinking with meals” (40). This departure from 
the traditional diet, as well as other lifestyle factors, such as 
high prevalence of smoking in both island populations and 
overall lower levels of physical activity, as demonstrated in 
this study, might as well be responsible for the observed 
high burden of overweight and hypertension (41), hyperli-
pidemia (24), type 2 diabetes (42), and metabolic syndrome 
(43) in the Mediterranean region of Croatia. This detrimental 
situation is also reflected in the concurrent mortality pat-
terns (unpublished data, Rehberg J et al, 2016).

Limitations of this study include the use of the convenient 
sampling approach, possible recall bias, and a slightly dif-
ferent food frequency questionnaire from the one used in 
the study that proposed the MDSS score (20). A number of 
other possible confounders were omitted, but we applied 
a validated and simple tool to assess the compliance with 
the Mediterranean diet, which enables wider-scale inter-
national comparisons. One of the confounding factors not 
taken into account is the morbidity pattern, especially age-
related diseases, which could have affected dietary habits 
as well as the adherence to the Mediterranean diet. Given 
the high prevalence of chronic diseases in the investigated 
population (41-43), it would be expected that people, es-
pecially elderly persons, would show greater adherence to 
the healthy Mediterranean diet as a form of both preven-
tive measure and treatment, but in the oldest group we 
demonstrated the prevalence of good Mediterranean diet 
adherence of only 34%.

This study suggests a diminishing adherence to the tra-
ditional Mediterranean diet and lifestyle, especially in the 
younger generations, which needs to be considered as a 
public health priority and reversed not only for the pop-
ulation health benefits, but also as a part of the cultural 
heritage safe-keeping. In addition, adherence to the Medi-
terranean diet has much more favorable environmental 
footprint (44), which is of utmost importance in small and 
fragile habitats, such as the remote islands.
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Caroline Hayward 6, Ozren Polašek 1,7 and Ivana Kolčić 1,7,*
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Salvatore, F.P.; Vatavuk, M.;
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Abstract: The Mediterranean diet (MD) is one of the most healthful dietary patterns, beneficial
for humans and the environment. However, the MD has recently exhibited a declining trend,
especially in younger and less affluent people. This study investigated the association between
socioeconomic indicators and adherence to the MD in 4671 adult subjects from Dalmatia, Croatia
(age range 18–98 years; 61.9% were women). Additionally, in the follow-up we examined the change
in adherence to the MD and in BMI (subsample, N = 1342; 62.5% were women; mean follow-up time
of 5.8 years). The adherence to the MD was based on the Mediterranean Diet Serving Score (range
0–24 points, cut-off value ≥ 14 points), with a prevalence in the overall sample of 28.5%. Higher
odds of adherence to the MD were recorded in women, older subjects, and those with higher level
of objective material status, while it was less likely in the period after economic crisis of 2007–2008.
Additionally, we detected no change in adherence to the MD in the follow-up subsample (−8.5%,
p = 0.056), but there was an increase in BMI (+6.5%, p < 0.001). We recorded an increase in adherence
for nuts (+127.5%), sweets (+112.6%), red meat (+56.4%), and wine (+50.0%), unlike the reduction
in adherence for vegetables (−35.1%), fish (−23.4%), white meat (−11.6%), cereals (−10.9%), and
dairy products (−9.6%). Similar results were obtained across all quartiles of objective material status.
Over time, the absolute change in the MD score was positively associated with female gender, age,
higher education, and moderate physical activity, but it was negatively associated with adherence to
the MD at baseline. BMI change was positively associated with female gender, and negatively with
initial BMI, initial adherence to the MD, and MD change. Our findings point towards a less than
ideal adherence to the MD in the general population of southern Croatia, and identify important
characteristics associated with adherence change over time, informing necessary interventions aimed
at increasing MD uptake.

Keywords: Mediterranean diet; adherence; BMI; socioeconomic status

1. Introduction

Unhealthy lifestyle and unhealthy diet in particular are among the foremost public
health challenges, with as many as 11 million deaths globally being attributable to subopti-
mal diet in 2017 [1]. The leading global dietary risk factors for death and disability were
high sodium intake, low intake of whole grains, and low intake of fruits [1]. These are
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highly preventable risk factors that could be addressed by adopting scientifically proven
healthy diets at the population level.

One model of healthy eating that is particularly well described in the literature is the
Mediterranean diet (MD), which is especially healthful compared to a more westernized
dietary pattern [2]. MD is characterized by a high intake of plant-based foods, such as
daily intake of vegetables, fruit, whole grains, olive oil, nuts and seeds, and weekly intake
of dairy, fish and legumes, alongside frugal use of meat, eggs and sweets [3]. There is a
large body of evidence showing that adherence to the MD can preserve human health,
with the extra bonus of ensuring environmental sustainability [4,5]. The health benefits
of MD are numerous [6,7]. The most important positive effects include reduced all-cause
mortality [6,8,9], primary prevention of cardiovascular disease [10], lower cancer incidence
and mortality [6,11], reduced risk for development of type II diabetes [12–14], obesity and
metabolic syndrome [13]. Benefits of MD also include safeguarding of mental health, such
as better cognitive performance with higher adherence to the MD [15], reduced risk of
depression and cognitive impairment [16], lesser mental distress [17], and overall better
health-related quality of life [18,19]. Moreover, MD was even shown to be an efficient
treatment strategy for major depressive episodes [20].

Regardless of these and other health benefits of MD and other traditional diets, global
nutrition transition caused by modernization and increased incomes has resulted in de-
viation from traditional plant-based diets towards higher intake of animal-source food,
added sugar and vegetable oils [21]. An analysis of the supply of the most important food
components of the traditional MD in several Mediterranean countries has revealed that
these countries have experienced a process of Westernization during the period from 1961
to 2001, which was especially pronounced in the European countries of the Mediterranean
basin [22].

Major constitutional components of the MD, such as fruit, vegetables, olive oil and fish
are still present within the dietary pattern, but the discrepancies between Mediterranean
countries and regions have started to emerge more consistently [23]. For example, MD
decline was observed in Malta, unlike Sardinia, which was accredited to “modernity and
improved living conditions, enhanced commercial availability and increased diversity
of food preparation” [24]. However, an overall declining trend in adherence to the MD
has been previously demonstrated in many Mediterranean countries [25–27], especially
in younger generations [28–33]. On the other hand, some countries have experienced
an increase in adherence to the MD among adolescents, such as Israel, where increased
consumption of fruits, vegetables, cereals, dairy products, and decreased negative eating
behaviors were recorded in 2016 compared to 2003 [34].

Besides the greater convenience of a diet relying on processed foods and ready-to-eat
fast food, saving time and effort, these foods are also readily available in our modern
urbanized environments. They are appetizing and tasty, and they may be cheaper than
whole foods. Indeed, the question of a monetary cost behind the Mediterranean dietary
pattern has been previously investigated. Some of these previous studies have shown that
greater adherence to the MD was associated with a higher dietary cost [35–37], especially
if it is compared to a Western dietary pattern [38]. Therefore, it is not surprising to
consistently find that the lowest-income households had the lowest adherence to the MD
and the highest obesity prevalence [39]. However, it was shown that a higher educational
status could exhibit a mitigating effect on poorer diet in lower income countries [40]. These
findings demonstrate a complex interplay between different socio-economic determinants
and dietary habits.

Furthermore, since we can define socio-economic status (SES) by using several charac-
teristics, it may be challenging to disentangle the main SES contributor to various health
outcomes. SES characteristics include objective indicators, such as attained level of educa-
tion, profession, employment/unemployment status, income, and the subjective perception
of one’s wealth compared to other people within the same community. Despite this com-
plexity, the impact of SES on dietary pattern is undeniably important. This effect was
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summarized nicely in a recent paper stating that people “who are better off consume
healthier diets than those less well-to-do” [41]. Unfortunately, a clear link between low
SES, poor health and obesity was also recognized [41], making it a double priority in terms
of the need for effective public health interventions and more broader political, economic
and societal interventions against inequalities. In this context, the MD and the overall
Mediterranean lifestyle could lend itself “as the most appropriate regime for disease pre-
vention, a sort of complete lifestyle plan for the pursuit of healthcare sustainability” [41].
Indeed, it was consistently shown that people more adherent to the MD had more favorable
anthropometric indicators. For example, a large cohort study with a mean of 12 years of
follow-up showed that people with high adherence to the MD had a lower risk of becoming
overweight/obese, experienced lesser 5-year change in waist circumference, and had lower
5-year weight change in the case of normal weight at baseline [42]. Additionally, MD
was found to be more effective in long-term weight loss (over two years of follow-up) in
patients with metabolic syndrome than a prudent control diet [43]. It was also found that
in older Mediterranean individuals with excess weight, those subjects who desired higher
weight loss actually had lower adherence to the MD and higher prevalence of obesity [44].
Hence, MD could serve as a good model for both keeping weight stable across life, and for
sustainable weight loss [45].

There is a paucity of studies investigating the trend in adherence to the MD in Croatia.
In general, based on geographical location and cultural heritage, the population of the
Adriatic region of Croatia is adherent to the MD and the Mediterranean lifestyle [46].
Additionally, Croatia was one of the countries that supported in the inclusion of MD on the
UNESCO’s Representative List of the Intangible Cultural Heritage of Humanity [47]. How-
ever, the role of different socio-economic characteristics in the MD pattern and BMI change
in Croatia has been only marginally investigated. It was previously shown that a lower ed-
ucation level was associated with lower adherence to the MD in the population of southern
Croatia, while the overall prevalence of adherence to the MD was also rather low [31]. On
the other hand, Croatia is heavily encumbered with non-communicable diseases [48], and
ranks high among the leading countries in Europe regarding the prevalence of overweight
and obesity, with 58% of the adult population being affected [49]. This undesirable trend is
present even in young children, with as many as 35.9% of 7–9 year-olds being overweight
or obese [50]. Therefore, our aim was to estimate the temporal trend in adherence to the
MD and the contribution of several socio-economic factors in the changing pattern of the
MD and BMI in a follow-up study including a large sample from Dalmatia, Croatia.

2. Materials and Methods
2.1. Study Participants

This study included 4988 subjects, between 18 and 98 years old, from several settle-
ments in Dalmatia, Croatia, upon their initial enrolment within the “10,001 Dalmatians”
study [51], while the follow-up data were available for 1342 subjects. The main objective of
the “10,001 Dalmatians” study was to explore genetic and environmental risk factors by
creating a biobank in the isolated populations of the Adriatic islands.

Chronologically, the initial field study was performed during 2003 and 2004 on the
Island of Vis (N = 1029). An additional 969 subjects were enrolled from the Island of Korčula
in 2007 (the Town of Korčula and surrounding settlements), followed by 1012 subjects from
the City of Split in 2008–2009. Finally, 857 subjects were included in 2013 from the villages
of Smokvica and Čara, situated in the central part of the Island of Korčula, and 1121 subjects
were included during 2014–2015 from the towns of Blato and Vela Luka on the western
part of the Island of Korčula.

The initial population-based convenient sampling approach employed personal in-
vitations by general practitioners, postal invitations, local media and support from other
local stakeholders, namely local governments and priests. Only subjects older than 18
were eligible to participate in the study, without any other restrictions or exclusion criteria.
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After being formally informed of the study objectives, subjects signed the informed consent
before the enrolment.

The field-based follow-up data collection was performed in 2011 for the subjects from
the Island of Vis (N = 482, response rate 46.8%, mean follow-up of 7.5 years). In 2013
we collected follow-up data for the subjects from the Town of Korčula who were initially
included in 2007 (N = 366; 37.8%; mean follow-up of 5.3 years), and in 2012–2013 for the
subjects from the City of Split (N = 494; 48.8%, mean follow-up of 4.4 years). The main
reason for the different follow-up times between study sites is the use of an open cohort
sampling approach; this inevitably led to a different amount of time that each participant
could be followed for. Subjects from Smokvica, Čara, Blato and Vela Luka (N = 1978) were
not included in the follow-up due to their initial inclusion in 2013–2015, after which no
additional data collections were done within the “10,001 Dalmatians” study.

The study was approved by the Ethical Committee of the University of Split School of
Medicine.

2.2. Data Collection and Measurements

Trained nurses and medical doctors performed anthropometric measurements and col-
lected clinically relevant information using the standard operating procedures at the newly
established study site in each location. Individual medical histories were taken, together
with an extensive self-administered questionnaire (including demographic characteristics,
detailed socioeconomic status, dietary habits, smoking habits, alcohol consumption, and
physical activity). Elderly people and those with any disabilities were offered assistance
during surveying by a team of nine trained surveyors.

Medical records or subjects’ responses were used to extract relevant medical history
information, including previous diagnoses and the usage of medications for hyperten-
sion, diabetes, coronary heart disease (CHD), cerebrovascular insult (CVI), cancer, bipolar
disorder, hyperlipidemia and gout.

2.3. Socioeconomic Status

Socioeconomic status was assessed during the initial data collection using three deter-
minants: education, subjective material status, and objective material status. Education
was categorized into three groups in order to correspond to the Croatian educational
system [52]. The three groups were constructed according to the number of completed
years of schooling, which corresponded to primary education (≤8 years of schooling), sec-
ondary (high school level with 9–12 years of schooling), and higher education (≥13 years).
Only 17 subjects reported being students during the initial data collection, and they were
automatically included in the higher education group of education.

Subjective material status was assessed based on the participant’s perception of
her/his material status in comparison to other people in their community. Possible re-
sponses on this question were ‘much worse than the average’, ‘somewhat worse than the
average’, ‘the same as others’, ‘better than the average’, ‘much better than the average’.
These responses were grouped into three categories for easier interpretation: worse than
average (responses ‘much worse than average’ and ‘somewhat worse than average’), aver-
age (‘the same as others’), and better than average (including answers ‘better than average’
and ‘much better than average’).

Assessment of objective material status was obtained based on the possession of
16 material items or goods, including heating system, wooden floors, video/DVD recorder,
telephone, computer, two TVs, freezer, dishwasher, water supply system, flushing toilet,
bathroom, library with more than 100 books, paintings or other art, a car, vacation house
or second apartment, and boat, as in our previous study [53]. The sum of those items in
the subject’s possession indicated the wealth of the subject. Based on the distribution of
these wealth scores, quartiles of objective material status were formed: the first quartile
with values ≤ 8, second quartile with 9–10, third quartile with 11–12, and fourth quartile
with values 13–16, as in our previous study [52].
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Formal income was not taken into account due to the long period of observation
included in this study (from 2003–2015), during which many economic and social changes
happened in Croatia, including the financial crisis of 2007–2008. In order to take this
into account in our analysis, we have introduced the variable for the recession period
(before/after), denoting it as having started in our target population after 2008 (and
including subsequent years).

2.4. Mediterranean Diet Assessment

Assessment of the Mediterranean dietary pattern was based on the food frequency
questionnaire (FFQ), which was adjusted for application in the population of Dalmatia.
There were 55 questions on commonly consumed foods, with 6 possible responses (every
day, 2–3 times a week, once a week, once a month, rarely, and never), investigating the
frequency of consumption of olive oil and other fats, milk and dairy products, vegetables,
fruits, nuts, legumes, various meats, fish and sea foods, eggs, sweets, potatoes, rice, pasta,
and bread [31,52]. Mediterranean diet adherence was assessed using the Mediterranean
Diet Serving Score (MDSS), which incorporates 14 typical food groups representing the
modern MD pyramid: fruit, vegetables, cereals, potatoes, olive oil, nuts, dairy products,
legumes, eggs, fish, white meat, red meat, sweets, and fermented beverages—namely
wine [54]. MDSS and adherence to the MD were calculated as described previously [31,52],
and subjects were classified as adherent to the MD in case they had reached ≥14 points
(the range was 0–24 points, with no negative points). MDSS requires a daily intake of
vegetables, fruit, olive oil, and cereals (intake of each group is awarded with three points
for two or more servings a day). Daily intake is encouraged for nuts and dairy products
(each group is awarded with two points for one or more servings a day), and for wine
(one or two glasses per day, awarded with one point) [54]. The remaining food groups are
awarded with one point. Namely, red meat and sweets should be among the less frequently
eaten foods (two or less servings per week), while potatoes, legumes, eggs, fish, and white
meat should be consumed weekly. This questionnaire was also validated for use in the
Croatian population in the short form [55].

We have excluded 317 subjects from the analysis due to missing values in the FFQ and
the inability to calculate the MDSS at baseline.

2.5. Lifestyle Characteristics

Besides diet and socioeconomic factors, we assessed other lifestyle indicators, such
as smoking and physical activity. According to smoking status, we divided subjects into
current smokers, ex-smokers (those who reported they ceased smoking more than a year
ago), and those who had never smoked. Assessment of physical activity included activity
during both the working part of the day and the leisure part of the day. Those subjects
who reported hard intensity labour or other high-intensity activity during either part of
the day were considered as intensively physically active. Subjects who reported moderate
intensity of physical activity in either part of the day were considered moderately active,
while all others reporting either sitting or light physical activity in both parts of the day
were considered as having light physical activity.

Additionally, body mass index (BMI) was calculated using measured height and
weight. BMI was divided into three categories, representing subjects with normal body
weight (from 18.5 to 24.9 kg/m2), overweight (25.0 to 29.9 kg/m2), and obese subjects
(≥30.00 kg/m2).

2.6. Statistical Analysis

All categorical variables were described using absolute numbers and percentages.
All numerical variables were described using median and interquartile range (IQR), due
to non-normal distribution, which was tested using the Kolmogorov–Smirnov test. The
χ2 test was used to examine the differences between groups for categorical variables
and Kruskal–Wallis for numerical variables. We additionally investigated the differences
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between included subgroups; Mann–Whitney U test was used for pairwise comparison of
numerical variables and χ2 for categorical variables.

Univariate and multivariate logistic regression analysis (enter method) were used to
assess the association between three SES characteristics (education level, subjective material
status, objective material status) and overall adherence to the MD (MDSS ≥ 14 points) at
baseline. Additionally, multivariate logistic regression analysis was used for assessing
predictors for adherence for each of the 14 MD food groups within the MDSS scoring
system. All multivariate models included age, sex, place of residence, number of chronic
diseases diagnosed previously, smoking, physical activity, and BMI as confounding factors.
There were only 53 subjects in the baseline sample with BMI less than 18.5 kg/m2, and we
have excluded them from the regression analysis due to the small sample size of the group.
Additionally, in order to control for the potential confounding effects of the recession of
2007–2008, we included a variable denoting the time period of data collection as being
either before or after the recession period in all of the regression models. All of the included
covariates were entered as categorical variables to enable easier interpretation of the results.
Odds ratios (OR) and 95% confidence intervals (CI) were provided for both univariate and
multivariate logistic regression models. Correlations between the three variables describing
socioeconomic status were tested using the Spearman rank test, before using them together
in logistic regression models; none of the Spearman’s rho values were higher than 0.401.

Linear regression models were used to assess the association between absolute change
in MDSS and BMI across the follow-up period with different subjects’ characteristics.
The main predictor variables were again the three SES characteristics (education level,
subjective material status, and objective material status), and the models also included
important confounding variables: age, follow-up time, sex, place of residence, number of
chronic diseases diagnosed previously, smoking, physical activity, BMI at baseline, and
MDSS at baseline. Additionally, the model with BMI change during the follow-up as
an outcome variable also included the MDSS absolute change during the follow-up as
a covariate.

The change in the prevalence of the adherence to the MD and each of the MDSS food
groups between baseline (t0) and the follow-up time period (t1) was assessed by calculating
the percent change, using the following formula:

MD adherence (%)change =
MD adherence(%)t1

− MD adherence(%)t0

MD adherence(%)t0

∗ 100, (1)

Additionally, the absolute change in MDSS score and BMI between baseline (t0) and
the follow-up time period (t1) was calculated using the following formulas:

MDSSchange = MDSSt1 − MDSSt0 (2)

BMIchange = BMIt1 − BMIt0 (3)

The Wilcoxon signed-rank test and McNemar test were used to compare the differences
between paired data for repeated measurements (baseline vs. follow-up).

The significance level was set at p < 0.05. All statistical analyses were carried out using
IBM SPSS Statistics v21 (IBM, Armonk, NY, USA).

3. Results

The analysis included 4671 subjects in total (Table 1). Subjects from the Island of Vis
were on average older, less educated, and had the highest average BMI (median of 27.08;
IQR 6.05). The median MD adherence score (MDSS) was the lowest in subjects from the
Island of Korcula (11 out of 24 points; IQR 6), and it was slightly higher in both subjects
from the City of Split and the Island of Vis (median 12; IQR 5). Significant differences in
median MDSS score were also recorded between settlements and according to age groups
(Table 1). A wide range of adherence to MDSS components was present, ranging from as
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low as 2.7% for nuts in subjects from Vis, and up to 97.4% adherence for cereals in the same
group (Table 1).

Table 1. Demographic characteristics and adherence to the MD (14 food components and overall adherence expressed as
MDSS ≥ 14 points), according to the place of residence in a total sample of 4671 subjects.

Island of Vis
N = 1012

Island of Korčula
N = 2651

City of Split
N = 1008

Overall p (Pairwise
Comparison p Values)

Sex; n (%)
0.011 (0.003 V-K,

0.168 V-S, 0.196 K-S)
Men 423 (41.8) 967 (36.5) 391 (38.8)

Women 589 (58.2) 1684 (63.5) 617 (61.2)

Age (years); median (IQR) 56.00 (24.00) 55.00 (23.25) 52.00 (21.00) <0.001 (<0.001 V-K,
<0.001 V-S, <0.001 K-S)

Education (years of
schooling); median (IQR) 11.00 (4.00) 12.00 (3.00) 12.00 (4.00) <0.001 (<0.001 V-K,

<0.001 V-S, <0.001 K-S)

Subjective material status;
median (IQR) 3.00 (0.00) 3.00 (1.00) 3.00 (1.00) <0.001 (<0.001 V-K,

<0.001 V-S, <0.001 K-S)

Objective material status;
median (IQR) 10.00 (5.00) 10.00 (3.00) 12.00 (3.00) <0.001 (<0.001 V-K,

<0.001 V-S, <0.001 K-S)

Body mass index (kg/m2);
median (IQR)

27.08 (6.05) 24.59 (5.94) 26.60 (5.63) <0.001 (<0.001 V-K,
0.024 V-S, <0.001 K-S)

Chronic diseases *; n (%)
<0.001 (0.011 V-K,

<0.001 V-S, <0.001 K-S)
None 542 (53.6) 1565 (59.0) 677 (67.2)

1 289 (28.6) 677 (25.5) 248 (24.6)
≥2 181 (17.9) 409 (15.4) 83 (8.2)

Smoking (pack years);
median (IQR) 0.00 (10.00) 0.00 (3.00) 0.00 (3.00) 0.004 (0.002 V-K,

0.007 V-S, 0.804 K-S)

Smoking; n (%)
<0.001 (0.001 V-K,

0.105 V-S, 0.005 K-S)
current smokers 288 (28.5) 741 (28.0) 266 (26.5)

ex-smokers 303 (30.0) 584 (22.2) 275 (27.4)
never-smokers 419 (41.5) 1306 (49.6) 464 (46.2)

Physical activity; n (%)
<0.001 (<0.001 V-K,

<0.001 V-S, <0.001 K-S)
light 264 (26.2) 537 (20.5) 358 (35.6)

moderate 580 (57.5) 1815 (69.2) 610 (60.7)
intensive 164 (16.3) 271 (10.3) 37 (3.7)

MDSS; median (IQR) 12.00 (5.00) 11.00 (6.00) 12.00 (5.00) <0.001 (<0.001 V-K,
0.554 V-S, 0.001 K-S)

MDSS according to age
group; median (IQR)

18.0–34.9 10.00 (5.00) 9.00 (5.00) 10.00 (5.00) 0.009 (0.004 V-K,
0.225 V-S, 0.068 K-S)

35.0–64.9 12.00 (5.00) 11.00 (6.00) 12.00 (5.00) 0.001 (0.004 V-K,
0.982 V-S, 0.003 K-S)

≥65.0 12.00 (5.00) 12.00 (6.00) 13.00 (5.00) <0.001 (0.009 V-K,
<0.001 V-S, <0.001 K-S)
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Table 1. Cont.

Island of Vis
N = 1012

Island of Korčula
N = 2651

City of Split
N = 1008

Overall p (Pairwise
Comparison p Values)

MDSS components
adherence; n (%)

fruit 596 (58.9) 1399 (52.8) 636 (63.1) <0.001 (0.001 V-K,
0.053 V-S, <0.001 K-S)

vegetables 439 (43.4) 980 (37.0) 418 (41.5) 0.001 (<0.001 V-K,
0.385 V-S, 0.012 K-S)

cereals 986 (97.4) 2367 (89.3) 929 (92.2) <0.001 (<0.001 V-K,
<0.001 V-S, 0.009 K-S)

olive oil 586 (57.9) 1835 (69.2) 643 (63.8) <0.001 (<0.001 V-K,
0.007 V-S, 0.002 K-S)

nuts 27 (2.7) 117 (4.4) 71 (7.0) <0.001 (0.015 V-K,
<0.001 V-S, 0.001 K-S)

dairy products 256 (25.3) 592 (22.3) 270 (26.8) 0.010 (0.057 V-K,
0.446 V-S, 0.005 K-S)

potatoes 686 (67.8) 1774 (66.9) 823 (81.6) <0.001 (0.617 V-K,
<0.001 V-S, <0.001 K-S)

legumes 326 (32.2) 714 (26.9) 252 (25.0) 0.001 (0.002 V-K,
<0.001 V-S, 0.236 K-S)

eggs 297 (29.3) 662 (25.0) 246 (24.4) 0.013 (0.007 V-K,
0.012 V-S, 0.723 K-S)

fish 838 (82.8) 1769 (66.7) 692 (68.7) <0.001 (<0.001 V-K,
<0.001 V-S, 0.269 K-S)

white meat 499 (49.3) 1077 (40.6) 381 (37.8) <0.001 (<0.001 V-K,
<0.001 V-S, 0.118 K-S)

red meat 261 (25.8) 700 (26.4) 248 (24.6) 0.537 (0.705 V-K,
0.539 V-S, 0.266 K-S)

sweets 181 (17.9) 808 (30.5) 168 (16.7) <0.001 (<0.001 V-K,
0.469 V-S, <0.001 K-S)

wine 204 (20.2) 459 (17.3) 177 (17.6) 0.124 (0.046 V-K,
0.136 V-S, 0.861 K-S)

Adherence to the MD
(MDSS ≥ 14 points); n (%) 315 (31.1) 711 (26.8) 306 (30.4) 0.012 (0.009 V-K,

0.708 V-S, 0.033 K-S)

Adherence to the MD
according to age group
(MDSS ≥ 14 points); n (%)

18.0–34.9 years 22 (20.0) 49 (12.3) 26 (14.8) 0.012 (0.026 V-K,
0.745 V-S, 0.070 K-S)

35.0–64.9 years 158 (29.3) 393 (25.4) 203 (30.5)
≥65.0 years 135 (37.2) 269 (38.4) 77 (46.1)

IQR—interquartile range; MDSS—Mediterranean Diet Serving Score; MD—Mediterranean diet; p values for categorical variables were
obtained with the chi-squared test, and for numerical variables with the Kruskal–Wallis test. Pairwise comparison p values for categorical
variables were obtained with the chi-squared test, and for numerical variables with Mann–Whitney U test. * chronic diseases included
any or more than one of the following diagnoses: hypertension, diabetes, CHD, CVI, cancer, bipolar disorder, hyperlipidemia and gout.
V-K Pairwise comparison p value: Island of Vis vs. Island of Korčula. V-S Pairwise comparison p value: Island of Vis vs. City of Split. K-S

Pairwise comparison p value: Island of Korčula vs. City of Split.
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Less than half of all of the subjects were compliant with the daily requirement for
vegetable intake (lowest on Korčula; 37.0%), while it was a little better for intake of fruit
(lowest on Korčula; 52.8%), and olive oil (lowest on Vis; 57.9%). Only 22.3% of subjects
from the Island of Korčula, 25.3% from the Island of Vis and 26.8% from the City of Split
adhered to the daily dairy products consumption requirement, which was similar for wine
(17.3–20.2%). Consistently, the best adherence was recorded for cereals, and the lowest
for nuts (Table 1). A total of 1332 subjects (28.5%) were considered as being adherent to
the MD pattern in the overall sample. The lowest prevalence was recorded for subjects
from the Island of Korčula (26.8%), followed by those from the City of Split (30.4%), and
the Island of Vis (31.1%). There was a significant difference in the prevalence of adherence
to the MD according to age groups and place of residence, and a significant result was
obtained for the comparison between subjects from Vis and Korčula (p = 0.026; Table 1).

Logistic regression analysis revealed several characteristics that were strongly associ-
ated with adherence to the MD throughout the entire sample (Table 2). Women presented
higher odds of adherence compared to men (OR = 1.85, 95% CI 1.58–2.17, p < 0.001), while
the oldest age group had 3.81-fold higher odds of adherence compared to the youngest
subjects (95% CI 2.83–5.12, p < 0.001; Table 2). In the fully adjusted model, subjects from the
Island of Korčula presented with higher odds of adherence compared to the subjects from
the City of Split (OR = 1.63, 95% CI 1.31–2.102, p < 0.001). Education level and subjective
material status were not associated with adherence to the MD in the adjusted model, unlike
objective material status. The wealthiest subjects according to the objective material status
(those in the fourth quartile of distribution) were almost twice as likely to be adherent to
the MD, compared to subjects in the lowest quartile (OR = 1.93, 95% CI 1.53–2.43, p < 0.001).
Subjects in the second and third quartile of objective material status also had greater odds
of being adherent to the MD (Table 2).

Table 2. Characteristics associated with adherence to the MD (MDSS ≥ 14 points) in the total sample (N = 4671), as
determined by the logistic regression analysis.

Unadjusted Odds Ratio
(95% Confidence Interval); p

Adjusted Odds Ratio
(95% Confidence Interval); p

Sex
Male; Ref. 1.00 1.00

Female 1.60 (1.39, 1.83); <0.001 1.85 (1.58, 2.17); <0.001

Age group
18–34.9; Ref. 1.00 1.00

35–64.9 2.29 (1.82, 2.88); <0.001 1.99 (1.54, 2.57); <0.001
≥65.0 3.89 (3.05, 4.97); <0.001 3.81 (2.83, 5.12); <0.001

Place of residence
City of Split; Ref. 1.00 1.00

Island of Vis 1.04 (0.86, 1.25); 0.708 1.04 (0.84, 1.29); 0.696
Island of Korčula 0.84 (0.72, 0.99); 0.033 1.63 (1.31, 2.02); <0.001

Education (Years of schooling)
elementary (0–8); Ref. 1.00 1.00

high school (9–12) 0.69 (0.78, 0.80); <0.001 0.93 (0.77, 1.14); 0.492
higher (13+) 0.94 (0.79, 1.12); 0.494 1.19 (0.95, 1.5); 0.130

Subjective material status
worse than average; Ref. 1.00 1.00

average 1.13 (0.92, 1.39); 0.250 1.14 (0.91, 1.44); 0.258
better than average 1.28 (1.03, 1.61); 0.028 1.16 (0.89, 1.51); 0.267
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Table 2. Cont.

Unadjusted Odds Ratio
(95% Confidence Interval); p

Adjusted Odds Ratio
(95% Confidence Interval); p

Objective material status
1st quartile; Ref. 1.00 1.00

2nd quartile 1.12 (0.94, 1.35); 0.216 1.38 (1.12, 1.70); 0.002
3rd quartile 0.98 (0.82, 1.17); 0.791 1.29 (1.04, 1.61); 0.020
4th quartile 1.52 (1.27, 1.83); <0.001 1.93 (1.53, 2.43); <0.001

Chronic diseases *
≥2; Ref. 1.00 1.00

1 0.85 (0.69, 1.04); 0.107 0.93 (0.75, 1.17); 0.546
none 0.69 (0.57, 0.82); <0.001 0.93 (0.75, 1.16); 0.507

Smoking
current smokers; Ref. 1.00 1.00

ex-smokers 1.70 (1.41, 2.03); <0.001 1.40 (1.14, 1.71); 0.001
never-smokers 1.75 (1.49, 2.06); <0.001 1.36 (1.13, 1.63); 0.001

Physical activity
light; Ref. 1.00 1.00
moderate 1.24 (1.07, 1.45); 0.005 1.44 (1.21, 1.70); <0.001
intensive 1.16 (0.91, 1.48); 0.222 1.50 (1.15, 1.97); 0.003

Body mass index category #

18.0–24.9 (kg/m2); Ref. 1.00 1.00
25.0–29.9 (kg/m2) 0.92 (0.79, 1.05); 0.218 0.98 (0.83, 1.16); 0.834

≥30.0 (kg/m2) 0.79 (0.66, 0.95); 0.013 0.84 (0.68, 1.05); 0.123

The economic crisis of 2007–2008
before; Ref. 1.00 1.00

after 0.40 (0.35, 0.46); <0.001 0.31 (0.25, 0.38); <0.001
Adjusted odds ratios, 95% confidence intervals and p values were calculated using a multivariate logistic regression model simultaneously
adjusted for all the covariates listed in this table (enter method). * chronic diseases included any or more than one of the following
diagnoses: hypertension, diabetes, CHD, CVI, cancer, bipolar disorder, hyperlipidemia and gout; # 53 subjects with BMI < 18.5 kg/m2 were
excluded from the analysis due to small sample size of the group and negative impact on the model performance.

Subjects who never smoked and ex-smokers presented with higher odds of adherence
to the MD, compared to current smokers (OR = 1.36, 95% CI 1.13–1.63, p = 0.001; OR = 1.40,
95% CI 1.14–1.71, p = 0.001, respectively). Subjects with higher levels of physical activity
were also more likely to be adherent to the MD (Table 2). BMI and diagnosis of chronic
diseases were not associated with adherence to the MD. The study period was statistically
significantly associated with adherence to the MD, in a way that MD adherence was less
likely in the period after the recession (OR = 0.31, 95% CI 0.25–0.38, p < 0.001; Table 2).

The fully adjusted regression model yielded a good data fit (Hosmer and Lemeshow
p = 0.304; Nagelkerke R2 = 0.100).

Determinants of adherence to MD food components are shown in Supplemental Table
S1. Women were more likely to be adherent to the recommended intake of fruit, vegetables,
olive oil, nuts, diary, and red meat, but they were less likely to be adherent to the eggs and
wine intake MD recommendations compared to men (women most commonly abstained
from alcohol intake). Older subjects had higher odds for meeting the recommendations for
fruit, vegetables, cereals, olive oil, nuts, fish, red meat, sweets, and wine intake, but lower
odds for potatoes and eggs adherence compared to the youngest group of subjects. The
highest level of education was associated with lesser adherence to the MD guidelines for
intake of cereals, olive oil, legumes, fish, and white meat, in contrast to a higher adherence
to appropriate intake of dairy products, potatoes and red meat compared to subjects with
the lowest level of education (Supplemental Table S1). Subjective material status was
less associated with MD food components intake, unlike the objective material status.
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Compared to subjects in the lowest quartile of objective material status, subjects belonging
to higher quartiles presented with an increasing trend of compliance with fruit, vegetables,
olive oil, and fish intake recommendations, but also with a decreasing compliance for the
intake of red meat and sweets (Supplemental Table S1).

Obese subjects (BMI 30 ≥ kg/m2) were 34% more likely to adhere to recommendations
for sweets, but also 30% less likely to adhere to recommendations for cereals intake, and
42% less adherent for nuts.

The study period after the recession was associated with 68% decreased odds for ad-
herence to vegetables intake recommendations, 55% decreased odds for cereals adherence,
50% for fruit, 49% for fish, 47% for legumes, 36% for dairy products, 31% for potatoes, and
29% decreased odds for adherence to olive oil intake. On the other hand, we recorded 39%
increased odds for adherence to red meat and 23% increased adherence to sweets intake
recommendation after recession (Supplemental Table S1).

In order to assess the change in Mediterranean diet compliance over time, 1342 subjects
were included in the follow-up study. A breakdown by four quartiles of the objective ma-
terial status demonstrated significant changes in adherence for several MD food groups
across the follow-up period (Figure 1). A distinct pattern of change was recorded, with
the most prominent and significant decrease in adherence to the recommended intake
of vegetables, followed by a decrease in fish and cereals recommended intake across all
quartiles of objective material status (Figure 1). On the other hand, a significant increase
in adherence for nuts was reported across all quartiles of material status (corresponding
to increased intake), followed by an increase in sweets, potatoes and red meat (decreased
intake), wine, legumes, and eggs adherence (increased intake). The exception was adher-
ence to wine, legumes, and eggs recommendations in subjects within the lowest quartile
of the objective material status, where these results were not significant. Based on such
diverse results in individual MDSS food groups, the overall change in adherence to the
MD was insignificant in all of the quartiles of objective material status (Figure 1). A similar
result was obtained in the total group of subjects included in the follow-up, with a bor-
derline insignificant decrease in adherence to the MD (by 8.5%; from 36.6% of adherent
subjects at study baseline, to 33.5% in the follow-up; p = 0.056; Table 3). Furthermore, the
highest overall increase in adherence was recorded for nuts (127.5%), and sweets (112.6%),
followed by red meat (56.4%), and wine (50.0%). On the other hand, the most significant
decrease in adherence was recorded for vegetables (−35.1%), followed by fish (−23.4%),
white meat (−11.6%), cereals (−10.9%), and dairy products (−9.6%). At the same time, the
average BMI had increased from 25.76 kg/m2 at baseline of the study to 27.44 kg/m2 at
the follow-up time period (p < 0.001).

Linear regression analysis revealed several variables that were significantly associated
with the MDSS change during the follow-up period (Table 4). MDSS change was positively
associated with female gender (β = 0.41; 95% CI 0.00–0.83; p = 0.049), age (β = 0.05;
95% CI 0.03–0.06); p < 0.001), highest level of education (β = 0.71; 95% CI 0.07–1.36;
p = 0.031), and with moderate physical activity (β = 0.72; 95% CI 0.27–1.16; p = 0.002).
MDSS at baseline displayed a negative association with the MDSS change (β = −0.64; 95%
CI −0.70–−0.58; p < 0.001), while BMI at baseline, smoking, chronic diseases, place of
residence, objective and subjective material status were not associated with the absolute
change in the Mediterranean Diet Serving Score. The regression model yielded a good data
fit (Durbin–Watson = 1.994; Adjusted R2 = 0.280).
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Figure 1. Change in adherence to the MD food components and the overall MD (MDSS ≥ 14 points), expressed as a
percentage change from baseline to the follow-up, according to the objective material status category. Significant results at
the level of p < 0.05 are denoted with the full circle (green < 0.001, blue < 0.01, purple < 0.05, McNemar test).

Table 3. Adherence to 14 MD food groups and the overall MD (MDSS ≥ 14 points) at baseline and at the follow-up
(N = 1342; 366 subjects from Korčula, 494 from Split, and 482 subjects from Vis).

Baseline
N = 1342

Follow Up
N = 1342 Percent Change (%) p

Sex; n (%)
men 503 (37.5) - - -

women 839 (62.5)

Age (years); median (IQR) 55.00 (18.00) 62.01 (16.96) - -

Age group; n (%)

-18.0–34.99 127 (9.5) 58 (4.3) -
35.0–64.99 926 (69.0) 724 (53.9)

65+ 289 (21.5) 560 (41.7)

Body mass index (kg/m2); median (IQR) 25.76 (5.74) 27.44 (5.06) 6.5 <0.001

Adherence to the MD (MDSS ≥ 14 points); n (%) 491 (36.6) 449 (33.5) −8.5 0.056
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Table 3. Cont.

Baseline
N = 1342

Follow Up
N = 1342 Percent Change (%) p

MDSS components adherence; n (%)
fruit 868 (64.7) 848 (63.2) −2.3 0.341

vegetables 643 (47.9) 417 (31.1) −35.1 <0.001
cereals 1277 (95.2) 1138 (84.8) −10.9 <0.001

potatoes 985 (73.4) 1183 (88.2) 20.2 <0.001
olive oil 893 (66.5) 927 (69.1) 3.9 0.112

nuts 68 (5.1) 156 (11.6) 127.5 <0.001
dairy products 356 (26.5) 309 (23.0) −9.6 0.030

legumes 400 (29.8) 457 (34.1) 14.4 0.011
eggs 339 (25.3) 405 (30.2) 19.4 0.002
fish 1036 (77.2) 793 (59.1) −23.4 <0.001

white meat 556 (41.4) 487 (36.3) −11.6 0.005
red meat 347 (25.9) 544 (40.5) 56.4 <0.001

sweets 276 (20.6) 588 (43.8) 112.6 <0.001
wine 268 (20.0) 403 (30.0) 50.0 <0.001

MDSS—Mediterranean Diet Serving Score. MD—Mediterranean Diet. p values for categorical variables were obtained using McNemar test
and for numerical using Wilcoxon Signed-Ranks Test.

Table 4. Characteristics associated with the absolute change in the Mediterranean Diet Serving Score (MDSS) and the BMI
across the follow-up period, as determined by the linear regression model (sample size is 1342 subjects; all independent
variables were included in the model simultaneously).

MDSS Change during Follow-Up
Beta

(95% Confidence Interval); p

BMI Change during Follow-Up
Beta

(95% Confidence Interval); p

Sex
Male; Ref. 1.00 1.00

Female 0.41 (0.00, 0.83); 0.049 0.33 (0.06, 0.60); 0.016

Age at baseline (years) 0.05 (0.03, 0.06); <0.001 −0.01 (−0.02, 0.00); 0.192

Follow up time (years) 0.03 (−0.09, 0.16); 0.571 −0.07 (−0.15, 0.01); 0.099

Place of residence
City of Split; Ref. 1.00 1.00

Island of Vis 0.28 (−0.75, 1.32); 0.590 0.86 (0.18, 1.54); 0.013
Island of Korčula 0.00 (−0.81, 0.81); 0.992 3.68 (3.15, 4.21); <0.001

Education (years of schooling)
elementary (0–8); Ref. 1.00 1.00

high school (9–12) −0.11 (−0.67, 0.46); 0.708 −0.05 (−0.42, 0.32); 0.799
higher (13+) 0.71 (0.07, 1.36); 0.031 0.06 (−0.36, 0.48); 0.769

Subjective material status
worse than average; Ref. 1.00 1.00

average 0.05 (−0.59, 0.69); 0.872 0.15 (−0.26, 0.57); 0.468
better than average −0.01 (−0.72, 0.71); 0.982 0.11 (−0.36, 0.57); 0.655

Objective material status
1st quartile; Ref. 1.00 1.00

2nd quartile −0.14 (−0.71, 0.43); −0.637 0.07 (−0.30, 0.44); 0.724
3rd quartile 0.02 (−0.56, 0.59); 0.955 0.06 (−0.31, 0.44); 0.733
4th quartile −0.06 (−0.68, 0.56); 0.859 0.02 (−0.38, 0.42); 0.921
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Table 4. Cont.

MDSS Change during Follow-Up
Beta

(95% Confidence Interval); p

BMI Change during Follow-Up
Beta

(95% Confidence Interval); p

Chronic diseases *
≥2; Ref. 1.00 1.00

1 −0.23 (−0.91, 0.44); 0.497 0.24 (−0.19, 0.68); 0.276
none −0.02 (−0.68, 0.64); 0.946 0.26 (−0.17, 0.69); 0.240

Smoking
current smokers; Ref. 1.00 1.00

ex-smokers −0.20 (−0.74, 0.34); 0.468 −0.07 (−0.42, 0.28); 0.707
never-smokers 0.12 (−0.38, 0.62); 0.632 0.02 (−0.31, 0.34); 0.909

Physical activity
light; Ref. 1.00 1.00
moderate 0.72 (0.27, 1.16); 0.002 −0.02 (−0.31, 0.27); 0.887
intensive 0.69 (−0.02, 1.40); 0.057 0.23 (−0.24, 0.70); 0.331

BMI at baseline (kg/m2) −0.03 (−0.09, 0.02); 0.188 −0.11 (−0.14, −0.07); <0.001

MDSS at baseline −0.64 (−0.70, −0.58); <0.001 −0.07 (−0.12, −0.03); 0.001

MDSS change during follow-up - −0.04 (−0.07, 0.00); 0.041
* Chronic diseases included any or more than one of the following diagnoses: hypertension, diabetes, CHD, CVI, cancer, bipolar disorder,
hyperlipidemia and gout. MDSS—Mediterranean Diet Serving Score.

BMI change during the follow-up period was significantly associated with female
gender, place of residence, BMI at baseline, MDSS at baseline and MDSS absolute change
(Table 4). Women experienced higher odds for BMI increase compared to men (β = 0.33; 95%
CI 0.06–0.60; p = 0.016), the same as subjects from the Island of Vis and Korčula compared
to subjects from the City of Split (β = 0.86; 95% CI 0.18–1.54; p = 0.013, and β = 3.68; 95% CI
3.15–4.21; p < 0.001, respectively). BMI at baseline, MDSS at baseline, and MDSS change
during the follow-up were all significantly negatively associated with the BMI change
(β = −0.11; 95% CI −0.14–−0.07; p < 0.001, β = −0.07; 95% CI −0.12–−0.03; p = 0.001,
β = −0.04; 95% CI −0.07–0.00; p = 0.041, respectively), while none of the socio-economic
characteristics were associated with absolute BMI change. The regression model yielded
good data fit (Durbin–Watson = 1.972; Adjusted R2 = 0.354).

4. Discussion

Our results demonstrated a rather low prevalence of adherence to the MD over the
entire sample (28.5%), especially among younger individuals (14.0%). Subjects included
in the follow-up had a higher adherence to the MD at baseline (36.6%), with a borderline
insignificant decline at the end of the follow-up period (33.5%). On the other hand, BMI
had increased on average by 6.5% in subjects available for follow-up.

Our result for MD prevalence was within the expected range, compared to the results
from other Mediterranean countries and from Croatia. For example, findings from the
literature vary anywhere between 14% of adherent people in Northern Italy [56] to 45% in
Balearic Islands [57]. Our current study identified a slightly higher prevalence of adherence
to the MD compared to our previous results, when we identified 23% of subjects as adherent
to the MD [31]. This difference is due to a smaller sample and different period included in
the previous study [31].

Unfortunately, many Mediterranean societies are moving away from their traditional
dietary pattern, while some countries in Northern Europe and around the world are adopt-
ing a Mediterranean-like dietary pattern [25]. For example, previous studies have indicated
a persistent moderate-to-weak adherence to the MD across several southern European
countries, including Spain, Portugal, Italy, Greece, and Cyprus [58]. Some variations can
be expected, probably due to the applied methodological framework and different instru-
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ments used for assessing adherence to the MD [55]. For example, one study from Spain
showed a poor level of adherence to the MD in the general population and specific areas of
Spain [59], while another one showed moderate adherence [60]. Nevertheless, deflection
from a traditional MD diet and lifestyle represents a lost opportunity, not only from the
perspective of achieving less-than-ideal individual and population health, but also from
the perspective of environmental protection, possible degradation of sociocultural food
values, and loss of positive local economic returns [61]. Additionally, a higher prevalence
of adherence to the MD in the population can also serve as a safeguard from consumption
of ultra-processed foods [62]. This was shown even in very young children from Spain,
whose adherence to the traditional MD was inversely associated with energy intake from
ultra-processed foods [63].

Previous studies have demonstrated that individual and contextual socio-economic
factors are strong determinants of dietary habits and that poorer socio-economic groups
are less likely to follow a healthy lifestyle [64]. On the other hand, social position in terms
of education, occupational class, and income level represents a good predictor for healthy
eating behavior [65,66]. People with a higher educational status have been shown to have
a healthier consumption pattern [67]. Higher educational status was also associated with
better nutritional intakes in lower GDP countries, while lower-income countries and lower
education groups had poorer diets, particularly in terms of micronutrients intake [40].

The current economic and social European context—the increasing crisis, lack of
jobs, various challenges due to the COVID-19 pandemic and consequent fall in income
associated with cost inflation—could make people inclined to save money in all possible
ways. In this context, the most exposed are the disadvantaged groups because they prefer
buying food at low prices that are often of low quality [68]. Foods of lower nutritional value
and lower-quality diets generally cost less per calorie and tend to be selected by groups of
lower socioeconomic status [69]. On the other hand, people with low socio-economic status
do not obtain the same health outcomes as those with high socio-economic status, even
if both groups follow the same eating pattern [70]. Concretely, high adherence to the MD
was associated with cardiovascular protection in higher but not in lower socio-economic
groups from Italy, with a similar result observed for both education level and household
income groups [70].

In some European countries, it was demonstrated that socio-economic status could
modulate adherence to the MD [71,72]. For example, in a study carried out in the adult
population from the Balearic Islands, people with a higher educational and socio-economic
level showed higher rates of adherence to the Mediterranean pattern [57]. On the other
hand, adherence to the MD in the South of Italy was found to be at low levels due to poor
knowledge on MD concerning its beneficial effects [73], whereas social status in France
was important for healthy eating only through an interaction between level of education
and area of residence [64]. A similar association between education and MD was observed
in our previous study from Croatia, where less educated people had a reduced likelihood
of being adherent to the MD [31]. On the other hand, our current study did not corroborate
such a finding, probably due to the inclusion of additional socio-economic indicators in
the analysis (subjective and objective material status). Hence, we have identified only a
significant association between overall adherence to the MD and objective material status.
Subjects reporting the highest objective material status (fourth quartile) demonstrated a
93% higher probability of adhering to the MD than those belonging to the first quartile
of objective material status, with similar findings for subjects within the second and
third quartile groups (38% and 29%, respectively). This was in line with previous results,
where higher household income was positively associated with greater adherence to the
MD [39,74].

Interestingly, subjects with a higher educational attainment had a greater probability
for appropriate adherence to dairy products, potatoes, and red meat intake recommenda-
tions, but they exhibited lesser adherence to cereals, olive oil, legumes, fish, and white meat
intake recommendations. This represents a considerable departure from the traditional MD
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pattern. For example, Biesbroek et al. revealed that people with low education consumed
more potatoes, whereas highly educated people consumed more olive oil and fish [75].
Another study showed that highly educated people in Italy also consumed white meat
slightly less than in the past [56], while Bonaccio et al. had a similar conclusion for the
consumption of white meat, which was again opposite when it came to people with high
educational status and consumption of olive oil and fish [70]. Similarly, higher educational
status was shown to be positively associated with fish intake [76]. Other MD food com-
ponents were equally consumed by all educational groups in our sample, as previously
shown in another study by Bonaccio et al. [39].

In general, highly educated people have a higher income, and they tend to follow
MD recommendations [66]. This could be explained by the fact that greater adherence to
the Mediterranean diet was associated with higher dietary cost, which might represent a
barrier to healthy eating [35]. For instance, in a study including a representative national
sample of 3534 children and young people from Spain, researchers have found that high
adherence to the MD was more expensive than low adherence by 0.71 Euros per day [37].

Interestingly, we failed to find any association between subjective material status and
adherence to the MD, whereas objective material status presented as the most prominent
socio-economic indicator for overall adherence to the MD and for several food groups.
For example, subjects in the higher quartiles of material status had higher adherence to
fruit, vegetables, olive oil, and fish intake recommendations, but also lower adherence
to red meat and sweets intake. Interestingly, olive oil and fish intake had an opposing
contribution of educational level and material status to their adherence, such that lower
education and higher material status were both associated with greater adherence. This
could be explained by the fact that older, less educated people from Dalmatia, especially
from remote islands, still tend to produce their own olive oil, and they catch fish on their
own, which could be behind their higher intake of these foods (statement based on personal
communication with subjects included in the study).

Our results are largely in line with previous studies, which showed that female
gender and non-smokers [77–79], older adults [77,80,81], and more physically active people
displayed higher adherence to the MD pattern, while higher body mass index was generally
associated with lower adherence to the MD [78–80,82]. Our results partially replicated
such associations, as subjects with higher levels of physical activity had up to a 50% greater
probability of being adherent to the MD in comparison to the ones with light activity, while
BMI was not significantly associated with adherence to the MD in our overall sample. This
is in contrast to some previous findings [72,83,84], but in line with some studies [85,86].
These differences between previous results are probably due to the employed study design
(cross-sectional vs. longitudinal, observational vs. experimental design), and characteristics
of included subjects (primarily age and health status), leaving the association between
adherence to the MD and BMI a topic for further investigation and open discussion.

The effect of the economic crisis of 2007–2008 on the adherence to the MD was a
topic of several previous studies. For instance, it was found that adherence to the MD
was lower in subjects from Italy reporting a negative impact of the crisis on their diet [87].
Additionally, the prevalence of adherence to MD among southern Italian citizens enrolled
within the Moli-sani study was 31.3% during the 2005–2006 period, which dramatically fell
during 2007–2010 (18.3%), most strongly affecting elderly, less affluent people, and urban
areas dwellers [88]. Our results also revealed decreased odds for adherence to different
food groups, i.e., adherence odds for vegetables, cereals, fruit, fish, legumes, dairy products,
potatoes, and olive oil. On the other hand, odds of adherence to red meat and sweets
recommendations increased after the recession.

Similar findings were demonstrated in Portugal, where a significant decrease in
consumption of fish, fruit and vegetables was recorded from 2005/2006 to 2014 [29]. A
cross-sectional study from Greece showed that parents who reported that the financial
crisis affected their food spending also reported lower consumption of fruits, carbohydrate
foods, and legumes, and increased intake of nutrient-poor/energy-dense foods, while their
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children had reduced weekly consumption of vegetables and increased weekly consump-
tion of nutrient-poor/energy-dense foods [89]. These and other recent evidence show a
possible involvement of the economic crisis, and material resources as strong determi-
nants of adherence to the MD in the period after the recession started [90], given that a
direct positive association between the cost of the diet and adherence to the MD has been
established [36]. However, it is hard to distinguish the contribution of recession due to
the economic crisis from the impact of the steady process of westernization of traditional
dietary habits, including MD. For instance, it was noted by FAO that “the Mediterranean
region is passing through a ‘nutritional transition’ in which problems of undernutrition
coexist with overweight, obesity and food related chronic diseases” [91]. For example, an
ecological study of the changes in food patterns in Europe over the last 40 years revealed
that the greatest changes have occurred in Mediterranean Europe [92]. For instance, an
increase of 20% in total energy availability was noted, alongside with a 48% increase in
energy availability from lipids, and 20% decrease from carbohydrates, with a significant
fall in the energy supplied by cereals (30%) and wine (55%), while the contribution of
milk and dairy products increased by 78% and 24%, respectively [92]. For example, it was
estimated that the Spanish diet shifted away from the traditional MD, now containing
three times more meat, dairy and sugar products, and a third fewer fruits, vegetables, and
cereals [93]. In our sample available for follow-up, we have detected similar deviations.
For example, to our great dismay, vegetables adherence was reduced by 35%, followed by a
reduction in fish adherence by 23%, white meat by 12%, cereals by 11%, and dairy products
by 10%, while fruit adherence was reduced by only 2%. However, we did record a few
positive trends, such as an increase in adherence for nuts (128%), sweets (113%; denoting
reduced intake), red meat (56%; also denoting reduced intake), and wine (50%). Overall,
the adherence to the MD remained stable, which was probably a consequence of differences
in specific MD food constituents.

As already mentioned, a continuous increase in red and processed meat has been
observed over the last couple of decades, while fruit, cereals, and vegetable consumption
has decreased in different countries [21,94,95]. Our findings are in line with these trends,
except for red meat intake, for which compliance was improved. To our satisfaction,
an improvement over time was also recorded for sweets adherence in our study, which
was in contrast to the findings from Portugal, where sweets/desserts consumption was
significantly higher in 2014 compared to 2005/2006 [29]. However, a similar decreased
trend for sweets intake were observed in Northern Italy [56], and Norway, Sweden, and
Finland [96]. A study conducted among adults in Lebanon showed a decrease in the
consumption of bread, fruits, fresh fruit juices, milk and eggs, whereas the consumption of
added fats and oils, poultry, cereals and cereal-based products, chips and salty crackers,
sweetened milk and hot beverages increased over time [97]. These findings indicate slightly
different, yet similar patterns of change in different populations. The important next step
in any effort to improve dietary habits in communities is the identification of factors
associated with such changes, in order to be able to implement targeted interventions.
We have conducted such an analysis, which pointed to several characteristics associated
with the change in adherence to the MD over time. Female gender, older age at baseline,
the highest level of education, and a moderate level of physical activity were positively
associated with MDSS change during follow-up in a multivariate model. On the other
hand, the MDSS score at baseline was negatively associated with the MDSS change during
the follow-up, indicating that people with a higher baseline adherence to the MD tended to
recede over time, while those with lower adherence strived toward increasing adherence to
the MD. These findings highlight a continuous change of dietary patterns in the population,
requiring constant monitoring of trends and identification of the drivers of such change.
This is relevant from the perspective of population health and delivery of adequate health
care, as well as from the perspective of economic, social and cultural development.

The importance of a healthy lifestyle and healthy dietary habits came to the frontline
of attention due to the COVID-19 pandemic. For example, preliminary findings from the
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ecological study showed that Mediterranean diet adherence was negatively associated
with both COVID-19 cases and related deaths in Spain and 23 other OECD countries,
which the authors attributed to the anti-inflammatory properties of the Mediterranean
diet [98]. On the other hand, an unhealthy lifestyle and associated metabolic disturbances
and concomitant chronic diseases were shown to increase the risk for adverse outcomes
after SARS-CoV-2 infection [99].

The traditional Mediterranean diet was shown to be beneficial in the prevention of
weight gain and abdominal obesity [42]. On the other hand, a lower educational level was
often found to be associated with a higher prevalence of overweight and obesity [39,100]—
the same as economic affluence at a country level, reflecting a potential adverse outcome
concomitant with economic growth [101]. While the relationship between socio-economic
status and health outcomes was frequently emphasized for the Mediterranean area [100],
the synergy between those two determinants was not substantially investigated in the
population of Southern Croatia. Our results indicate that the average BMI had increased
from 25.76 kg/m2 at baseline to 27.44 kg/m2 during the follow-up period. This is consistent
with the trend of increasing rates of obesity across 147 countries [101]. BMI change during
follow-up was positively associated with female gender, and negatively with initial BMI,
initial adherence to the MD, and with change in adherence to the MD, as found in the
regression analysis. This means that people with a lower BMI at the beginning of the study
tended to experience a rise in BMI, while those who started with higher values managed to
diminish it over time. An encouraging finding is that individuals with a higher-level/score
in MD adherence experienced lower BMI change or even its decrease.

An important limitation of our study that needs to be mentioned here is the use of the
cross-sectional design for estimating the association between socio-economic status and
adherence to the MD, which limits the inference on causality. However, we did employ
an additional follow-up study design in order to confirm the initial findings and observe
time trends, as well as to investigate the association between initial socio-economic status
and change in adherence to the MD, and BMI change in our sample. Another limitation is
the broad sampling period of subjects included in our study, which stretched from 2003 to
2015. In order to control for the effect of the study period in the logistic regression analysis,
we included the actual follow-up time as one of the predictor variables, as well as the
variable “economic crisis of 2007–2008”. We also managed to obtain a smaller than ideal
sample size and lesser response rate in the follow-up study (28.7%), due to the older age of
subjects and their inability to participate in the follow-up examination. Advantages of the
study include a relatively large overall sample size, inclusion of many potential predictors,
and sampling from the general population of inhabitants from the Mediterranean region
of Croatia. Determinants of Mediterranean diet adherence were so far only marginally
investigated in the population of Dalmatia in Croatia, and we are filling this gap.

In conclusion, this is the first study from Croatia to examine the changes in adherence
to the MD over time. Additionally, we have identified several important characteristics
associated with greater adherence to the MD and with its change over time. These insights
should be used to inform the necessary and targeted interventions aimed at increasing MD
uptake in order to ensure beneficial outcomes. These include, but are not limited to, the
promotion and advancement of individual and population health, ensuring environmental
sustainability, and positive impacts on local economies and tourism, as well as the very
important outcome of the preservation of cultural heritage for generations to come.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/nu13113802/s1, Table S1: Characteristics associated with adherence to the main food groups
within the Mediterranean diet serving score (MDSS), as determined by the multivariate logistic
regression analysis (N = 4671).

Author Contributions: Conceptualization, I.K., A.P., C.H. and O.P.; data collection, all authors;
methodology, I.K., A.P., M.M., C.H. and O.P.; software, I.K. and A.P.; validation, O.P., I.K., R.P.,
F.P.S. and A.P.; formal analysis, A.P.; investigation, all authors; resources, O.P., C.H. and I.K.; data

https://www.mdpi.com/article/10.3390/nu13113802/s1
https://www.mdpi.com/article/10.3390/nu13113802/s1


Nutrients 2021, 13, 3802 19 of 23

curation, all authors; writing—original draft preparation, A.P., R.P., F.P.S., M.V., M.M. and I.K.;
writing—review and editing, all authors.; visualization, A.P., M.V. and I.K.; supervision, O.P. and I.K.;
funding acquisition, I.K., O.P. and C.H. All authors have read and agreed to the published version of
the manuscript.

Funding: This study was funded by grants from the Medical Research Council (UK), the European
Commission Framework 6 project EUROSPAN (Contract No. LSHG-CT-2006-018947), the European
Commission Framework 7 project BBMRI-LPC (FP7 313010), the Republic of Croatia Ministry of Sci-
ence, Education and Sports research grant (216-1080315-0302), the Croatian Science Foundation (grant
8875), the Croatian National Center of Research Excellence in Personalized Healthcare (grant number
KK.01.1.1.01.0010), and the Center of Competence in Molecular Diagnostics (KK.01.2.2.03.0006).

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Institutional Ethics Committee of the University of Split
School of Medicine (protocol code 2181-198-03-04/10-11-0008).

Informed Consent Statement: Informed written consent was obtained from all subjects involved in
the study.

Data Availability Statement: The datasets generated during and/or analyzed during the current
study are available from the corresponding author upon reasonable request.

Acknowledgments: We would like to acknowledge the staff of several institutions in Croatia that
supported the fieldwork, especially the Institute for Anthropological Research from Zagreb, Croatia.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Afshin, A.; Sur, P.J.; Fay, K.A.; Cornaby, L.; Ferrara, G.; Salama, J.S.; Mullany, E.C.; Abate, K.H.; Abbafati, C.; Abebe, Z.; et al.

Health effects of dietary risks in 195 countries, 1990–2017: A systematic analysis for the Global Burden of Disease Study 2017.
Lancet 2019, 393, 1958–1972. [CrossRef]

2. Trichopoulou, A.; Lagiou, P. Healthy traditional Mediterranean diet: An expression of culture, history, and lifestyle. Nutr. Rev.
1997, 55, 383–389. [CrossRef]

3. Bach-Faig, A.; Berry, E.M.; Lairon, D.; Reguant, J.; Trichopoulou, A.; Dernini, S.; Medina, F.X.; Battino, M.; Belahsen, R.; Miranda,
G.; et al. Mediterranean diet pyramid today. Science and cultural updates. Public Health Nutr. 2011, 14, 2274–2284. [CrossRef]

4. Berry, E.M. Sustainable Food Systems and the Mediterranean Diet. Nutrients 2019, 11, 2229. [CrossRef]
5. Dernini, S.; Berry, E.M. Mediterranean Diet: From a Healthy Diet to a Sustainable Dietary Pattern. Front. Nutr. 2015, 2, 15.

[CrossRef]
6. Dinu, M.; Pagliai, G.; Casini, A.; Sofi, F. Mediterranean diet and multiple health outcomes: An umbrella review of meta-analyses

of observational studies and randomised trials. Eur. J. Clin. Nutr. 2018, 72, 30–43. [CrossRef]
7. Dominguez, L.J.; Di Bella, G.; Veronese, N.; Barbagallo, M. Impact of Mediterranean Diet on Chronic Non-Communicable

Diseases and Longevity. Nutrients 2021, 13, 2028. [CrossRef] [PubMed]
8. Trichopoulou, A.; Orfanos, P.; Norat, T.; Bueno-de-Mesquita, B.; Ocke, M.C.; Peeters, P.H.; van der Schouw, Y.T.; Boeing, H.;

Hoffmann, K.; Boffetta, P.; et al. Modified Mediterranean diet and survival: EPIC-elderly prospective cohort study. BMJ 2005, 330,
991. [CrossRef] [PubMed]

9. Trichopoulou, A.; Costacou, T.; Bamia, C.; Trichopoulos, D. Adherence to a Mediterranean diet and survival in a Greek population.
N. Engl. J. Med. 2003, 348, 2599–2608. [CrossRef] [PubMed]

10. Estruch, R.; Ros, E.; Salas-Salvado, J.; Covas, M.I.; Corella, D.; Aros, F.; Gomez-Gracia, E.; Ruiz-Gutierrez, V.; Fiol, M.; Lapetra, J.;
et al. Primary Prevention of Cardiovascular Disease with a Mediterranean Diet Supplemented with Extra-Virgin Olive Oil or
Nuts. N. Engl. J. Med. 2018, 378, e34. [CrossRef]

11. Hernáez, Á.; Estruch, R. The Mediterranean Diet and Cancer: What Do Human and Molecular Studies Have to Say about It?
Nutrients 2019, 11, 2155. [CrossRef] [PubMed]

12. Martín-Peláez, S.; Fito, M.; Castaner, O. Mediterranean Diet Effects on Type 2 Diabetes Prevention, Disease Progression, and
Related Mechanisms. A Review. Nutrients 2020, 12, 2236. [CrossRef] [PubMed]

13. Franquesa, M.; Pujol-Busquets, G.; García-Fernández, E.; Rico, L.; Shamirian-Pulido, L.; Aguilar-Martínez, A.; Medina, F.X.;
Serra-Majem, L.; Bach-Faig, A. Mediterranean Diet and Cardiodiabesity: A Systematic Review through Evidence-Based Answers
to Key Clinical Questions. Nutrients 2019, 11, 655. [CrossRef]

14. Salas-Salvadó, J.; Bulló, M.; Estruch, R.; Ros, E.; Covas, M.I.; Ibarrola-Jurado, N.; Corella, D.; Arós, F.; Gómez-Gracia, E.; Ruiz-
Gutiérrez, V.; et al. Prevention of diabetes with Mediterranean diets: A subgroup analysis of a randomized trial. Ann. Intern. Med.
2014, 160, 1–10. [CrossRef]

15. Klimova, B.; Novotny, M.; Schlegel, P.; Valis, M. The Effect of Mediterranean Diet on Cognitive Functions in the Elderly Population.
Nutrients 2021, 13, 2067. [CrossRef] [PubMed]

http://doi.org/10.1016/S0140-6736(19)30041-8
http://doi.org/10.1111/j.1753-4887.1997.tb01578.x
http://doi.org/10.1017/S1368980011002515
http://doi.org/10.3390/nu11092229
http://doi.org/10.3389/fnut.2015.00015
http://doi.org/10.1038/ejcn.2017.58
http://doi.org/10.3390/nu13062028
http://www.ncbi.nlm.nih.gov/pubmed/34204683
http://doi.org/10.1136/bmj.38415.644155.8F
http://www.ncbi.nlm.nih.gov/pubmed/15820966
http://doi.org/10.1056/NEJMoa025039
http://www.ncbi.nlm.nih.gov/pubmed/12826634
http://doi.org/10.1056/NEJMoa1800389
http://doi.org/10.3390/nu11092155
http://www.ncbi.nlm.nih.gov/pubmed/31505794
http://doi.org/10.3390/nu12082236
http://www.ncbi.nlm.nih.gov/pubmed/32726990
http://doi.org/10.3390/nu11030655
http://doi.org/10.7326/M13-1725
http://doi.org/10.3390/nu13062067
http://www.ncbi.nlm.nih.gov/pubmed/34208741


Nutrients 2021, 13, 3802 20 of 23

16. Psaltopoulou, T.; Sergentanis, T.N.; Panagiotakos, D.B.; Sergentanis, I.N.; Kosti, R.; Scarmeas, N. Mediterranean diet, stroke,
cognitive impairment, and depression: A meta-analysis. Ann. Neurol. 2013, 74, 580–591. [CrossRef]

17. Salvatore, F.P.; Relja, A.; Filipcic, I.S.; Polasek, O.; Kolcic, I. Mediterranean diet and mental distress: “10,001 Dalmatians” study. Br.
Food J. 2019, 121, 1314–1326. [CrossRef]

18. Bonaccio, M.; Di Castelnuovo, A.; Bonanni, A.; Costanzo, S.; De Lucia, F.; Pounis, G.; Zito, F.; Donati, M.B.; de Gaetano, G.;
Iacoviello, L. Adherence to a Mediterranean diet is associated with a better health-related quality of life: A possible role of high
dietary antioxidant content. BMJ Open 2013, 3, e003003. [CrossRef] [PubMed]

19. Granado-Casas, M.; Martin, M.; Martínez-Alonso, M.; Alcubierre, N.; Hernández, M.; Alonso, N.; Castelblanco, E.; Mauricio, D.
The Mediterranean Diet is Associated with an Improved Quality of Life in Adults with Type 1 Diabetes. Nutrients 2020, 12, 131.
[CrossRef]

20. Jacka, F.N.; O‘Neil, A.; Opie, R.; Itsiopoulos, C.; Cotton, S.; Mohebbi, M.; Castle, D.; Dash, S.; Mihalopoulos, C.; Chatterton, M.L.;
et al. A randomised controlled trial of dietary improvement for adults with major depression (the ‘SMILES’ trial). BMC Med.
2017, 15, 23. [CrossRef]

21. Popkin, B.M.; Adair, L.S.; Ng, S.W. Global nutrition transition and the pandemic of obesity in developing countries. Nutr. Rev.
2012, 70, 3–21. [CrossRef]

22. Garcia-Closas, R.; Berenguer, A.; Gonzalez, C.A. Changes in food supply in Mediterranean countries from 1961 to 2001. Public
Health Nutr. 2006, 9, 53–60. [CrossRef] [PubMed]

23. Tourlouki, E.; Matalas, A.L.; Bountziouka, V.; Tyrovolas, S.; Zeimbekis, A.; Gotsis, E.; Tsiligianni, I.; Protopapa, I.; Protopapas, C.;
Metallinos, G.; et al. Are current dietary habits in Mediterranean islands a reflection of the past? Results from the MEDIS study.
Ecol. Food Nutr. 2013, 52, 371–386. [CrossRef] [PubMed]

24. Tessier, S.; Gerber, M. Factors determining the nutrition transition in two Mediterranean islands: Sardinia and Malta. Public
Health Nutr. 2005, 8, 1286–1292. [CrossRef]

25. Da Silva, R.; Bach-Faig, A.; Raido Quintana, B.; Buckland, G.; Vaz de Almeida, M.D.; Serra-Majem, L. Worldwide variation of
adherence to the Mediterranean diet, in 1961–1965 and 2000–2003. Public Health Nutr. 2009, 12, 1676–1684. [CrossRef] [PubMed]

26. Alberti-Fidanza, A.; Fidanza, F. Mediterranean Adequacy Index of Italian diets. Public Health Nutr. 2004, 7, 937–941. [CrossRef]
27. Rodrigues, S.S.; Caraher, M.; Trichopoulou, A.; de Almeida, M.D. Portuguese households’ diet quality (adherence to Mediter-

ranean food pattern and compliance with WHO population dietary goals): Trends, regional disparities and socioeconomic
determinants. Eur. J. Clin. Nutr. 2008, 62, 1263–1272. [CrossRef] [PubMed]

28. Tur, J.A.; Romaguera, D.; Pons, A. Food consumption patterns in a Mediterranean region: Does the Mediterranean diet still exist?
Ann. Nutr. Metab. 2004, 48, 193–201. [CrossRef]

29. Alves, R.; Perelman, J. Dietary changes during the Great Recession in Portugal: Comparing the 2005/2006 and the 2014 health
surveys. Public Health Nutr. 2019, 22, 1971–1978. [CrossRef]

30. Bibiloni Mdel, M.; Martinez, E.; Llull, R.; Pons, A.; Tur, J.A. Western and Mediterranean dietary patterns among Balearic Islands’
adolescents: Socio-economic and lifestyle determinants. Public Health Nutr. 2012, 15, 683–692. [CrossRef] [PubMed]

31. Kolcic, I.; Relja, A.; Gelemanovic, A.; Miljkovic, A.; Boban, K.; Hayward, C.; Rudan, I.; Polasek, O. Mediterranean diet in the
southern Croatia—Does it still exist? Croat. Med. J. 2016, 57, 415–424. [CrossRef]

32. Naja, F.; Hwalla, N.; Hachem, F.; Abbas, N.; Chokor, F.A.Z.; Kharroubi, S.; Chamieh, M.C.; Jomaa, L.; Nasreddine, L. Erosion of
the Mediterranean diet among adolescents: Evidence from an Eastern Mediterranean Country. Br. J. Nutr. 2021, 125, 346–356.
[CrossRef] [PubMed]

33. Veronese, N.; Notarnicola, M.; Cisternino, A.M.; Inguaggiato, R.; Guerra, V.; Reddavide, R.; Donghia, R.; Rotolo, O.; Zinzi, I.;
Leandro, G.; et al. Trends in adherence to the Mediterranean diet in South Italy: A cross sectional study. Nutr. Metab. Cardiovasc.
Dis. 2020, 30, 410–417. [CrossRef] [PubMed]

34. Peng, W.; Goldsmith, R.; Shimony, T.; Berry, E.M.; Sinai, T. Trends in the adherence to the Mediterranean diet in Israeli adolescents:
Results from two national health and nutrition surveys, 2003 and 2016. Eur. J. Nutr. 2021. ahead of print. [CrossRef]

35. Tong, T.Y.N.; Imamura, F.; Monsivais, P.; Brage, S.; Griffin, S.J.; Wareham, N.J.; Forouhi, N.G. Dietary cost associated with
adherence to the Mediterranean diet, and its variation by socio-economic factors in the UK Fenland Study. Br. J. Nutr. 2018, 119,
685–694. [CrossRef] [PubMed]

36. Pastor, R.; Pinilla, N.; Tur, J.A. The Economic Cost of Diet and Its Association with Adherence to the Mediterranean Diet in a
Cohort of Spanish Primary Schoolchildren. Int. J. Environ. Res. Public Health 2021, 18, 1282. [CrossRef]

37. Schröder, H.; Gomez, S.F.; Ribas-Barba, L.; Pérez-Rodrigo, C.; Bawaked, R.A.; Fíto, M.; Serra-Majem, L. Monetary Diet Cost, Diet
Quality, and Parental Socioeconomic Status in Spanish Youth. PLoS ONE 2016, 11, e0161422. [CrossRef] [PubMed]

38. Lopez, C.N.; Martinez-Gonzalez, M.A.; Sanchez-Villegas, A.; Alonso, A.; Pimenta, A.M.; Bes-Rastrollo, M. Costs of Mediterranean
and western dietary patterns in a Spanish cohort and their relationship with prospective weight change. J. Epidemiol. Community
Health 2009, 63, 920–927. [CrossRef] [PubMed]

39. Bonaccio, M.; Bonanni, A.E.; Di Castelnuovo, A.; De Lucia, F.; Donati, M.B.; de Gaetano, G.; Iacoviello, L. Low income is associated
with poor adherence to a Mediterranean diet and a higher prevalence of obesity: Cross-sectional results from the Moli-sani study.
BMJ Open 2012, 2, e001685. [CrossRef] [PubMed]

http://doi.org/10.1002/ana.23944
http://doi.org/10.1108/BFJ-06-2018-0339
http://doi.org/10.1136/bmjopen-2013-003003
http://www.ncbi.nlm.nih.gov/pubmed/23943771
http://doi.org/10.3390/nu12010131
http://doi.org/10.1186/s12916-017-0791-y
http://doi.org/10.1111/j.1753-4887.2011.00456.x
http://doi.org/10.1079/PHN2005757
http://www.ncbi.nlm.nih.gov/pubmed/16480534
http://doi.org/10.1080/03670244.2012.707431
http://www.ncbi.nlm.nih.gov/pubmed/23927044
http://doi.org/10.1079/PHN2005747
http://doi.org/10.1017/S1368980009990541
http://www.ncbi.nlm.nih.gov/pubmed/19689839
http://doi.org/10.1079/PHN2004557
http://doi.org/10.1038/sj.ejcn.1602852
http://www.ncbi.nlm.nih.gov/pubmed/17671445
http://doi.org/10.1159/000079754
http://doi.org/10.1017/S136898001800410X
http://doi.org/10.1017/S1368980011002199
http://www.ncbi.nlm.nih.gov/pubmed/21899802
http://doi.org/10.3325/cmj.2016.57.415
http://doi.org/10.1017/S0007114520002731
http://www.ncbi.nlm.nih.gov/pubmed/32684174
http://doi.org/10.1016/j.numecd.2019.11.003
http://www.ncbi.nlm.nih.gov/pubmed/31822430
http://doi.org/10.1007/s00394-021-02522-2
http://doi.org/10.1017/S0007114517003993
http://www.ncbi.nlm.nih.gov/pubmed/29553031
http://doi.org/10.3390/ijerph18031282
http://doi.org/10.1371/journal.pone.0161422
http://www.ncbi.nlm.nih.gov/pubmed/27622518
http://doi.org/10.1136/jech.2008.081208
http://www.ncbi.nlm.nih.gov/pubmed/19762456
http://doi.org/10.1136/bmjopen-2012-001685
http://www.ncbi.nlm.nih.gov/pubmed/23166131


Nutrients 2021, 13, 3802 21 of 23

40. Rippin, H.L.; Hutchinson, J.; Greenwood, D.C.; Jewell, J.; Breda, J.J.; Martin, A.; Rippin, D.M.; Schindler, K.; Rust, P.; Fagt, S.; et al.
Inequalities in education and national income are associated with poorer diet: Pooled analysis of individual participant data
across 12 European countries. PLoS ONE 2020, 15, e0232447. [CrossRef] [PubMed]

41. D‘Innocenzo, S.; Biagi, C.; Lanari, M. Obesity and the Mediterranean Diet: A Review of Evidence of the Role and Sustainability of
the Mediterranean Diet. Nutrients 2019, 11, 1306. [CrossRef] [PubMed]

42. Agnoli, C.; Sieri, S.; Ricceri, F.; Giraudo, M.T.; Masala, G.; Assedi, M.; Panico, S.; Mattiello, A.; Tumino, R.; Giurdanella, M.C.; et al.
Adherence to a Mediterranean diet and long-term changes in weight and waist circumference in the EPIC-Italy cohort. Nutr.
Diabetes 2018, 8, 22. [CrossRef] [PubMed]

43. Esposito, K.; Marfella, R.; Ciotola, M.; Di Palo, C.; Giugliano, F.; Giugliano, G.; D’Armiento, M.; D’Andrea, F.; Giugliano, D. Effect
of a Mediterranean-style diet on endothelial dysfunction and markers of vascular inflammation in the metabolic syndrome: A
randomized trial. JAMA 2004, 292, 1440–1446. [CrossRef] [PubMed]

44. Bouzas, C.; Bibiloni, M.D.M.; Jubilert, A.; Ruiz-Canela, M.; Salas-Salvadó, J.; Corella, D.; Zomeño, M.D.; Romaguera, D.; Vioque,
J.; Alonso-Gómez, Á.M.; et al. Adherence to the Mediterranean Lifestyle and Desired Body Weight Loss in a Mediterranean Adult
Population with Overweight: A PREDIMED-Plus Study. Nutrients 2020, 12, 2114. [CrossRef] [PubMed]

45. Koliaki, C.; Spinos, T.; Spinou, M.; Brinia, M.E.; Mitsopoulou, D.; Katsilambros, N. Defining the Optimal Dietary Approach for
Safe, Effective and Sustainable Weight Loss in Overweight and Obese Adults. Healthcare 2018, 6, 73. [CrossRef]

46. Rehberg, J.; Stipcic, A.; Coric, T.; Kolcic, I.; Polasek, O. Mortality patterns in Southern Adriatic islands of Croatia: A registry-based
study. Croat. Med. J. 2018, 59, 118–123. [CrossRef]

47. UNESCO. Mediterranean diet inscribed in 2013 on the Representative List of the Intangible Cultural Heritage of Humanity.
Available online: http://www.unesco.org/culture/ich/en/RL/00884 (accessed on 10 September 2021).

48. World Health Organization. Noncommunicable Diseases (NCD) Country Profiles. 2018. Available online: https://www.who.int/
nmh/countries/2018/hrv_en.pdf?ua=1 (accessed on 30 April 2021).

49. Gallus, S.; Lugo, A.; Murisic, B.; Bosetti, C.; Boffetta, P.; La Vecchia, C. Overweight and obesity in 16 European countries. Eur. J.
Nutr. 2015, 54, 679–689. [CrossRef] [PubMed]
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Supplementary Table S1. Characteristics associated with adherence to the main food groups within the Mediterranean diet serving score (MDSS), as determined by the multivariate logistic regression 

analysis (N = 4,671) 

 

Fruit 

aOR (95% 

CI); P 

Vegetables 

aOR (95% 

CI); P 

Cereals 

aOR (95% 

CI); P 

Olive oil 

aOR (95% 

CI); P 

Nuts 

aOR (95% 

CI); P 

Dairy 

aOR (95% 

CI); P 

Potatoes 

aOR (95% 

CI); P 

Legumes 

aOR (95% 

CI); P 

Eggs  

aOR (95% 

CI); P 

Fish 

aOR (95% 

CI); P 

White meat 

aOR (95% 

CI); P 

Red meat 

aOR (95% 

CI); P 

Sweets 

aOR (95% 

CI); P 

Wine  

aOR (95% 

CI); P 

Sex               

Male; Ref. 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

Female  
2.42 (2.10, 

2.78); <0.001 

1.91 (1.55, 

2.06); <0.001 

0.82 (0.64, 

1.05); 0.110 

1.22 (1.06, 

1.40); 0.007 

1.97 (1.40, 

2.78); <0.001 

1.59 (1.35, 

1.86); <0.001 

0.97 (0.83, 

1.12); 0.652 

1.13 (0.98, 

1.31); 0.102 

0.82 (0.71, 

0.95); 0.009 

1.08 (0.93, 

1.26); 0.286 

1.04 (0.91, 

1.19); 0.520 

1.96 (1.67, 

2.30); <0.001 

1.00 (0.85, 

1.17); 0.981 

0.39 (0.33, 

0.46); <0.001 

Age group 

(years) 
              

18- 34.9; 

Ref. 
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

35-64.9  
1.61 (1.32, 

1.96); <0.001 

1.56 (1.27, 

1.93); <0.001 

1.44 (1.06, 

1.96); 0.020 

1.43 (1.18, 

1.73); <0.001 

1.35 (0.82, 

2.20); 0.235 

0.98 (0.78, 

1.21); 0.823 

0.58 (0.46, 

0.73); <0.001 

1.01 (0.82, 

1.26); 0.901 

0.84 (0.69, 

1.03); 0.091 

1.32 (1.08, 

1.61); 0.006 

1.01 (0.84, 

1.22); 0.923 

1.23 (0.98, 

1.56); 0.075 

1.90 (1.45, 

2.49); <0.001 

1.69 (1.29, 

2.22); <0.001 

≥65.0  
2.83 (2.21, 

3.62); <0.001 

2.33 (1.81, 

3.00); <0.001 

1.40 (0.94, 

2.09); 0.101 

2.40 (1.87, 

3.07); <0.001 

1.92 (1.09, 

3.40); 0.024 

1.24 (0.95, 

1.63); 0.117 

0.75 (0.59, 

0.95); 0.018 

1.29 (0.99, 

1.67); 0.055 

0.63 (0.48, 

0.81); <0.001 

2.01 (1.55, 

2.60); <0.001 

0.90 (0.71, 

1.14); 0.370 

1.58 (1.20, 

2.09); 0.001 

2.42 (1.78, 

3.29); <0.001 

2.41 (1.76, 

3.31); <0.001 

Place of 

residence 
              

City of 

Split; 

Ref. 

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

Island 

of Vis 

0.84 (0.68, 

1.02); 0.083 

1.08 (0.89, 

1.32); 0.419 

2.76 (1.72, 

4.41); <0.001 

0.70 (0.58, 

0.86); 0.001 

0.46 (0.28, 

0.75); 0.002 

1.13 (0.91, 

1.41); 0.254 

0.64 (0.51, 

0.80); <0.001 

1.22 (0.99, 

1.51); 0.068 

1.40 (1.13, 

1.74); 0.002 

2.16 (1.72, 

2.71); <0.001 

1.40 (1.16, 

1.70); 0.001 

1.03 (0.82, 

1.29); 0.804 

0.83 (0.64, 

1.07); 0.144 

1.27 (0.99, 

1.63); 0.057 
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Island 

of 

Korčula 

0.98 (0.79, 

1.22); 0.849 

1.63 (1.33, 

2.00); <0.001 

1.10 (0.74, 

1.64); 0.629 

1.53 (1.22, 

1.91); <0.001 

0.67 (0.43, 

1.04); 0.072 

1.14 (0.91, 

1.43); 0.258 

0.58 (0.48, 

0.70); <0.001 

1.54 (1.24, 

1.92); <0.001 

0.98 (0.78, 

1.24); 0.880 

1.44 (1.14, 

1.81); 0.002 

1.08 (0.88, 

1.32); 0.457 

0.89 (0.70, 

1.12); 0.319 

1.82 (1.42, 

2.34); <0.001 

1.08 (0.83, 

1.40); 0.561 

Education 

(years of 

schooling) 

              

element

ary (0-

8);  

Ref. 

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

high 

school 

(9- 12) 

1.17 (0.98, 

1.41); 0.085 

1.06 (0.89, 

1.27); 0.521 

0.74 (0.53, 

1.04); 0.081 

0.66 (0.54, 

0.79); <0.001 

1.07 (0.69, 

1.66); 0.760 

1.07 (0.87, 

1.31); 0.535 

1.43 (1.19, 

1.71); <0.001 

0.72 (0.60, 

0.87); 0.001 

1.04 (0.86, 

1.27); 0.675 

0.77 (0.63, 

0.94); 0.011 

0.76 (0.64, 

0.90); 0.002 

1.14 (0.94, 

1.40); 0.188 

1.05 (0.86, 

1.28); 0.653 

1.12 (0.89, 

1.41); 0.324 

higher 

(13+) 

1.20 (0.97, 

1.49); 0.092 

1.16 (0.94, 

1.44); 0.171 

0.60 (0.41, 

0.88); 0.010 

0.69 (0.55, 

0.86); 0.001 

1.61 (1.00, 

2.59); 0.051 

1.32 (1.04, 

1.67); 0.022 

2.41 (1.92, 

3.03); <0.001 

0.80 (0.64, 

0.99); 0.045 

0.92 (0.73, 

1.16); 0.487 

0.78 (0.62, 

0.99); 0.040 

0.73 (0.59, 

0.89); 0.002 

1.89 (1.50, 

2.38); <0.001 

1.01 (0.79, 

1.28); 0.943 

1.25 (0.96, 

1.62); 0.101 

Subjective 

material 

status 

              

worse 

than 

average; 

Ref. 

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

average 
1.23 (1.00, 

1.51); 0.050 

1.01 (0.83, 

1.25); 0.894 

0.88 (0.60, 

1.28); 0.500 

1.17 (0.95, 

1.43); 0.135 

1.22 (0.71, 

2.10); 0.470 

1.09 (0.86, 

1.38); 0.461 

1.05 (0.85, 

1.30); 0.633 

1.04 (0.84, 

1.30); 0.690 

0.74 (0.59, 

0.91); 0.005 

1.07 (0.86, 

1.34); 0.517 

1.02 (0.84, 

1.25); 0.812 

0.81 (0.66, 

1.01); 0.059 

0.89 (0.72, 

1.12); 0.324 

1.19 (0.91, 

1.56); 0.209 

better 

than 

average 

1.20 (0.95, 

1.52); 0.126 

1.02 (0.81, 

1.29); 0.853 

0.82 (0.54, 

1.25); 0.364 

1.27 (1.01, 

1.61); 0.045 

1.75 (0.98, 

3.12); 0.058 

1.10 (0.84, 

1.43); 0.499 

1.22 (0.96, 

1.56); 0.106 

1.02 (0.80, 

1.31); 0.861 

0.76 (0.59, 

0.97); 0.029 

1.12 (0.87, 

1.44); 0.369 

0.98 (0.78, 

1.22); 0.845 

0.68 (0.53, 

0.87); 0.002 

0.90 (0.69, 

1.16); 0.402 

1.12 (0.83, 

1.52); 0.459 
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Objective 

material 

status 

              

1st 

quartile; 

Ref. 

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

2nd 

quartile  

1.24 (1.03, 

1.50); 0.025 

1.20 (0.99, 

1.45); 0.057 

1.39 (1.00, 

1.91); 0.048 

1.35 (1.12, 

1.63); 0.002 

1.21 (0.78, 

1.87); 0.387 

1.11 (0.89, 

1.37); 0.349 

0.87 (0.71, 

1.06); 0.158 

1.18 (0.97, 

1.43); 0.103 

1.08 (0.88, 

1.33); 0.445 

1.43 (1.17, 

1.74); <0.001 

1.00 (0.84, 

1.20); 0.967 

0.73 (0.60, 

0.89); 0.002 

0.75 (0.62, 

0.92); 0.007 

0.99 (0.78, 

1.26); 0.938 

3rd 

quartile  

1.28 (1.06, 

1.56); 0.011 

1.36 (1.12, 

1.65); 0.002 

1.31 (0.95, 

1.81); 0.102 

1.49 (1.23, 

1.81); <0.001 

0.74 (0.46, 

1.19); 0.216 

1.11 (0.89, 

1.37); 0.349 

0.73 (0.60, 

0.89); 0.002 

1.15 (0.94, 

1.40); 0.187 

1.14 (0.92, 

1.4); 0.232 

1.72 (1.41, 

2.11); <0.001 

0.92 (0.77, 

1.10); 0.367 

0.65 (0.53, 

0.80); <0.001 

0.63 (0.51, 

0.78); <0.001 

1.04 (0.81, 

1.32); 0.778 

4th 

quartile  

1.57 (1.27, 

1.94); <0.001 

1.66 (1.34, 

2.05); <0.001 

1.30 (0.92, 

1.84); 0.140 

2.27 (1.83, 

2.83); <0.001 

1.35 (0.86, 

2.14); 0.195 

1.32 (1.05, 

1.67); 0.019 

0.80 (0.64, 

1.00); 0.050 

1.04 (0.83, 

1.30); 0.737 

1.18 (0.94, 

1.48); 0.160 

2.23 (1.78, 

2.79); <0.001 

0.93 (0.76, 

1.13); 0.460 

0.62 (0.50, 

0.78); <0.001 

0.70 (0.55, 

0.88); 0.003 

1.29 (1.00, 

1.67); 0.054 

Chronic 

diseases* 
              

≥2; Ref. 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

1 
0.92 (0.74, 

1.14); 0.465 

0.94 (0.76, 

1.15); 0.529 

1.50 (1.04, 

2.17); 0.030 

0.99 (0.79, 

1.24); 0.923 

1.25 (0.77, 

2.05); 0.370 

0.94 (0.74, 

1.20); 0.622 

0.94 (0.76, 

1.17); 0.573 

1.05 (0.84, 

1.31); 0.681 

1.06 (0.84, 

1.35); 0.619 

1.10 (0.87, 

1.38); 0.436 

1.00 (0.81, 

1.22); 0.964 

0.97 (0.78, 

1.21); 0.782 

0.70 (0.56, 

0.86); 0.001 

1.21 (0.94, 

1.58); 0.144 

none 
0.86 (0.70, 

1.06); 0.156 

0.91 (0.74, 

1.11); 0.341 

1.33 (0.94, 

1.90); 0.111 

0.88 (0.71, 

1.09); 0.241 

1.13 (0.69, 

1.85); 0.614 

1.13 (0.90, 

1.43); 0.303 

1.10 (0.89, 

1.36); 0.380 

1.09 (0.87, 

1.35); 0.462 

1.24 (0.98, 

1.57); 0.073 

1.06 (0.84, 

1.33); 0.641 

0.96 (0.79, 

1.17); 0.700 

0.73 (0.59, 

0.92); 0.006 

0.53 (0.43, 

0.66); <0.001 

1.29 (1.00, 

1.66); 0.052 

Smoking               

current 

smokers

; Ref. 

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

ex, 

smokers 

1.87 (1.56, 

2.24); <0.001 

1.04 (0.87, 

1.25); 0.650 

1.12 (0.82, 

1.54); 0.475 

1.26 (1.05, 

1.51); 0.014 

1.52 (0.98, 

2.37); 0.062 

1.02 (0.83, 

1.25); 0.878 

1.09 (0.89, 

1.32); 0.402 

1.01 (0.83, 

1.22); 0.943 

0.85 (0.70, 

1.03); 0.096 

1.29 (1.06, 

1.58); 0.010 

0.94 (0.79, 

1.12); 0.519 

1.22 (0.99, 

1.50); 0.060 

1.05 (0.86, 

1.29); 0.635 

1.18 (0.94, 

1.47); 0.145 

never, 

smokers 

2.03 (1.73, 

2.37); <0.001 

1.01 (0.86, 

1.18); 0.940 

1.22 (0.94, 

1.60); 0.137 

1.12 (0.96, 

1.31); 0.154 

1.58 (1.07, 

2.32); 0.021 

1.09 (0.92, 

1.30); 0.326 

0.93 (0.78, 

1.10); 0.378 

0.98 (0.83, 

1.16); 0.826 

1.02 (0.86, 

1.21); 0.803 

1.05 (0.89, 

1.23); 0.598 

0.92 (0.79, 

1.07); 0.293 

1.22 (1.02, 

1.46); 0.026 

0.84 (0.70, 

1.01); 0.064 

1.05 (0.86, 

1.29); 0.636 



Nutrients 2021, 13, 3802 4 of 4 
 

 

Aor—Adjusted odds ratios; 95% CI—95% confidence intervals; calculated using multivariate logistic regression model simultaneously adjusted for all the covariates listed in this table. * chronic diseases 

included any or more than one of the following diagnoses: hypertension, diabetes, CHD, CVI, cancer, bipolar disorder, hyperlipidemia and gout; # 53 subjects with BMI < 18.5 kg/m2 were excluded from 

the analysis due to small sample size of the group and negative impact on the model performance. 

Physical 

activity 
              

light; 

Ref. 
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

moderat

e 

1.24 (1.07, 

1.45); 0.005 

1.43 (1.22, 

1.67); <0.001 

0.83 (0.63, 

1.08); 0.169 

1.29 (1.11, 

1.50); 0.001 

1.12 (0.79, 

1.57); 0.524 

0.98 (0.83, 

1.16); 0.840 

0.88 (0.75, 

1.04); 0.140 

1.50 (1.26, 

1.77); <0.001 

1.13 (0.96, 

1.34); 0.152 

1.33 (1.14, 

1.56); <0.001 

0.94 (0.81, 

1.09); 0.395 

0.99 (0.84, 

1.16); 0.873 

1.17 (0.98, 

1.39); 0.085 

0.93 (0.77, 

1.13); 0.471 

intensiv

e 

1.24 (0.97, 

1.59); 0.081 

1.75 (1.37, 

2.23); <0.001 

1.38 (0.83, 

2.30); 0.220 

1.48 (1.15, 

1.90); 0.002 

1.06 (0.58, 

1.96); 0.842 

0.84 (0.63, 

1.12); 0.228 

0.58 (0.45, 

0.74); <0.001 

1.61 (1.25, 

2.08); <0.001 

1.08 (0.83, 

1.40); 0.570 

1.87 (1.42, 

2.48); <0.001 

1.08 (0.86, 

1.36); 0.521 

0.70 (0.52, 

0.93); 0.014 

1.04 (0.79, 

1.38); 0.775 

0.72 (0.53, 

0.98); 0.036 

Body mass 

index 

category# 

              

18.0-

24.9; 

Ref. 

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

25.0- 

29.9 

0.99 (0.85, 

1.15); 0.850 

0.99 (0.85, 

1.15); 0.891 

0.82 (0.63, 

1.07); 0.147 

0.94 (0.81, 

1.10); 0.465 

0.92 (0.66, 

1.28); 0.629 

0.92 (0.78, 

1.09); 0.350 

1.16 (0.99, 

1.36); 0.076 

1.03 (0.88, 

1.21); 0.717 

1.00 (0.85, 

1.18); 0.990 

1.09 (0.93, 

1.28); 0.291 

1.07 (0.93, 

1.24); 0.339 

1.04 (0.88, 

1.23); 0.630 

1.19 (1.00, 

1.41); 0.049 

0.89 (0.74, 

1.07); 0.214 

≥30.0 
0.97 (0.80, 

1.18); 0.780 

0.97 (0.80, 

1.18); 0.748 

0.70 (0.51, 

0.98); 0.037 

0.85 (0.70, 

1.04); 0.108 

0.58 (0.36, 

0.93); 0.025 

0.99 (0.80, 

1.23); 0.961 

1.21 (0.98, 

1.48); 0.070 

1.17 (0.95, 

1.43); 0.139 

0.89 (0.72, 

1.10); 0.264 

0.97 (0.79, 

1.19); 0.767 

0.91 (0.76, 

1.10); 0.328 

0.84 (0.67, 

1.04); 0.102 

1.34 (1.08, 

1.66); 0.009 

0.80 (0.63, 

1.02); 0.071 

The 

economic 

crisis of 

2007–2008  

              

before

; Ref. 
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

after 
0.50 (0.41, 

0.60); <0.001 

0.32 (0.27, 

0.39); <0.001 

0.45 (0.32, 

0.63); <0.001 

0.71 (0.58, 

0.86); 0.001 

1.04 (0.68, 

1.57); 0.864 

0.64 (0.52, 

0.78); <0.001 

0.69 (0.57, 

0.83); <0.001 

0.53 (0.44, 

0.64); <0.001 

1.10 (0.89, 

1.35); 0.371 

0.51 (0.42, 

0.63); <0.001 

0.93 (0.77, 

1.11); 0.397 

1.39 (1.13, 

1.71); 0.002 

1.23 (1.01, 

1.50); 0.043 

0.97 (0.77, 

1.22); 0.796 



nutrients

Article

Nut Consumption and Cardiovascular Risk Factors:
A Cross-Sectional Study in
a Mediterranean Population
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Abstract: Nuts are often considered beneficial for health, yet few studies have examined determinants
of their intake and the associations between nut consumption and various cardiovascular disease risk
factors. The aim of this study was to identify factors associated with nut intake in a Mediterranean
population, in Croatia, and to investigate the association of nut intake and various cardiovascular
risk factors. Methods: Subjects from the Island of Vis, Island of Korčula and the City of Split
were included in this cross-sectional study (n = 4416 in total; 4011 without known cardiovascular
disease). Survey responses, medical records and clinically relevant measurements were utilized.
Multivariate ordinal and logistic regression models were used in the analysis, adjusting for known
confounding factors. Results: As low as 5% of all subjects reported daily, and 11% reported
weekly, nut consumption. The characteristics associated with more frequent nut intake were
female gender (Odds ratio (OR) = 1.39; 95% confidence interval (CI) 1.19–1.62), highest level of
education (1.42; 1.15–1.76) and material status (1.58; 1.29–1.93), smoking abstinence (1.21; 1.04–1.42 in
never-smokers and 1.22; 1.02–1.46 in ex-smokers), Mediterranean diet adherence (1.87; 1.62–2.15),
and absence of central obesity (1.29; 1.09–1.53), absence of diabetes (1.30; 1.02–1.66) and metabolic
syndrome (1.17; 1.01–1.36). Subjects who consumed nuts had more favorable waist-to-height (overall
p = 0.036) and waist-to-hip ratios (0.033), lesser odds of elevated fibrinogen (p < 0.001 in both weekly
and monthly nut consumers) and reduced high-density lipoprotein (HDL) cholesterol (p = 0.026),
compared to non-consumers. Conclusions: It appears that frequent nut consumption is an integral
part of a healthy lifestyle and better socioeconomic status. A beneficial association of nut intake with
cardiovascular risk factors was confirmed in this study.

Keywords: nuts; food intake; obesity; hypertension; diabetes; dyslipidemia; metabolic syndrome

1. Introduction

Nuts have been identified as one of the most nutrient dense foods, rich in monounsaturated
and polyunsaturated fatty acids, protein, fiber, vitamins and minerals [1]. They have also been
found to contain an abundance of many other important phytochemicals, including phenolic
acids, phytosterols and flavonoids, proanthocyanidins and stilbenes, phytates, sphingolipids,
alkylphenols and lignans, which have antioxidative, anti-inflammatory, anti-proliferative, antiviral,
chemopreventive and hypocholesterolaemic effects [2]. A small but growing body of evidence suggests
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that nuts are protective against cardiovascular diseases, cancer, diabetes, metabolic syndrome and
hypertension [3–6]. Daily nut consumption decreased the all-cause mortality risk by 20% in large
cohort studies from the United States of America (USA) [7], and a combined cohort study performed
both in the USA and China [8]. This finding was also confirmed in other recent meta-analyses [9,10].
Furthermore, specific mortalities due to diabetes, respiratory diseases and infectious diseases were
inversely associated with nut consumption in a meta-analysis, which included 20 cohort studies [3].
Cardiovascular risk factors, namely body weight [11], blood pressure [12,13], blood lipids [14], glucose
(in diabetics) [15] and uric acid [16] were also inversely associated with nut intake. Even though nuts
contain very high amounts of fat, their consumption has repeatedly been shown not to be associated
with weight gain [11,17–19], but instead with moderate weight loss or weight stability, as reported in a
large prospective study, involving 373,000 participants from 10 European countries [11]. Despite these
findings, there is still a common belief that nut intake is associated with weight gain risk, even among
health care professionals [20].

The definition of a Mediterranean diet places nuts up front and demands their intake on a
daily basis, together with vegetables, fruit, olive oil and cereals [21]. Unfortunately, such intense
consumption is not common, even among populations of the Mediterranean region [22–24]. A recent
study performed in the population of Dalmatia, in the coastal region of Croatia, revealed a
disappointingly low prevalence of daily nut consumption, ranging from 3% on the Island of Vis
to 11% in the City of Split [25].

Previously published experimental studies on nut effects were small in size and of very
short durations. Hence, limited input was available for a 2015 Cochrane review, with only
five randomized control trials [17]. New results from the PREDIMED interventional study from Spain
have recently become available [26,27]. This study yielded some promising and confirming results,
especially for the beneficial effect of the Mediterranean diet enriched with nuts for the prevention
of cardiovascular disease (CVD) events, such as myocardial infarction, stroke or CVD death [28].
However, the participants of this study allocated to the nut consuming group also received nutritional
education on Mediterranean diet adherence, making it hard to disassociate the positive effects of nuts
from the overall healthy eating pattern [18].

Despite potential health benefits, investigation into the determinants of nut consumption in the
general population is very scarce in the literature [10,29], leaving a substantial gap in knowledge.
Therefore, the aim of this study was to determine the factors associated with nut consumption, as well
as to investigate the association between nut consumption and various cardiovascular risk factors,
namely central obesity indices, dyslipidemia, elevated fibrinogen, hypertension, diabetes, elevated
glycated haemoglobin (HbA1c), metabolic syndrome and gout, in a population-based sample in
Dalmatia, Croatia.

2. Materials and Methods

2.1. Study Participants and Methods

This cross-sectional study initially included 4984 subjects from the “10,001 Dalmatians”
project [30]. Subjects from three Dalmatian settlements were included: the Island of Vis (n = 1027,
sampled during 2003–2004 period), Island of Korčula (n = 2581, sampled during 2007 and
2012–2015 period) and the City of Split, which is the second largest city in Croatia (n = 1012; sampled
in 2008–2009 period). A population-based sampling approach was based on generalized invitations to
all island inhabitants, targeting subjects who were of age (18 or more years). The sampling scheme
employed direct postal invitations, radio appearances and support from the local stakeholders (general
practitioners (GPs) and local governments), yielding almost systematic responses. All respondents
were informed on the study aims and goals, benefits and risks, and were asked to sign an informed
consent before entering the study. The study was approved by the Ethical Board of the University of
Split School of Medicine (approval number 2181-198-03-04/10-11-0008).
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2.2. Clinical Measurements

Each subject was offered an array of clinical measurements, which included blood and urine
testing, followed by blood pressure and anthropometric measurements, electrocardiography, arterial
stiffness, spirometry, heel bone density (dual-energy X-ray absorptiometry, DEXA), ophthalmological
examination and other clinically relevant examinations. Subjects were also asked to fill in an extensive
self-administered questionnaire, which included questions on important cardiovascular disease
risk factors: demographic characteristics, medical history, socioeconomic status, smoking, alcohol
consumption, physical activity, and dietary habits. Elderly people and those with disabilities were
offered assistance during surveying, by a team of nine trained surveyors.

Medical records or subjects’ responses were used to extract relevant medical history information,
including previous diagnoses and the use of medications. The list included hypertension, type 2
diabetes, coronary heart disease (CHD), cerebrovascular insult (CVI), cancer, bipolar disorder,
hyperlipidemia and gout.

2.2.1. Blood Pressure and Anthropometric Indices

Blood pressure was measured twice by manual mercury sphygmomanometer (calibrated weekly),
at least five minutes apart, in a sitting position, after at least 10 min of rest. An average value of
two measurements was taken for the analysis. Subjects were considered to have hypertension if
they (a) reported a previous diagnosis of hypertension or (b) reported the use of anti-hypertensive
medication or (c) had a mean systolic blood pressure ≥140 mmHg or mean diastolic pressure
≥90 mmHg [31]. Anthropometric measurements were performed using standard procedures [32],
including body height, body weight, waist circumference (WC) and hip circumference (HC). Besides
body mass index (BMI), we also calculated waist-to-hip ratio (WHR) and waist-to-height ratio (WHtR)
as relative measures of central obesity. The cut-off value for elevated WC was ≥94 cm for men and
≥80 cm for women [32]; for elevated WHR it was ≥0.85 for women and ≥0.90 for men [32], and for
WHtR it was ≥0.50 for both sexes [33].

2.2.2. Biochemistry

Biochemical parameters included total cholesterol, low-density lipoprotein cholesterol (LDL),
high-density lipoprotein cholesterol (HDL), triglycerides, glucose, HbA1c, uric acid and fibrinogen.
Fasting blood samples were collected from the antecubital vein into EDTA and serum tubes and
pre-processed immediately in remote study sites. They were shipped frozen (−80 ◦C) to 2 specialized
and accredited laboratories (HRN EN ISO 15189) in Zagreb (samples collected from Vis Island and
Split were analyzed in “Labor Centar” and samples from Korčula Island were analyzed in “Breyer
Laboratory”). Both laboratories used the same standard methods for determining concentrations of
glucose, HbA1c, uric acid, blood lipids and fibrinogen (measured using the Clauss method).

Subjects whose fasting glucose level exceeded 7.0 mmol/L or those who reported a previous
diagnosis of type 2 diabetes were considered to be diabetic [34]. Metabolic syndrome was defined using
the Joint Interim Statement (JIS) definition and the cut off values used for elevated waist circumference
were ≥80 cm for women and ≥94 cm for men [35]. Subjects who had elevated uric acid (≥404 µmol/L
for men and ≥338 µmol/L for women [36]) or had a record in medical history were considered positive
for gout. The cut-off level for elevated cholesterol was ≥5.0 mmol/L, for LDL cholesterol it was
≥3.0 mmol/L, and for triglycerides the cut-off was ≥1.7 mmol/L [35]. HDL values of ≤1.03 mmol/L
for men and ≤1.29 mmol/L for women were considered reduced HDL concentrations [35]. Information
on taking medications for dyslipidemia was also taken into account. The concentration of fibrinogen
was considered to be lowered if it was ≤1.5 g/L, normal if it was between 1.51–4.0 g/L or elevated if
the concentration was ≥4.0 g/L [37].
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2.3. Socioeconomic and Lifestyle Characteristics Associated with Cardiovascular Disease Risk

Socioeconomic status was assessed according to education level and material status. Education
level was measured as years of formal schooling, and later classified into three categories
(corresponding to the primary, secondary and higher education system in Croatia) as follows: lower
education level (with ≤8 years of finished school), intermediate (9–12 years), and higher education
(≥13 years of schooling). An assessment of material status was based on 16 validated questions
forming the composite index [38], consisting of a list of items in the subject’s possession (heating
system, wooden floors, video/DVD recorder, telephone, computer, two TVs, freezer, dishwasher,
water supply system, flushing toilet, bathroom, library with more than 100 books, paintings or other
art objects, a car, vacation house or second apartment, boat). The responses were summed and classified
into four quartile categories, according to the distribution in the study population (first quartile with
values ≤8, second 9–10, third 11–12, and fourth quartile with values 13–16).

Lifestyle characteristics, such as smoking, alcohol intake, and physical activity were also recorded.
Smoking status was assigned as current smoker, ex-smoker (stopped more than 1 year ago) and
never-smoker. Alcohol intake was measured in units per week, in order to combine all the types of
alcohol a subject could have consumed during the week (beer, wine and hard liquor). In cases of
consumption of ≥28 units/week for men and ≥21 units/week for women, a subject was classified
as an excessive drinker [39], or a moderate drinker in cases of consuming less (1–27 units/week for
men and 1–20 units/week for women), while those who did not consume any alcohol were considered
non-drinkers. The level of physical activity was assessed from the survey; light activity was assigned
when subject reported sitting or light physical activity during both work and leisure time. A moderate
level of physical activity was assigned if a subject declared a moderate level of physical exertion in at
least one part of the day, while intensive activity was assigned to all subjects who reported hard labor
or other intense types of physical activity during either part of the day.

2.4. Assessment of Dietary Pattern and Nut Intake

Assessment of the diet composition was based on a 55 question survey, specifically adjusted
for the population of Dalmatia [25]. Each question had six possible responses regarding the usual
frequency of consumption (every day, 2–3 times a week, once a week, once a month, rarely and never).
The questionnaire captured the information on olive oil and other fat intake, dairy, vegetables, fruit,
nuts, potatoes, cereals (rice, pasta, bread), legumes, eggs, white and red meats, fish and sea foods,
sweets, and wine (for details see [25]). Adherence to the Mediterranean diet was assessed according
to the recently proposed Mediterranean Diet Serving Score (MDSS), which demands daily intake of
vegetables, fruit, olive oil cereals, nuts, dairy products and wine, while other groups of food should
be consumed weekly [40]. The MDSS score has a maximum of 24 points, and those foods which are
considered beneficial for health and should be consumed daily contribute 3 points, while foods like
red meat and sweets contribute 1 point if consumed in ≤2 servings per week [25]. Finally, we also
classified all subjects on the basis of their Mediterranean diet compliance, by MDSS score—the upper
quartile limit was set at 14 points (out of maximum 24), indicating good adherence to Mediterranean
diet [40].

Nut consumption frequency was assessed using one question, and all types of nuts were included
(tree nuts and peanuts). Subjects were classified into four categories: daily nut consumers (reported nut
intake “every day”), weekly consumers (reported “2–3 times a week” nut intake), monthly (reported
“once a week” or “once a month”) and those who consume nuts infrequently or never (reported
“rarely” or “never”).

2.5. Statistical Analysis

Due to missing values for at least one of the important characteristics needed in the analysis
(anthropometric measurements, biochemistry, medical history or nut consumption), we excluded
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35 subjects from the Island of Vis, 146 subjects from the Island of Korčula, and 23 subjects from the City
of Split. Secondly, we removed 405 subjects, since they reported a previous diagnosis of either coronary
heart disease or cerebrovascular insult. These subjects were included only in the bivariate analyses,
and excluded from all the multivariate analyses of the association of nut consumption with different
cardiovascular risk factors, in order to test the hypothesis only in subjects at risk of cardiovascular
disease. Additionally, a sub-analysis was performed, including only elderly subjects (>65 years of age,
n = 897), who were at an increased risk for cardiovascular diseases.

All categorical variables were described using absolute numbers and percentages, and numerical
variables were described with medians and interquartile ranges (IQR), due to frequent non-normal
distribution. Differences between groups for categorical variables were examined with chi-squared
tests, and for numerical variables with Kruskal–Wallis tests. Post-hoc analyses were performed using
the Mann–Whitney U test for numerical variables and chi-squared tests for categorical variables.

The multivariate analysis included ordinal regression and logistic regression. Ordinal regression
analysis was used to identify the characteristics associated with the ordinal dependent variables:
nut consumption, BMI and fibrinogen (each variable was analysed in a separate model). Covariates
in these three models included sex, age (3 age group categories: 18–34.9 years, 35.0–64.9 years,
and ≥65.0 years, as in our previous study [25]), place of residence (Vis, Korčula, Split), education
attainment, quartiles of material status, smoking, alcohol intake, Mediterranean diet adherence
(MDSS ≥14 points), nut consumption (only in BMI and fibrinogen models), physical activity, WHtR,
and four chronic diseases (hypertension, diabetes, metabolic syndrome, and gout). In all 3 models the
highest value of the ordinal dependent variable was used as a referent point (daily nut consumption;
BMI ≥30 kg/m2; fibrinogen ≥4.0 g/L). Beta values were transformed into odds ratios using the
exponential value of beta, with 95% confidence interval (exponential values of beta’s lower and
upper bounds).

A logistic regression analysis was used to identify the characteristics associated with the
binary outcome variables: BMI, waist circumference, WHR, WHtR as binary outcomes (normal
or elevated), hypertension, diabetes, elevated HbA1c, metabolic syndrome, gout, elevated triglycerides,
elevated cholesterol, elevated LDL cholesterol, and decreased HDL cholesterol. All the logistic
regression models were controlled for known confounding factors: sex, age, cohort effect (place of
residence), years of schooling, quartiles of material status, smoking, alcohol intake, MDSS compliance,
nut consumption, physical activity, WHtR and four chronic diseases (hypertension, diabetes,
metabolic syndrome and gout), except in models where these were dependent variables. Metabolic
syndrome was omitted as a covariate in the regression models for elevated triglycerides, cholesterol,
LDL cholesterol, HDL cholesterol and fibrinogen, due to its failure to meet the model diagnostic criteria
(Hosmer–Lemeshow test). On the other hand, models with chronic diseases as outcome variables
did not include metabolic syndrome as a covariate. Using this approach, all the models built for the
analysis had a good fit (Hosmer and Lemeshow test p-values were > 0.05). Significance level was set
at p < 0.05 (two-sided). All statistical analyses were performed using IBM SPSS Statistics v19 (IBM,
Armonk, NY, USA).

3. Results

This cross-sectional study included 4416 subjects from three populations, two from eastern
Adriatic islands and one mainland population on the coastline. Almost all of the characteristics
differed between the sub-samples according to the place of residence, except the gender composition,
Mediterranean diet serving score (MDSS), and CVI in the medical history (Table 1). Overweight,
obesity and some of the chronic diseases were highly prevalent, with as many as 405 subjects (9.2%)
who reported having CVD in their medical history, and some of them reported having both CHD and
CVI (Table 1). Daily nut consumption was reported in 7.1% of subjects from Split, 4.7% in subjects
from Korčula, while only 2.7% of subjects from the Island of Vis consumed nuts daily (Table 1).
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A high prevalence of metabolic syndrome was observed (as high as 60.9% in Vis), followed by
hypertension (ranged from 23.9% in Split to 30.8% in Korčula), while obesity was also most common
in Vis (26.2%) (Table 1).

Table 1. Demographic characteristics, prevalence of chronic diseases, lifestyle characteristics,
Mediterranean diet compliance (MDSS ≥ 14) and nut consumption frequency according to the place
of residence.

Island of Vis
n = 992

Island of Korčula
n = 2435

City of Split
n = 989 Overall p (Post-Hoc Test p-Values)

Sex; n (%)
0.050 (0.014 VK, 0.158 VS, 0.451 KS)Men 414 (41.7) 907 (37.2) 382 (38.6)

Women 578 (58.3) 1528 (62.8) 607 (61.4)

Age (years);
median (interquartile range (IQR)) 56.00 (23.0) 55.0 (23.0) 52.0 (21.0) <0.001 (<0.001 VK, <0.001 VS, <0.001 KS)

Education (years of schooling);
median (IQR) 11.0 (4.0) 12.0 (3.0) 12.0 (4.0) <0.001 (<0.001 VK, <0.001 VS, <0.001 KS)

Material status;
median (IQR) 10.0 (5.0) 10.0 (3.0) 12.0 (3.0) <0.001 (<0.001 VK, <0.001 VS, <0.001 KS)

BMI (kg/m2); n (%)

<0.001 (<0.001 VK, 0.027 VS, <0.001 KS)
<25.0 (normal) 301 (30.3) 1287 (52.9) 345 (34.9)
25.0–29.9 (overweight) 431 (43.4) 830 (34.1) 429 (43.4)
≥30.0 (obese) 260 (26.2) 318 (13.1) 215 (21.7)

CVD; n (%) 139 (14.0) 214 (8.79) 52 (5.3) <0.001 (<0.001 VK, <0.001 VS, <0.001 KS)
CHD; n (%) 117 (11.8) 184 (7.6) 40 (4.0) <0.001 (<0.001 VK, <0.001 VS, <0.001 VS)
CVI; n (%) 30 (3.0) 50 (2.1) 15 (1.5) 0.061 (0.088 VK, 0.024 VS, 0.297 VS)

Diabetes (history); n (%) 65 (6.6) 174 (7.1) 42 (4.2) 0.007 (0.536 VK, 0.023 VS, 0.002 KS)

Hypertension (history); n (%) 294 (29.6) 750 (30.8) 236 (23.9) <0.001 (0.502 VK, 0.004 VS, <0.001 KS)

Metabolic syndrome; n (%) 604 (60.9) 1048 (45.3) 353 (35.7) <0.001 (<0.001 VK, <0.001 VS, <0.001 VS)

Gout (history); n (%) 63 (6.4) 157 (6.5) 28 (2.8) <0.001 (0.912 VK, <0.001 VS, <0.001 KS )

Smoking; n (%)

<0.001 (<0.001 VK, 0.072 VS, 0.015 KS)
current smoker 283 (28.5) 662 (27.2) 262 (26.5)
ex-smoker 300 (30.2) 551 (22.6) 269 (27.2)
never-smoker 409 (41.2) 1222 (50.2) 458 (46.3)

Alcohol intake; n (%)

<0.001 (<0.001 VK, 0.255 VS, <0.001 KS)
excessive 150 (15.1) 484 (19.9) 130 (13.1)
moderate 435 (43.9) 1137 (46.7) 466 (47.1)
none 407 (41.0) 814 (33.4) 393 (39.7)

Physical activity; n (%)

<0.001 (<0.001 VK, <0.001 VS, <0.001 KS)
light 257 (25.9) 481 (19.8) 351 (35.5)
moderate 574 (57.9) 1698 (69.7) 603 (61.0)
intensive 161 (16.2) 256 (10.5) 35 (3.5)

MDSS ≥ 14 points; n (%) 306 (30.8) 668 (27.4) 300 (30.3) 0.068 (0.045 VK, 0.804 VS, 0.088 KS)

Nut consumption; n (%)

<0.001 (<0.001 VK, <0.001 VS, <0.001 KS)
infrequently or never 785 (79.1) 1162 (47.7) 494 (49.9)
monthly 132 (13.3) 880 (36.1) 264 (26.7)
weekly 48 (4.8) 278 (11.4) 161 (16.3)
daily 27 (2.7) 115 (4.7) 70 (7.1)

BMI: body mass index. CVD: cardiovascular disease. CHD: coronary heart disease. CVI: cerebrovascular insult.
MDSS: Mediterranean Diet Serving Score. p-values for categorical variables were obtained with chi-squared tests,
and for numerical variables with the Kruskal–Wallis test. Post-hoc test p-values for categorical variables were
obtained with chi-squared tests, and for numerical variables with the Mann–Whitney U test. VK Post-hoc test
p-Value: Vis vs. Korčula. VS Post-hoc test p-Value: Vis vs. Split. KS Post-hoc test p-Value: Korčula vs. Split.

A bivariate analysis of the entire sample (n = 4416) revealed that nut consumption frequency was
associated with all of the investigated characteristics, except with HDL cholesterol (Table S1). Daily
consumption was more common in women (75.5% vs. 24.5% in men), subjects who never smoked
(54.7% vs. 19.3% in current smokers), and those compliant with the Mediterranean diet (69.3% vs.
30.7% in non-compliant), suggesting a pattern of a healthier lifestyle (Table S1). Subjects who never
consumed nuts had a higher prevalence of obesity (BMI ≥ 30 kg/m2 in 19.9% non-consumers vs.
12.7% in daily consumers) and a higher prevalence of central obesity (elevated WHR in 74.6% vs.
64.9% in daily consumers, p = 0.002; elevated WHtR in 81.7% non-consumers vs. 75.4% in daily
consumers, p = 0.024; Table S1). A similar pattern was also present in subjects who consumed nuts
weekly and monthly (Table S1). There was no difference in the bivariate analysis for the prevalence of
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elevated cholesterol levels or LDL and HDL cholesterol levels, between daily consumers of nuts and
non-consumers, while triglycerides were more frequently elevated in non-consumers (29.3% vs. 19.3%
in daily consumers, p = 0.002; Table S1). Daily consumers and non-consumers had a similar prevalence
of hypertension, diabetes, and gout, while metabolic syndrome was more frequent in non-consumers
(52.3% vs. 42.6%, p = 0.008, Table S1).

When the confounding variables were taken into account in the multivariate ordinal regression
model and only those subjects without a previous CVD diagnosis were included (N = 4011), several
characteristics remained independently associated with nut consumption (Table 2). Higher odds for
more frequent nut consumption were recorded in women (odds ratio (OR) = 1.39; 95% confidence
interval (CI) 1.19–1.62; p < 0.001), subjects with the highest educational attainment (OR = 1.42; 95% CI
1.15–1.76; p = 0.001, compared to lowest), highest quartile of material status (OR = 1.58; 95% CI
1.29–1.93; p < 0.001, compared to lowest), non-smoking status compared to current smokers (OR = 1.21,
95% CI 1.04–1.42; p = 0.015 in never-smokers and OR = 1.22, 95% CI 1.02–1.46; p = 0.034 in ex-smokers),
and compliance with the Mediterranean diet (OR = 1.87; 95% CI 1.62–2.15; p < 0.001) (Table 2). A similar
finding was also recorded in subjects who were exposed to less intensive physical activity (OR = 1.34;
95% CI 1.04–1.73; p = 0.023 for light and OR = 1.30; 95% CI 1.04–1.63; p = 0.022 for moderate physical
activity, compared to intensive), subjects who were not centrally obese (OR = 1.29; 95% CI 1.09–1.53;
p = 0.003) and those who did not have diabetes (OR = 1.30; 95% CI 1.02–1.66; p = 0.031), or metabolic
syndrome (OR = 1.17; 95% 1.01–1.36; p = 0.042) (Table 2).

Table 2. Characteristics associated with nut consumption, as determined by the ordinal regression
model (sample size is 4011 subjects without a previous diagnosis of cardiovascular diseases;
all independent variables included in the model are listed in the table).

Daily Nut Consumption
Adjusted Odds Ratio (95% Confidence Interval); p-Value

Sex (referent (ref): male)
Female 1.39 (1.19–1.62); <0.001

Age (years, ref: 18–34.9)
≥65.0 0.98 (0.76–1.23); 0.897
35–64.9 1.03 (0.85–1.25); 0.767

Place of residence (ref: Split)
Island of Vis 0.34 (0.28–0.42); <0.001
Island of Korčula 1.12 (0.96–1.31); 0.140

Education (years of schooling, ref: 0–8)
≥13 1.42 (1.15–1.76); 0.001
9–12 1.15 (0.95–1.39); 0.143

Material status (ref: 1st quartile)
4th quartile 1.58 (1.29–1.93); <0.001
3rd quartile 1.17 (0.97–1.42); 0.103
2nd quartile 1.17 (0.97–1.42); 0.096

Smoking (ref: current smoker)
never-smoker 1.21 (1.04–1.42); 0.015
ex-smoker 1.22 (1.02–1.46); 0.034

Alcohol intake (ref: none)
excessive 1.18 (0.96–1.45); 0.123
moderate 1.15 (0.99–1.33); 0.059

MDSS compliance (ref: no)
yes 1.87 (1.62–2.15); <0.001

Physical activity (ref: intensive)
light 1.34 (1.04–1.73); 0.023
moderate 1.30 (1.04–1.63); 0.022

WHtR (≥0.5, ref: yes)
no 1.29 (1.09–1.53); 0.003

Hypertension (systolic ≥140 mmHg or diastolic ≥90 mmHg or treated for hypertension, ref: yes)
no 0.96 (0.82–1.13); 0.633



Nutrients 2017, 9, 1296 8 of 20

Table 2. Cont.

Daily Nut Consumption
Adjusted Odds Ratio (95% Confidence Interval); p-Value

Diabetes (≥7 mmol/L or treated for diabetes type 2, ref: yes)
no 1.30 (1.02–1.66); 0.031

Metabolic syndrome (ref: yes)
no 1.17 (1.01–1.36); 0.042

Gout (uric acid ≥404 µmol/L ♂, ≥338 µmol/L ♀ or
treated for gout, ref: yes)

no 1.04 (0.87–1.25); 0.647

MDSS: Mediterranean Diet Serving Score. WHtR: waist to height ratio. ♂: males. ♀: woman. The responses for
material status were summed and classified into four quartile categories, according to the distribution in the study
population (first quartile with values ≤8, second 9–10, third 11–12, and fourth quartile with values 13–16). Adjusted
odds ratios, 95% confidence intervals and p-Values were calculated using a multivariate ordinal regression model,
simultaneously adjusted for all the covariates listed in this table.

Nut consumption frequency was associated with an elevated waist-to-height ratio (WHtR, overall
p = 0.036) and waist-to-hip ratio (WHR, overall p = 0.033), while no association was recorded for waist
circumference or BMI in subjects without a previous CVD diagnosis (Table 3). Subjects who reported
weekly nut consumption had lower odds for elevated WHtR, compared to those who never consumed
nuts (OR = 0.72, 95% CI 0.54–0.96; p = 0.026), similarly for subjects who consumed nuts monthly
(OR = 0.78, 95% CI 0.63–0.97; p = 0.022). Daily nut consumers exhibited no difference compared to the
non-consumers (OR = 0.70; 95% CI 0.45–1.08; p = 0.104; Table 3). A similar finding was for elevated
WHR, where subjects who consumed nuts weekly and monthly had 23% lower odds for being centrally
obese (OR = 0.77, 95% CI 0.60–0.99; p = 0.045 and OR = 0.77, 95% CI 0.64–0.93; p = 0.007, respectively),
while daily consumers had a non-significant result (OR = 0.87; 95% CI 0.60–1.28; p = 0.485; Table 3).
Other characteristics associated with the presence of central obesity, in both WHtR and WHR models,
included male gender, older age, living in Korčula (compared to Split), lower educational attainment,
ex-smoker status compared to never-smoked (only for WHtR), excessive alcohol intake (only for WHR).
Higher material status (only for WHtR), current smoking, compared to never-smokers, and absence of
hypertension, diabetes (only for WHR), metabolic syndrome and gout were associated with decreased
odds of being centrally obese (Table 3).

Among investigated biochemical parameters, nut consumption was associated with HDL
cholesterol, fibrinogen, total cholesterol and LDL cholesterol, while triglycerides did not exhibit
such an association (Table 4). Subjects who consumed nuts monthly had lower odds for a decreased
level of HDL cholesterol compared to non-consumers (OR = 0.75, 95% CI 0.62–0.92; p = 0.005), while
subjects who consumed nuts weekly and daily also had the same result, but the difference did not
reach statistical significance in pair-wise comparisons, even though the overall p-Value indicated a
significant result (p = 0.026, Table 4). On the other hand, only subjects who consumed nuts weekly
had increased odds for the concomitant presence of increased total cholesterol and LDL cholesterol,
but without overall significance (OR = 1.35, 95% CI 1.02–1.79; p = 0.037 and OR = 1.46, 95% CI 1.11–1.94;
p = 0.008, respectively; Table 4). Subjects who consumed nuts had lower odds for having an elevated
fibrinogen level (OR = 0.66, 95% CI 0.56–0.79; p < 0.001 in monthly consumers, OR = 0.65, 95% CI
0.52–0.83; p < 0.001 in weekly consumers), while for daily consumers the result was just above the
significance threshold limit, Table 4). In a sub-analysis, including only elderly subjects (>65 years of
age) who are at increased risk for cardiovascular diseases, only one statistically significant association
was found: between nut intake and elevated fibrinogen level (OR = 0.58, 95% CI 0.39–0.84; p = 0.004 in
subjects consuming nuts monthly compared to non-consumers; Table S2).
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Table 3. Association of anthropometric indices with nut consumption frequency as determined by the regression models (sample size is 4011 subjects without previous
cardiovascular disease diagnosis; all independent variables included in the model are listed in the table).

Waist-to-Height Ratio (≥0.5)
Adjusted Odds Ratio (95%
Confidence Interval); p-Value

Waist-to-Hip Ratio
(≥0.90 cm ♂, ≥0.85 cm ♀)
Adjusted Odds Ratio (95%
Confidence Interval); p-Value

Waist Circumference
(≥94 cm ♂, ≥80 cm ♀)
Adjusted Odds Ratio (95%
Confidence Interval); p-Value

Body Mass Index
(Referent ≥ 30)
Adjusted Odds Ratio (95%
Confidence Interval); p-Value

Sex (referent (ref): female)
Male 1.97 (1.57–2.46); <0.001 2.55 (2.08–3.12); <0.001 0.35 (0.28–0.43); <0.001 2.34 (2.01–2.73); <0.001

Age (years, ref: 18–34.9) Overall p < 0.001 Overall p < 0.001 Overall p < 0.001 -
≥65 7.95 (5.34–11.85); <0.001 6.70 (4.84–9.29); <0.001 2.85 (2.03–4.01); <0.001 1.55 (1.20–2.00); 0.001
35–64.9 3.64 (2.91–4.55); <0.001 4.12 (3.28–5.17); <0.001 2.45 (1.97–3.05); <0.001 2.06 (1.68–2.54); <0.001

Place of residence (ref: Split)
Island of Vis 0.87 (0.65–1.15); 0.326 1.18 (0.92–1.53); 0.195 0.67 (0.51–0.89); 0.005 0.80 (0.66–0.98); 0.029
Island of Korčula 1.41 (1.14–1.76); 0.002 1.35 (1.11–1.64); 0.003 1.10 (0.88–1.36); 0.410 0.38 (0.32–0.45); <0.001

Education (years of schooling, ref: ≥13) Overall p < 0.001 Overall p < 0.001 Overall p < 0.001 -
0–8 2.36 (1.67–3.34); <0.001 2.42 (1.81–3.24); <0.001 2.06 (1.49–2.86); <0.001 1.23 (1.00–1.52); 0.055
9–12 1.30 (1.06–1.60); 0.013 1.21 (1.00–1.46); 0.054 1.24 (1.01–1.52); 0.041 1.16 (0.99–1.36); 0.068

Material status (ref: 4th quartile) Overall p = 0.017 Overall p = 0.462 Overall p = 0.381 -
1st quartile 0.65 (0.49–0.87); 0.003 0.99 (0.76–1.27); 0.908 0.78 (0.59–1.04); 0.089 0.86 (0.70–1.06); 0.154
2nd quartile 0.94 (0.72–1.22); 0.639 1.17 (0.92–1.47); 0.200 0.93 (0.73–1.20); 0.601 0.88 (0.73–1.07); 0.197
3rd quartile 0.84 (0.65–1.07); 0.157 1.09 (0.87–1.36); 0.444 0.93 (0.73–1.18); 0.560 0.94 (0.78–1.13); 0.498

Smoking (ref: never-smoker) Overall p < 0.001 Overall p = 0.173 Overall p = 0.039 -
current smoker 0.81 (0.66–1.00); 0.046 1.04 (0.86–1.26); 0.657 1.01 (0.82–1.24); 0.952 0.81 (0.69–0.95); 0.011
ex-smoker 1.36 (1.06–1.74); 0.015 1.22 (0.99–1.51); 0.064 1.33 (1.05–1.67); 0.017 1.13 (0.97–1.33); 0.127

Alcohol intake (ref: none) Overall p = 0.454 Overall p = 0.028 Overall p = 0.865 -
excessive 0.93 (0.68–1.27); 0.663 1.46 (1.10–1.93); 0.008 1.03 (0.77–1.37); 0.849 0.83 (0.68–1.02); 0.083
moderate 0.88 (0.72–1.08); 0.212 1.14 (0.95–1.37); 0.147 0.97 (0.79–1.19); 0.735 0.72 (0.62–0.84); <0.001

MDSS compliance (ref: yes)
no 0.94 (0.75–1.16); 0.547 1.18 (0.97–1.42); 0.090 0.87 (0.70–1.08); 0.201 1.23 (1.06–1.42); 0.007
yes 1.00 1.00 1.00 1.00

Nut consumption (ref: infrequently or never) Overall p = 0.036 Overall p = 0.033 Overall p = 0.413 -
daily 0.70 (0.45–1.08); 0.104 0.87 (0.60–1.28); 0.485 0.98 (0.63–1.53); 0.941 0.85 (0.62–1.16); 0.315
weekly 0.72 (0.54–0.96); 0.026 0.77 (0.60–0.99); 0.045 0.84 (0.63–1.11); 0.222 0.92 (0.75–1.14); 0.470
monthly 0.78 (0.63–0.97); 0.022 0.77 (0.64–0.93); 0.007 0.86 (0.70–1.05); 0.147 1.02 (0.88–1.19); 0.774

Physical activity (ref: intensive) Overall p = 0.776 Overall p = 0.986 Overall p = 0.306 -
light 1.07 (0.74–1.55); 0.702 1.03 (0.74–1.42); 0.875 1.25 (0.88–1.77); 0.205 1.17 (0.92–1.49); 0.197
moderate 1.12 (0.81–1.55); 0.505 1.02 (0.77–1.37); 0.872 1.07 (0.79–1.46); 0.645 1.01 (0.82–1.25); 0.891
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Table 3. Cont.

Waist-to-Height Ratio (≥0.5)
Adjusted Odds Ratio (95%
Confidence Interval); p-Value

Waist-to-Hip Ratio
(≥0.90 cm ♂, ≥0.85 cm ♀)
Adjusted Odds Ratio (95%
Confidence Interval); p-Value

Waist Circumference
(≥94 cm ♂, ≥80 cm ♀)
Adjusted Odds Ratio (95%
Confidence Interval); p-Value

Body Mass Index
(Referent ≥ 30)
Adjusted Odds Ratio (95%
Confidence Interval); p-Value

Hypertension (systolic ≥ 140 mmHg or diastolic ≥ 90 mmHg or
treated for hypertension, ref: yes)

No 0.56 (0.42–0.74); <0.001 0.68 (0.54–0.84); <0.001 0.70 (0.54–0.90); 0.006 0.66 (0.57–0.77); <0.001

Diabetes (≥7 mmol/L or treated for diabetes type 2, ref: yes)
No 0.94 (0.56–1.58); 0.815 0.52 (0.34–0.80); 0.003 0.96 (0.61–1.52); 0.862 0.76 (0.61–0.94); 0.013

Metabolic syndrome (ref: yes)
No 0.14 (0.11–0.18); <0.001 0.35 (0.29–0.42); <0.001 0.09 (0.06–0.11); <0.001 0.35 (0.30–0.40); <0.001

Gout (uric acid ≥ 404 µmol/L ♂, ≥338 µmol/L ♀ or gout, ref: yes)
No 0.38 (0.26–0.55); <0.001 0.45 (0.34–0.60); <0.001 0.42 (0.31–0.58); <0.001 0.59 (0.50–0.71); <0.001

MDSS: Mediterranean Diet Serving Score. ♂: males. ♀: woman. Multivariate logistic regression models were built separately for waist-to-height ratio, waist-to-hip ratio and waist
circumference. A multivariate ordinal regression model was used for the analysis of the characteristics associated with Body Mass Index (BMI). Adjusted odds ratios, 95% confidence
intervals and p-Values were calculated using multivariate regression models; each of the four models was simultaneously adjusted for all covariates listed in this table.

Table 4. Characteristics associated with unfavorable biochemical parameters; lipid levels as determined by the multivariate logistic regression models and elevated
fibrinogen as determined by ordinal regression model (sample size is 4011 subjects without previous cardiovascular disease diagnosis; all independent variables
included in the model are listed in the table).

Cholesterol (≥5 mmol/L)
Adjusted Odds Ratio
(95% Confidence
Interval); p-Value

LDL (≥3 mmol/L)
Adjusted Odds Ratio
(95% Confidence
Interval); p-Value

HDL (≤1.03 mmol/L ♂,
≤1.29 mmol/L ♀)
Adjusted Odds Ratio
(95% Confidence
Interval); p-Value

Triglycerides (≥1.7 mmol/L)
Adjusted Odds Ratio (95%
Confidence Interval); p-Value

Fibrinogen (ref: ≥4.0 g/L)
Adjusted Odds Ratio
(95% Confidence Interval);
p-Value

Sex (referent (ref): female)
Male 0.86 (0.71–1.04); 0.128 0.92 (0.76–1.11); 0.364 0.78 (0.63–0.96); 0.020 1.95 (1.62–2.34); <0.001 0.75 (0.63–0.89); 0.001

Age (years, ref: 18–34.9) Overall p < 0.001 Overall p <0.001 Overall p < 0.001 Overall p < 0.001 -
≥65 4.88 (3.59–6.64); <0.001 4.40 (3.26–5.94); <0.001 0.45 (0.32–0.63); <0.001 1.14 (0.81–1.61); 0.446 1.86 (1.39–2.48); <0.001
35–64.9 4.56 (3.67–5.66); <0.001 3.67 (2.96–4.55); <0.001 0.54 (0.42–0.70); <0.001 1.61 (1.20–2.15); 0.001 1.46 (1.16–1.84); 0.001

Place of residence (ref: Split)
Island of Vis 0.97 (0.75–1.26); 0.837 0.71 (0.55–0.91); 0.007 0.10 (0.07–0.14); <0.001 0.68 (0.54–0.87); 0.002 0.51 (0.41–0.63); <0.001
Island of Korčula 0.91 (0.74–1.12); 0.369 0.89 (0.72–1.09); 0.265 0.44 (0.36–0.54); <0.001 0.65 (0.53–0.8); <0.001 0.31 (0.26–0.37); <0.001

Education (years of schooling, ref: ≥13) Overall p = 0.595 Overall p = 0.117 Overall p = 0.703 Overall p = 0.392 -
0–8 1.00 (0.76–1.32); 0.995 0.89 (0.68–1.16); 0.395 1.00 (0.74–1.34); 0.989 1.19 (0.92–1.55); 0.177 1.25 (0.98–1.58); 0.069
9–12 1.09 (0.89–1.33); 0.388 1.12 (0.92–1.36); 0.259 1.08 (0.87–1.33); 0.482 1.06 (0.87–1.30); 0.539 1.25 (1.05–1.50); 0.014
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Table 4. Cont.

Cholesterol (≥5 mmol/L)
Adjusted Odds Ratio
(95% Confidence
Interval); p-Value

LDL (≥3 mmol/L)
Adjusted Odds Ratio
(95% Confidence
Interval); p-Value

HDL (≤1.03 mmol/L ♂,
≤1.29 mmol/L ♀)
Adjusted Odds Ratio
(95% Confidence
Interval); p-Value

Triglycerides (≥1.7 mmol/L)
Adjusted Odds Ratio (95%
Confidence Interval); p-Value

Fibrinogen (ref: ≥4.0 g/L)
Adjusted Odds Ratio
(95% Confidence Interval);
p-Value

Material status (ref: 4th quartile) Overall p = 0.495 Overall p = 0.775 Overall p = 0.010 Overall p = 0.240 -
1st quartile 1.17 (0.90–1.52); 0.244 1.07 (0.83–1.37); 0.625 0.85 (0.64–1.12); 0.246 1.22 (0.94–1.57); 0.128 0.80 (0.64–1.00); 0.054
2nd quartile 0.98 (0.77–1.24); 0.842 0.98 (0.77–1.23); 0.843 1.02 (0.80–1.31); 0.873 1.23 (0.98–1.56); 0.078 0.73 (0.60–0.90); 0.003
3rd quartile 1.06 (0.84–1.33); 0.649 1.08 (0.86–1.36); 0.506 1.29 (1.02–1.63); 0.034 1.23 (0.98–1.54); 0.068 0.80 (0.65–0.97); 0.025

Smoking (ref: never-smoker) Overall p = 0.311 Overall p = 0.364 Overall p < 0.001 Overall p < 0.001 -
current smoker 1.13 (0.93–1.38); 0.215 1.15 (0.95–1.40); 0.158 1.63 (1.32–2.00); <0.001 1.69 (1.39–2.06); <0.001 1.11 (0.93–1.32); 0.244
ex-smoker 1.15 (0.93–1.43); 0.203 1.07 (0.87–1.32); 0.505 1.07 (0.85–1.34); 0.562 1.30 (1.07–1.58); 0.009 1.03 (0.86–1.23); 0.746

Alcohol intake (ref: none) Overall p = 0.071 Overall p = 0.838 Overall p < 0.001 Overall p = 0.250 -
excessive 1.38 (1.05–1.82); 0.022 1.05 (0.81–1.37); 0.703 0.49 (0.37–0.65); <0.001 1.04 (0.81–1.34); 0.744 0.58 (0.46–0.74); <0.001
moderate 1.10 (0.91–1.32); 0.344 0.98 (0.82–1.18); 0.832 0.63 (0.52–0.76); <0.001 0.89 (0.74–1.07); 0.227 0.82 (0.70–0.96); 0.015

MDSS compliance (ref: yes)
no 0.94 (0.77–1.15); 0.543 1.01 (0.84–1.23); 0.881 1.18 (0.96–1.45); 0.112 0.93 (0.78–1.12); 0.437 0.78 (0.66–0.91); 0.002

Nut consumption (ref: infrequently or never) Overall p = 0.169 Overall p = 0.063 Overall p = 0.026 Overall p = 0.494 -
daily 1.26 (0.83–1.92); 0.281 1.11 (0.75–1.65); 0.599 0.74 (0.48–1.13); 0.160 0.78 (0.52–1.16); 0.221 0.71 (0.51–1.01); 0.051
weekly 1.35 (1.02–1.79); 0.037 1.46 (1.11–1.94); 0.008 0.81 (0.62–1.07); 0.141 0.86 (0.65–1.13); 0.270 0.65 (0.52–0.83); <0.001
monthly 1.05 (0.86–1.27); 0.648 1.03 (0.85–1.24); 0.789 0.75 (0.62–0.92); 0.005 0.95 (0.79–1.15); 0.619 0.66 (0.56–0.79); <0.001

Physical activity (ref: intensive) Overall p = 0.766 Overall p = 0.632 Overall p = 0.053 Overall p = 0.182 -
light 0.89 (0.65–1.23); 0.487 1.01 (0.75–1.36); 0.954 1.02 (0.73–1.42); 0.914 1.13 (0.85–1.51); 0.395 1.05 (0.80–1.37); 0.713
moderate 0.94 (0.71–1.25); 0.678 1.09 (0.84–1.42); 0.514 0.81 (0.60–1.10); 0.178 0.95 (0.74–1.22); 0.685 0.91 (0.72–1.15); 0.437

WHtR (≥0.5, ref: yes)
no 0.53 (0.43–0.65); <0.001 0.47 (0.38–0.57); <0.001 0.41 (0.32–0.52); <0.001 0.29 (0.22–0.38); <0.001 0.74 (0.61–0.90); 0.002

Hypertension (systolic ≥ 140 mmHg or
diastolic ≥ 90 mmHg or treated for
hypertension, ref: yes)

no 0.90 (0.72–1.11); 0.304 0.91 (0.74–1.11); 0.357 0.80 (0.66–0.99); 0.036 0.68 (0.57–0.81); <0.001 0.89 (0.75–1.05); 0.161

Diabetes (≥7 mmol/L or treated for diabetes
type 2, ref: yes)

no 1.48 (1.11–1.98); 0.007 1.54 (1.17–2.03); 0.002 0.56 (0.42–0.74); <0.001 0.57 (0.45–0.73); <0.001 0.86 (0.67–1.10); 0.221

Gout (uric acid ≥404 µmol/L ♂, ≥338
µmol/L ♀ or gout, ref: yes)

no 0.80 (0.63–1.03); 0.083 1.04 (0.83–1.30); 0.740 0.63 (0.50–0.80); <0.001 0.41 (0.34–0.50); <0.001 1.01 (0.83–1.23); 0.895

MDSS—Mediterranean Diet Serving Score. WHtR—waist-to-height ratio. ♂: males. ♀: woman. Multivariate logistic regression models were built separately for cholesterol, LDL, HDL and
triglycerides. Multivariate ordinal regression model was used for the analysis of the characteristics associated with elevated fibrinogen. Adjusted odds ratios, 95% confidence intervals and
p-Values were calculated using multivariate regression models; each of the five models presented here was simultaneously adjusted for all covariates listed in this table.
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Table 5. Characteristics associated with hypertension, diabetes, metabolic syndrome and gout as determined by the multivariate logistic regression analyses (sample
size is 4011 subjects without previous cardiovascular disease diagnosis; all independent variables included in the model are listed in the table).

Hypertension (Systolic ≥140 mmHg
or Diastolic ≥90 mmHg or Treated
for Hypertension)
Adjusted Odds Ratio (95%
Confidence Interval); p-Value

Diabetes (≥7 mmol/L or
Treated for Diabetes Type 2)
Adjusted Odds Ratio (95%
Confidence Interval); p-Value

Elevated HbA1c (≥6.5 mmol/L
or Treated for Diabetes Type 2)
Adjusted Odds Ratio (95%
Confidence Interval); p-Value

Metabolic Syndrome
Adjusted Odds Ratio
(95% Confidence
Interval); p-Value

Gout (Uric Acid ≥404 mmol/L
♂-≥338 mmol/L ♀ or Gout)
Adjusted Odds Ratio (95%
Confidence Interval); p-Value

Sex (referent (ref): female)
male 1.29 (1.06–1.56); 0.011 2.32 (1.74–3.09); <0.001 1.77 (1.29–2.42); <0.001 0.71 (0.59–0.86); <0.001 1.91 (1.55–2.37); <0.001

Age (years, ref: 18–34.9) Overall p < 0.001 Overall p = 0.002 Overall p = 0.006 Overall p < 0.001 Overall p = 0.070
≥65 10.75 (6.66–17.36); <0.001 3.69 (1.69–8.03); 0.001 3.43 (1.42–8.31); 0.006 3.16 (2.24–4.47); <0.001 1.24 (0.83–1.86); 0.294
35–64.9 5.37 (3.41–8.46); <0.001 2.71 (1.28–5.73); 0.009 2.46 (1.04–5.79); 0.040 2.24 (1.66–3.02); <0.001 0.96 (0.67–1.38); 0.833

Place of residence (ref: Split)
Island of Vis 0.62 (0.48–0.80); <0.001 0.97 (0.65–1.44); 0.876 0.96 (0.61–1.50); 0.844 2.19 (1.71–2.80); <0.001 1.44 (1.07–1.93); 0.015
Island of Korčula 0.98 (0.80–1.22); 0.888 1.25 (0.88–1.77); 0.206 1.64 (1.11–2.43); 0.013 1.09 (0.89–1.34); 0.392 1.19 (0.92–1.53); 0.186

Education (years of schooling, ref: ≥13) Overall p = 0.001 Overall p = 0.087 Overall p = 0.089 Overall p = 0.002 Overall p = 0.006
0–8 1.44 (1.11–1.86); 0.006 1.52 (1.03–2.24); 0.035 1.51 (0.99–2.3); 0.056 1.44 (1.11–1.86); 0.006 1.62 (1.21–2.18); 0.001
9–12 0.93 (0.75–1.15); 0.494 1.17 (0.84–1.65); 0.352 1.11 (0.76–1.61); 0.599 0.98 (0.81–1.20); 0.866 1.24 (0.97–1.58); 0.086

Material status (ref: 4th quartile) Overall p = 0.062 Overall p = 0.381 Overall p = 0.062 Overall p = 0.957 Overall p = 0.372
1st quartile 1.33 (1.03–1.71); 0.029 1.31 (0.88–1.94); 0.178 1.67 (1.07–2.60); 0.025 0.96 (0.75–1.24); 0.770 0.81 (0.61–1.08); 0.154
2nd quartile 1.25 (0.98–1.58); 0.070 1.37 (0.94–2.00); 0.100 1.63 (1.06–2.52); 0.027 0.94 (0.74–1.18); 0.573 0.79 (0.61–1.04); 0.094
3rd quartile 1.03 (0.82–1.30); 0.802 1.33 (0.91–1.92); 0.137 1.75 (1.15–2.68); 0.010 0.97 (0.78–1.21); 0.780 0.87 (0.67–1.13); 0.306

Smoking (ref: never-smoker) Overall p = 0.001 Overall p = 0.706 Overall p = 0.698 Overall p = 0.897 Overall p < 0.001
current smoker 0.65 (0.53–0.80); <0.001 0.88 (0.63–1.21); 0.418 0.86 (0.60–1.22); 0.398 1.04 (0.86–1.27); 0.664 0.67 (0.52–0.86); 0.002
ex-smoker 0.78 (0.64–0.95); 0.014 0.93 (0.70–1.25); 0.647 0.97 (0.70–1.33); 0.832 1.03 (0.85–1.26); 0.747 1.27 (1.02–1.57); 0.031

Alcohol intake (ref: none) Overall p = 0.969 Overall p = 0.062 Overall p = 0.005 Overall p = 0.057 Overall p = 0.005
excessive 0.99 (0.76–1.28); 0.921 0.81 (0.56–1.18); 0.274 0.69 (0.46–1.04); 0.076 1.14 (0.88–1.47); 0.312 1.60 (1.21–2.13); 0.001
moderate 1.01 (0.84–1.23); 0.882 0.71 (0.54–0.94); 0.019 0.60 (0.44–0.82); 0.001 0.88 (0.73–1.06); 0.170 1.27 (1.01–1.58); 0.038

MDSS compliance (ref: yes)
no 1.14 (0.95–1.37); 0.152 0.66 (0.51–0.86); 0.002 0.57 (0.43–0.75); <0.001 0.99 (0.83–1.19); 0.932 1.15 (0.93–1.42); 0.194

Nut consumption (ref: infrequently or never) Overall p = 0.248 Overall p = 0.212 Overall p = 0.355 Overall p = 0.103 Overall p = 0.435
daily 1.15 (0.79–1.68); 0.470 0.58 (0.31–1.08); 0.088 0.67 (0.35–1.26); 0.210 0.83 (0.57–1.21); 0.338 1.13 (0.73–1.76); 0.577
weekly 0.91 (0.69–1.20); 0.516 0.77 (0.50–1.18); 0.233 0.85 (0.54–1.34); 0.475 0.88 (0.68–1.14); 0.339 0.97 (0.71–1.33); 0.868
monthly 1.17 (0.97–1.41); 0.109 0.84 (0.63–1.12); 0.247 0.80 (0.58–1.09); 0.155 0.80 (0.66–0.96); 0.016 0.85 (0.68–1.06); 0.150
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Table 5. Cont.

Hypertension (Systolic ≥140 mmHg
or Diastolic ≥90 mmHg or Treated
for Hypertension)
Adjusted Odds Ratio (95%
Confidence Interval); p-Value

Diabetes (≥7 mmol/L or
Treated for Diabetes Type 2)
Adjusted Odds Ratio (95%
Confidence Interval); p-Value

Elevated HbA1c (≥6.5 mmol/L
or Treated for Diabetes Type 2)
Adjusted Odds Ratio (95%
Confidence Interval); p-Value

Metabolic Syndrome
Adjusted Odds Ratio
(95% Confidence
Interval); p-Value

Gout (Uric Acid ≥404 mmol/L
♂-≥338 mmol/L ♀ or Gout)
Adjusted Odds Ratio (95%
Confidence Interval); p-Value

Physical activity (ref: intensive) Overall p = 0.518 Overall p = 0.063 Overall p = 0.009 Overall p = 0.046 Overall p = 0.275
light 0.87 (0.65–1.17); 0.355 1.66 (1.08–2.55); 0.021 2.15 (1.31–3.52); 0.002 0.98 (0.73–1.32); 0.909 1.31 (0.94–1.82); 0.114
moderate 0.86 (0.66–1.11); 0.253 1.34 (0.91–1.97); 0.135 1.64 (1.04–2.57); 0.032 0.80 (0.62–1.04); 0.093 1.23 (0.92–1.64); 0.165

WHtR (≥0.5, ref: yes)
no 0.52 (0.39–0.68); <0.001 1.00 (0.6–1.66); 0.986 0.57 (0.30–1.08); 0.083 0.14 (0.10–0.18); <0.001 0.39 (0.27–0.57); <0.001

Hypertension (systolic ≥140 mmHg or
diastolic ≥90 mmHg or treated for
hypertension, ref: yes)

no na 0.56 (0.43–0.72); <0.001 0.58 (0.44–0.77); <0.001 0.33 (0.28–0.40); <0.001 0.50 (0.41–0.61); <0.001

Diabetes (≥7 mmol/L or treated for diabetes
type 2, ref: yes)

no 0.57 (0.44–0.74); <0.001 na na 0.19 (0.14–0.27); <0.001 0.91 (0.69–1.19); 0.488

Metabolic syndrome (ref: yes)
no 0.33 (0.28–0.40); <0.001 0.18 (0.13–0.26); <0.001 0.25 (0.18–0.36); <0.001 na 0.61 (0.49–0.75); <0.001

Gout (Uric acid ≥404 µmol/L ♂,
≥338 µmol/L ♀ or gout, ref: yes)

no 0.50 (0.41–0.61); <0.001 0.90 (0.69–1.18); 0.453 0.86 (0.64–1.15); 0.306 0.61 (0.49–0.75); <0.001 na

MDSS: Mediterranean Diet Serving Score. WHtR: waist-to-height ratio. Na: not applicable. ♂: males. ♀: woman. Multivariate logistic regression models were built separately for
hypertension, diabetes, metabolic syndrome and gout. Adjusted odds ratios, 95% confidence intervals and p-Values were calculated using multivariate logistic regression; each of the four
models was simultaneously adjusted for all covariates listed in this table, with an exception of excluding predictor variables in models where those variables were the outcome variables
(marked with “na”).
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When clinical outcomes were investigated for the association between nut intake and presence
of chronic diseases, only one result was significant: monthly consumers had 20% lower odds for
having metabolic syndrome compared to the never-consumers (OR = 0.80, 95% CI 0.66–0.96; p = 0.016;
Table 5). Interestingly, participants who did not adhere to the Mediterranean diet had lower odds for
the concomitant presence of both diabetes and elevated HbA1c (OR = 0.66, 95% CI 0.51–0.86; p = 0.002;
OR = 0.57, 95% CI 0.43–0.75; p < 0.001, respectively; Table 5), which indicates that subjects with diabetes
had better adherence to this preventative nutritional pattern. There was no association between nut
intake and hypertension or gout presence (Table 5). In a sub-analysis, including only participants older
than >65 years of age, there was only one significant association with nut intake: elevated HbA1c
(OR = 0.29, 95% CI 0.10–0.87; p = 0.028 in daily nut consumers compared to non-consumers; Table S3).

4. Discussion

The results of this study indicate that as low as 5% of all subjects reported daily, and 11% reported
weekly, nut consumption. More frequent nut consumption was reported by women, people with
the highest level of education and material status and those with healthier lifestyles—non-smokers,
more adherent to the Mediterranean diet and in subjects who were free from central obesity, diabetes
and metabolic syndrome. Subjects who reported weekly and monthly nut intake were less likely to
suffer from elevated waist-to-height and waist-to-hip ratios, elevated fibrinogen and reduced HDL
cholesterol, compared to non-consumers.

A low prevalence of nut consumption was previously reported in Croatia—as low as 5.5% of island
inhabitants reported daily nut consumption [25]. This percent varies even across the Mediterranean
region, ranging from 55% of women in Southern Spain [40], to as low as 8% in the Molise region of
Italy [41]. However, these figures also seem to show a positive pattern of change across time, as seen
in the case of Northern Italy, where an increase in nut consumption was recorded between 2010 and
2016 [22]. A similar increase in nut consumption in the population of Southern Croatia can be seen
only within the population of the City of Split, where 7% of participants consumed nuts daily in
2008–2009 period, while in 2012–2013 period, there 11% were daily consumers [25]. The same pattern
was not present in the remote island populations of Vis, possibly due to less favorable socioeconomic
environment and remoteness.

A recent study in New Zealand investigated predictors of nut consumption, where the daily whole
nut consumption frequency of 6.9% was similar to our findings [29]. That study identified several
factors associated with daily nut consumption: older age (51–70 years OR = 5.99, 95% CI 2.84–12.66),
while overweight and obese subjects had reduced odds for daily whole nut intake (0.62, 0.39–0.97 in
overweight, and 0.54, 0.33–0.89 in obese subjects) [29]. Additionally, the mean amount of whole nuts
eaten in grams per day was associated with sex, age, ethnicity and deprivation, an area-based measure
which reflected both material and social deprivation [29]. Similar results were obtained in our study,
except that we did not detect the age effect on nut consumption.

Nut consumption, in this study, was associated with reduced odds for decreased HDL cholesterol
and reduced odds for increased fibrinogen, while total cholesterol and LDL cholesterol did not reach
the significance level (when the overall p-Value was observed) and triglycerides did not exhibit any
association with nut intake within this study. Previous studies have also shown various results in regard
to the impact of nut consumption on blood lipid levels. Some have found beneficial effects, while others
did not record any difference in blood lipids between nut consumers and non-consumers [14,17,42–44].
A possible explanation for these findings is in the different definitions used for nut consumption (type,
frequency and amount of nuts consumed), different time frames of follow-up and different confounding
factors taken into account. For instance, in a Cochrane review and meta-analysis with three trials
included, substantial heterogeneity was found between the trials for the effect of nut consumption on
total cholesterol and triglyceride levels, while for HDL cholesterol and LDL cholesterol, no effect of
nut consumption has been identified [17].
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Subjects in this study who consumed nuts weekly and monthly had lower odds for having an
elevated fibrinogen level, which is considered an inflammatory marker. This is a confirmation of
a previous finding of lower levels of fibrinogen (and other inflammatory markers) in people who
consumed nuts and seeds more frequently [45]. In regard to this, the finding of a recent study in the
urban population of Catania, Italy, was particularly interesting because it demonstrated that the main
dietary sources of total polyphenols were nuts [46]. It is therefore plausible that the cardiovascular
diseases risk reduction effect of nut intake is, at least in part, due to these compounds, which are well
known to counteract the burden of oxidative stress and thus limit the effects of cellular aging [47].

The nut intake effect on glucose and insulin levels and diabetes risk has also been previously
investigated. The majority of studies have shown a beneficial impact of nut consumption. For example,
a meta-analysis of 12 randomized controlled dietary trials, including individuals with diabetes showed
that daily nut consumption (a median dose of 56 g/day over ≥3 weeks) lowered HbA1c by 0.07%
(95% CI: −0.10, −0.03%; p = 0.0003) and fasting glucose by 0.15 mmol/L (95% CI: −0.27, −0.02 mmol/L;
p = 0.03), compared to control diets [15]. Another meta-analysis, including 25 observational studies
and two clinical trials, found that nut consumption was associated with a reduction in diabetes
risk by 13% (based on six studies and 13,308 events; RR: 0.87, 95% CI 0.81–0.94) [48]. Furthermore,
the PREDIMED study showed that people who consumed a Mediterranean diet enriched with daily
nut intake (30 g/day; 15 g of walnuts, 7.5 g of hazelnuts, and 7.5 g of almonds) had an 18% reduction
in risk for the incidence of diabetes (hazard ratio of 0.82, 95% CI 0.61–1.10) compared to the control
group, who received advice on a low-fat diet [28]. Our cross-sectional study failed to confirm these
results. On the contrary, subjects who did not comply with a Mediterranean diet had lower odds for the
presence of diabetes and elevated HbA1c (OR = 0.66, 95% CI 0.51–0.86 and OR = 0.57, 95% CI 0.43–0.75,
respectively). Since this is a cross-sectional study, this result is easily explained by the adoption of a
healthy dietary pattern in those who were diagnosed with type 2 diabetes, as a tertiary prevention
measure. A similar result was recorded for total and LDL cholesterol, since subjects who consumed
nuts weekly presented increased odds for concomitant presence of increased levels of these blood
lipids. This finding could also be a consequence of a high-fat diet content, which has been shown to
raise plasma cholesterol, LDL cholesterol, and HDL cholesterol [49].

More frequent nut consumption in this study was also seen in subjects who were free from diabetes,
metabolic syndrome and central obesity (defined by the waist-to-height and waist-to-hip ratios). At the
same time, there was no association with direct measures, namely waist circumference and BMI.
Interestingly, relative measures have been shown to be better for detecting cardiometabolic risk factors
and adverse health outcomes [33], indirectly suggesting that nuts could be contributing to the favorable
cardiovascular profile. A large population-based cohort study, with over 370,000 people, reported
that those who consumed nuts >1 time/week exhibited a slightly reduced weight gain (−0.10 kg;
95% CI −0.15, −0.04) over a 5 year of follow-up period (compared to non-consumers), and had
a 5% lower risk of becoming overweight or obese, compared to non-consumers [11]. A potential
explanation for these findings could be found in the high satiety effect of nuts, such as almonds, whose
consumption has been shown to have the same satiety impact as baked foods with the equivalent
energy and macronutrient content [50]. A similar result was obtained in another experimental study in
subjects at increased risk of type 2 diabetes, where almond consumption, especially eaten as a snack,
lowered serum glucose responses post-prandially and managed to reduce hunger and desire to eat [51].
Another study confirmed that the metabolizable energy value of walnuts was as much as 21% smaller
than predicted, possibly explaining why nut intake should not be considered a risk factor for excessive
weight gain [52], especially if consumed moderately (about 30 g per day). These findings are especially
important, given the trends of obesity worldwide, since nut consumption could be used in metabolism
and appetite control. Systematic education about the potential health benefits of nut intake, with a
special emphasis on the absence of obesity risk, for both health professionals and lay population is
needed. Good quality studies and evidence based dietary guidelines should be put forward in health
education and promotion, in order to clarify doubts and correct erroneous assumptions about nut
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intake. Indeed, an international group of authors recently published lifestyle recommendations for
the prevention and management of metabolic syndrome and these included the consumption of nuts,
alongside legumes, cereals (whole grains), fruits, vegetables, fish, and low-fat dairy products [53].

Habitual nut intake, as a preventive measure, could offer protection against cardiovascular disease
complications and death, especially in people with lower adherence to the Mediterranean diet [14,41]
and diabetes [43]. We found no such association between nut intake and the presence of the diagnosis
of hypertension, diabetes or gout, but we did find some indication of the association between monthly
nut intake and lower odds for metabolic syndrome presence (OR = 0.80, 95% CI 0.66–0.96). A recent
meta-analysis of randomized controlled trials also identified a beneficial effect of tree nuts on metabolic
syndrome criteria, through modest decreases in triglycerides and fasting blood glucose [54].

Study Limitations and Advantages

Study limitations include cross-sectional study design, which cannot establish a causal relationship
between the cause and the effect. Namely, participants who experienced a decline in their health could
have started consuming nuts as a preventive measure, which could be seen in observed association
between weekly nut consumption and elevated cholesterol and LDL cholesterol. Recall bias and
other types of bias, like volunteer bias, due to the convenience sampling approach, and confounding
by indication, could have affected the results and conclusions. The question on nut consumption
included all nuts, not distinguishing between different types of nuts or the amount of consumed nuts,
which disabled us from further detailed characterization of specific nut consumption. A low frequency
of 5% of daily nut consumers could have affected the statistical power for detecting the association
between daily nut intake and investigated risk factors. This could explain the results obtained in the
regression models, without any statistically significant result for the association between daily nut
intake and the outcomes compared to non-consumers, unlike for weekly and monthly nut intake
groups. Additionally, this study was stretched over a 2003–2015 period, and performed as a series of
cross-sectional studies, introducing the possibility for time trends in nut consumption of unknown
direction to influence the results differently in the three observed populations, according to the place
of residence. Each study site was sampled in different time periods, which were never over-lapping.
This issue was mitigated by using the multivariate approach in the analysis, and the place of residence
was one of the predictors included in the models. The future research direction that could corroborate
current findings is a follow-up analysis of the nut intake frequency and the association of nut intake
and health outcomes in this population. Further study should also take into account the effect of aging
and the trend of nut consumption.

Interestingly, we found that a less intense physical activity level was also associated with more
frequent nut consumption. This particular finding could be explained by the fact that self-reported
physical activity level did not describe only leisure physical activities promoting health, like sports
or gym, but an overall daily living activity, including work. The minority of subjects who reported
intensive physical activity (10%) most commonly were manual workers, who usually have a lesser
educational level, which in turn could be associated with decreased health awareness and reduced
odds of nut consumption.

The advantage of the study is its relatively large sample size, gathered from a general population
in the Mediterranean region of Croatia. Another good aspect of this study is the analysis of the
association of nut intake with many health outcomes, which is seldom seen in the literature. To the
best of our knowledge, this is the first study that has examined both the characteristics associated with
habitual nut consumption frequency and the association between nut intake and cardiovascular health
related risks in Croatia and beyond.

This study adds new insights into the existing knowledge of factors associated with nut intake
and the impact of nut consumption on human health. Still, there is much to be investigated, since there
are many discrepancies in results from different studies, especially con the effect of nut intake on
intermediate risk factors, like blood lipid levels, and also on clinical endpoints (cardiovascular diseases,
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diabetes, cancer, etc.). In order to elucidate the actual mechanisms and unbiased effects of nut intake on
various health outcomes, a larger size and well controlled experimental study (for many confounding
factors) and of longer duration is needed. A good model could be found in the PREDIMED study,
but within that study, nuts were used on top of the Mediterranean diet intervention, so it was not
easy to estimate the effects of nuts themselves [28]. Nevertheless, there is a sufficient amount of
evidence pointing to various health benefits of habitual nut intake, which should be included in the
recommendations for prevention and management of overweight and obesity, as well as common
cardiovascular risk factors.

5. Conclusions

The results of this study bring forward important findings, identifying several factors associated
with more frequent habitual nut intake and beneficial associations between nut intake and several
cardiovascular risk factors. Given the potential health benefits of nut consumption, these insights
should be taken into account when planning for cardiovascular health interventions and their
implementations, on both an individual and population level.

Supplementary Materials: The following are available online at www.mdpi.com/2072-6643/9/12/1296/s1.

Acknowledgments: This study was funded by grants from the Medical Research Council (UK), European
Commission Framework 6 project EUROSPAN (Contract No. LSHG-CT-2006-018947), European Commission
Framework 7 project BBMRI-LPC (FP7 313010), the Republic of Croatia Ministry of Science, Education and Sports
research grant (216-1080315-0302), the Croatian Science Foundation (grant 8875), Research Centre of Excellence
for Personalized Health Care, and Centre for Competencies in Molecular Medicine and Personalized Medicine.
We would like to acknowledge the staff of several institutions in Croatia that supported the field work, especially
Institute for Anthropological Research from Zagreb, Croatia. Funds for covering the costs to publish in open
access come from scientists’ personal grant awarded to IK from the Republic of Croatia Ministry of Science
and Education.

Author Contributions: A.R., C.H., O.P. and I.K. conceived and designed this study; C.H. and O.P. secured the
funding of the study (from the sources acknowledged above); all the authors performed the data acquisition;
A.R. and I.K. analyzed the data; A.R. and I.K. wrote the draft of the paper, all authors participated in discussions
leading to intellectual content and approved the final version for publication. All authors are held accountable for
all aspects of the work in ensuring that questions related to the accuracy or integrity of any part of the work are
appropriately investigated and resolved.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Ros, E. Health benefits of nut consumption. Nutrients 2010, 2, 652–682. [PubMed]
2. Bolling, B.W.; Chen, C.Y.; McKay, D.L.; Blumberg, J.B. Tree nut phytochemicals: Composition, antioxidant

capacity, bioactivity, impact factors. A systematic review of almonds, brazils, cashews, hazelnuts,
macadamias, pecans, pine nuts, pistachios and walnuts. Nutr. Res. Rev. 2011, 24, 244–275. [CrossRef]
[PubMed]

3. Aune, D.; Keum, N.; Giovannucci, E.; Fadnes, L.T.; Boffetta, P.; Greenwood, D.C.; Tonstad, S.; Vatten, L.J.;
Riboli, E.; Norat, T. Nut consumption and risk of cardiovascular disease, total cancer, all-cause and
cause-specific mortality: A systematic review and dose-response meta-analysis of prospective studies.
BMC Med. 2016, 14, 207. [CrossRef] [PubMed]

4. Mayhew, A.J.; de Souza, R.J.; Meyre, D.; Anand, S.S.; Mente, A. A systematic review and meta-analysis of
nut consumption and incident risk of cvd and all-cause mortality. Br. J. Nutr. 2016, 115, 212–225. [PubMed]

5. Hosseinpour-Niazi, S.; Hosseini, S.; Mirmiran, P.; Azizi, F. Prospective study of nut consumption and
incidence of metabolic syndrome: Tehran lipid and glucose study. Nutrients 2017, 9, 1056. [CrossRef]
[PubMed]

6. Schwingshackl, L.; Hoffmann, G.; Missbach, B.; Stelmach-Mardas, M.; Boeing, H. An umbrella review of
nuts intake and risk of cardiovascular disease. Curr. Pharm. Des. 2017, 23, 1016–1027. [CrossRef] [PubMed]

7. Bao, Y.; Han, J.; Hu, F.B.; Giovannucci, E.L.; Stampfer, M.J.; Willett, W.C.; Fuchs, C.S. Association of nut
consumption with total and cause-specific mortality. N. Engl. J. Med. 2013, 369, 2001–2011. [CrossRef]
[PubMed]

www.mdpi.com/2072-6643/9/12/1296/s1
http://www.ncbi.nlm.nih.gov/pubmed/22254047
http://dx.doi.org/10.1017/S095442241100014X
http://www.ncbi.nlm.nih.gov/pubmed/22153059
http://dx.doi.org/10.1186/s12916-016-0730-3
http://www.ncbi.nlm.nih.gov/pubmed/27916000
http://www.ncbi.nlm.nih.gov/pubmed/26548503
http://dx.doi.org/10.3390/nu9101056
http://www.ncbi.nlm.nih.gov/pubmed/28946607
http://dx.doi.org/10.2174/1381612822666161010121356
http://www.ncbi.nlm.nih.gov/pubmed/27748190
http://dx.doi.org/10.1056/NEJMoa1307352
http://www.ncbi.nlm.nih.gov/pubmed/24256379


Nutrients 2017, 9, 1296 18 of 20

8. Luu, H.N.; Blot, W.J.; Xiang, Y.B.; Cai, H.; Hargreaves, M.K.; Li, H.; Yang, G.; Signorello, L.; Gao, Y.T.;
Zheng, W.; et al. Prospective evaluation of the association of nut/peanut consumption with total and
cause-specific mortality. JAMA Intern. Med. 2015, 175, 755–766. [CrossRef] [PubMed]

9. Schwingshackl, L.; Schwedhelm, C.; Hoffmann, G.; Lampousi, A.M.; Knuppel, S.; Iqbal, K.; Bechthold, A.;
Schlesinger, S.; Boeing, H. Food groups and risk of all-cause mortality: A systematic review and meta-analysis
of prospective studies. Am. J. Clin. Nutr. 2017, 105, 1462–1473. [CrossRef] [PubMed]

10. Grosso, G.; Yang, J.; Marventano, S.; Micek, A.; Galvano, F.; Kales, S.N. Nut consumption on all-cause,
cardiovascular, and cancer mortality risk: A systematic review and meta-analysis of epidemiologic studies.
Am. J. Clin. Nutr. 2015, 101, 783–793. [CrossRef] [PubMed]

11. Freisling, H.; Noh, H.; Slimani, N.; Chajes, V.; May, A.M.; Peeters, P.H.; Weiderpass, E.; Cross, A.J.; Skeie, G.;
Jenab, M.; et al. Nut intake and 5-year changes in body weight and obesity risk in adults: Results from the
epic-panacea study. Eur. J. Nutr. 2017, 21, 017–1513. [CrossRef] [PubMed]

12. Storniolo, C.E.; Casillas, R.; Bullo, M.; Castaner, O.; Ros, E.; Saez, G.T.; Toledo, E.; Estruch, R.;
Ruiz-Gutierrez, V.; Fito, M.; et al. A mediterranean diet supplemented with extra virgin olive oil or nuts
improves endothelial markers involved in blood pressure control in hypertensive women. Eur. J. Nutr. 2017,
56, 89–97. [CrossRef] [PubMed]

13. Lelong, H.; Blacher, J.; Baudry, J.; Adriouch, S.; Galan, P.; Fezeu, L.; Hercberg, S.; Kesse-Guyot, E. Individual
and combined effects of dietary factors on risk of incident hypertension: Prospective analysis from the
nutrinet-sante cohort. Hypertension 2017, 70, 712–720. [CrossRef] [PubMed]

14. Sabate, J.; Oda, K.; Ros, E. Nut consumption and blood lipid levels: A pooled analysis of 25 intervention
trials. Arch. Intern. Med. 2010, 170, 821–827. [CrossRef] [PubMed]

15. Viguiliouk, E.; Kendall, C.W.; Blanco Mejia, S.; Cozma, A.I.; Ha, V.; Mirrahimi, A.; Jayalath, V.H.;
Augustin, L.S.; Chiavaroli, L.; Leiter, L.A.; et al. Effect of tree nuts on glycemic control in diabetes:
A systematic review and meta-analysis of randomized controlled dietary trials. PLoS ONE 2014, 9, e103376.
[CrossRef] [PubMed]

16. Jamshed, H.; Gilani, A.U.; Sultan, F.A.; Amin, F.; Arslan, J.; Ghani, S.; Masroor, M. Almond supplementation
reduces serum uric acid in coronary artery disease patients: A randomized controlled trial. Nutr. J. 2016,
15, 77. [CrossRef] [PubMed]

17. Martin, N.; Germanò, R.; Hartley, L.; Adler, A.J.; Rees, K. Nut consumption for the primary prevention of
cardiovascular disease. Cochrane Database Syst. Rev. 2015. [CrossRef]

18. Casas-Agustench, P.; Bullo, M.; Ros, E.; Basora, J.; Salas-Salvado, J. Cross-sectional association of nut intake
with adiposity in a mediterranean population. Nutr. Metab. Cardiovasc. Dis. NMCD 2011, 21, 518–525.
[CrossRef] [PubMed]

19. Flores-Mateo, G.; Rojas-Rueda, D.; Basora, J.; Ros, E.; Salas-Salvado, J. Nut intake and adiposity:
Meta-analysis of clinical trials. Am. J. Clin. Nutr. 2013, 97, 1346–1355. [CrossRef] [PubMed]

20. Brown, R.C.; Yong, L.C.; Gray, A.R.; Tey, S.L.; Chisholm, A.; Leong, S.L. Perceptions and knowledge of nuts
amongst health professionals in New Zealand. Nutrients 2017, 9, 220. [CrossRef] [PubMed]

21. Bach-Faig, A.; Berry, E.M.; Lairon, D.; Reguant, J.; Trichopoulou, A.; Dernini, S.; Medina, F.X.; Battino, M.;
Belahsen, R.; Miranda, G.; et al. Mediterranean diet pyramid today. Science and cultural updates.
Public Health Nutr. 2011, 14, 2274–2284. [CrossRef] [PubMed]

22. Leone, A.; Battezzati, A.; De Amicis, R.; De Carlo, G.; Bertoli, S. Trends of adherence to the mediterranean
dietary pattern in northern italy from 2010 to 2016. Nutrients 2017, 9, 734. [CrossRef] [PubMed]

23. Romaguera, D.; Bamia, C.; Pons, A.; Tur, J.A.; Trichopoulou, A. Food patterns and mediterranean diet in
western and eastern mediterranean islands. Public Health Nutr. 2009, 12, 1174–1181. [CrossRef] [PubMed]

24. De la Fuente-Arrillaga, C.; Zazpe, I.; Santiago, S.; Bes-Rastrollo, M.; Ruiz-Canela, M.; Gea, A.;
Martinez-Gonzalez, M.A. Beneficial changes in food consumption and nutrient intake after 10 years of
follow-up in a mediterranean cohort: The sun project. BMC Public Health 2016, 16, 16–2739. [CrossRef]
[PubMed]

25. Kolcic, I.; Relja, A.; Gelemanovic, A.; Miljkovic, A.; Boban, K.; Hayward, C.; Rudan, I.; Polasek, O.
Mediterranean diet in the southern croatia—Does it still exist? Croat. Med. J. 2016, 57, 415–424. [CrossRef]
[PubMed]

http://dx.doi.org/10.1001/jamainternmed.2014.8347
http://www.ncbi.nlm.nih.gov/pubmed/25730101
http://dx.doi.org/10.3945/ajcn.117.153148
http://www.ncbi.nlm.nih.gov/pubmed/28446499
http://dx.doi.org/10.3945/ajcn.114.099515
http://www.ncbi.nlm.nih.gov/pubmed/25833976
http://dx.doi.org/10.1007/s00394-017-1513-0
http://www.ncbi.nlm.nih.gov/pubmed/28733927
http://dx.doi.org/10.1007/s00394-015-1060-5
http://www.ncbi.nlm.nih.gov/pubmed/26450601
http://dx.doi.org/10.1161/HYPERTENSIONAHA.117.09622
http://www.ncbi.nlm.nih.gov/pubmed/28760943
http://dx.doi.org/10.1001/archinternmed.2010.79
http://www.ncbi.nlm.nih.gov/pubmed/20458092
http://dx.doi.org/10.1371/journal.pone.0103376
http://www.ncbi.nlm.nih.gov/pubmed/25076495
http://dx.doi.org/10.1186/s12937-016-0195-4
http://www.ncbi.nlm.nih.gov/pubmed/27543277
http://dx.doi.org/10.1002/14651858.CD011583.pub2
http://dx.doi.org/10.1016/j.numecd.2009.11.010
http://www.ncbi.nlm.nih.gov/pubmed/20219336
http://dx.doi.org/10.3945/ajcn.111.031484
http://www.ncbi.nlm.nih.gov/pubmed/23595878
http://dx.doi.org/10.3390/nu9030220
http://www.ncbi.nlm.nih.gov/pubmed/28257045
http://dx.doi.org/10.1017/S1368980011002515
http://www.ncbi.nlm.nih.gov/pubmed/22166184
http://dx.doi.org/10.3390/nu9070734
http://www.ncbi.nlm.nih.gov/pubmed/28696362
http://dx.doi.org/10.1017/S1368980008003674
http://www.ncbi.nlm.nih.gov/pubmed/18838026
http://dx.doi.org/10.1186/s12889-016-2739-0
http://www.ncbi.nlm.nih.gov/pubmed/26932495
http://dx.doi.org/10.3325/cmj.2016.57.415
http://www.ncbi.nlm.nih.gov/pubmed/27815932


Nutrients 2017, 9, 1296 19 of 20

26. Estruch, R.; Martinez-Gonzalez, M.A.; Corella, D.; Salas-Salvado, J.; Ruiz-Gutierrez, V.; Covas, M.I.; Fiol, M.;
Gomez-Gracia, E.; Lopez-Sabater, M.C.; Vinyoles, E.; et al. Effects of a mediterranean-style diet on
cardiovascular risk factors: A randomized trial. Ann. Intern. Med. 2006, 145, 1–11. [CrossRef] [PubMed]

27. Guasch-Ferre, M.; Salas-Salvado, J.; Ros, E.; Estruch, R.; Corella, D.; Fito, M.; Martinez-Gonzalez, M.A.
The predimed trial, mediterranean diet and health outcomes: How strong is the evidence? Nutr. Metab.
Cardiovasc. Dis. NMCD 2017, 27, 624–632. [CrossRef] [PubMed]

28. Martinez-Gonzalez, M.A.; Salas-Salvado, J.; Estruch, R.; Corella, D.; Fito, M.; Ros, E. Benefits of the
mediterranean diet: Insights from the predimed study. Prog. Cardiovasc. Dis. 2015, 58, 50–60. [CrossRef]
[PubMed]

29. Brown, R.C.; Tey, S.L.; Gray, A.R.; Chisholm, A.; Smith, C.; Fleming, E.; Blakey, C.; Parnell, W. Patterns and
predictors of nut consumption: Results from the 2008/09 new zealand adult nutrition survey. Br. J. Nutr.
2014, 112, 2028–2040. [CrossRef] [PubMed]

30. Rudan, I.; Marusic, A.; Jankovic, S.; Rotim, K.; Boban, M.; Lauc, G.; Grkovic, I.; Dogas, Z.; Zemunik, T.;
Vatavuk, Z.; et al. “10001 dalmatians”: Croatia launches its national biobank. Croat. Med. J. 2009, 50, 4–6.
[CrossRef] [PubMed]

31. James, P.A.; Oparil, S.; Carter, B.L.; Cushman, W.C.; Dennison-Himmelfarb, C.; Handler, J.; Lackland, D.T.;
LeFevre, M.L.; MacKenzie, T.D.; Ogedegbe, O.; et al. 2014 evidence-based guideline for the management
of high blood pressure in adults: Report from the panel members appointed to the eighth joint national
committee (jnc 8). JAMA 2014, 311, 507–520. [CrossRef] [PubMed]

32. World Health Organization. Waist Circumference and Waist–Hip Ratio: Report of a Who Expert Consultation;
World Health Organization: Geneva, Switzerland, 2011.

33. Ashwell, M.; Gunn, P.; Gibson, S. Waist-to-height ratio is a better screening tool than waist circumference
and bmi for adult cardiometabolic risk factors: Systematic review and meta-analysis. Obes. Rev. 2012, 13,
275–286. [CrossRef] [PubMed]

34. American Diabetes Association. Diagnosis and classification of diabetes mellitus. Diabetes Care 2014,
37 (Suppl. 1), S81–S90.

35. Alberti, K.G.; Eckel, R.H.; Grundy, S.M.; Zimmet, P.Z.; Cleeman, J.I.; Donato, K.A.; Fruchart, J.C.;
James, W.P.; Loria, C.M.; Smith, S.C., Jr. Harmonizing the metabolic syndrome: A joint interim statement
of the international diabetes federation task force on epidemiology and prevention; national heart, lung,
and blood institute; american heart association; world heart federation; international atherosclerosis society;
and international association for the study of obesity. Circulation 2009, 120, 1640–1645. [PubMed]

36. Miljkovic, A.; Pehlic, M.; Budimir, D.; Gunjaca, G.; Mudnic, I.; Pavic, A.; Jeroncic, I.; Kolcic, I.; Boban, M.;
Hayward, C.; et al. Can genetics aggravate the health of isolated and remote populations? The case of gout,
hyperuricaemia and osteoarthritis in Dalmatia. Rural Remote Health 2013, 13, 26.

37. Mackie, I.J.; Kitchen, S.; Machin, S.J.; Lowe, G.D. Guidelines on fibrinogen assays. Br. J. Haematol. 2003, 121,
396–404. [CrossRef] [PubMed]

38. Miljkovic, A.; Stipcic, A.; Bras, M.; Dordevic, V.; Brajkovic, L.; Hayward, C.; Pavic, A.; Kolcic, I.; Polasek, O.
Is experimentally induced pain associated with socioeconomic status? Do poor people hurt more?
Med. Sci. Monit. 2014, 20, 1232–1238. [PubMed]

39. NICE Guidance. Alcohol. Available online: https://www.nice.org.uk/advice/lgb6/chapter/Changes-after-
publication (accessed on 14 August 2017).

40. Monteagudo, C.; Mariscal-Arcas, M.; Rivas, A.; Lorenzo-Tovar, M.L.; Tur, J.A.; Olea-Serrano, F. Proposal of
a mediterranean diet serving score. PLoS ONE 2015, 10, e0128594. [CrossRef] [PubMed]

41. Bonaccio, M.; Di Castelnuovo, A.; De Curtis, A.; Costanzo, S.; Bracone, F.; Persichillo, M.; Donati, M.B.; de
Gaetano, G.; Iacoviello, L. Nut consumption is inversely associated with both cancer and total mortality in
a mediterranean population: Prospective results from the moli-sani study. Br. J. Nutr. 2015, 114, 804–811.
[CrossRef] [PubMed]

42. Brown, R.C.; Tey, S.L.; Gray, A.R.; Chisholm, A.; Smith, C.; Fleming, E.; Parnell, W. Association of nut
consumption with cardiometabolic risk factors in the 2008/2009 new zealand adult nutrition survey. Nutrients
2015, 7, 7523–7542. [CrossRef] [PubMed]

43. Del Gobbo, L.C.; Falk, M.C.; Feldman, R.; Lewis, K.; Mozaffarian, D. Effects of tree nuts on blood lipids,
apolipoproteins, and blood pressure: Systematic review, meta-analysis, and dose-response of 61 controlled
intervention trials. Am. J. Clin. Nutr. 2015, 102, 1347–1356. [CrossRef] [PubMed]

http://dx.doi.org/10.7326/0003-4819-145-1-200607040-00004
http://www.ncbi.nlm.nih.gov/pubmed/16818923
http://dx.doi.org/10.1016/j.numecd.2017.05.004
http://www.ncbi.nlm.nih.gov/pubmed/28684083
http://dx.doi.org/10.1016/j.pcad.2015.04.003
http://www.ncbi.nlm.nih.gov/pubmed/25940230
http://dx.doi.org/10.1017/S0007114514003158
http://www.ncbi.nlm.nih.gov/pubmed/25354462
http://dx.doi.org/10.3325/cmj.2009.50.4
http://www.ncbi.nlm.nih.gov/pubmed/19260138
http://dx.doi.org/10.1001/jama.2013.284427
http://www.ncbi.nlm.nih.gov/pubmed/24352797
http://dx.doi.org/10.1111/j.1467-789X.2011.00952.x
http://www.ncbi.nlm.nih.gov/pubmed/22106927
http://www.ncbi.nlm.nih.gov/pubmed/19805654
http://dx.doi.org/10.1046/j.1365-2141.2003.04256.x
http://www.ncbi.nlm.nih.gov/pubmed/12716361
http://www.ncbi.nlm.nih.gov/pubmed/25029965
https://www.nice.org.uk/advice/lgb6/chapter/Changes-after-publication
https://www.nice.org.uk/advice/lgb6/chapter/Changes-after-publication
http://dx.doi.org/10.1371/journal.pone.0128594
http://www.ncbi.nlm.nih.gov/pubmed/26035442
http://dx.doi.org/10.1017/S0007114515002378
http://www.ncbi.nlm.nih.gov/pubmed/26313936
http://dx.doi.org/10.3390/nu7095351
http://www.ncbi.nlm.nih.gov/pubmed/26371037
http://dx.doi.org/10.3945/ajcn.115.110965
http://www.ncbi.nlm.nih.gov/pubmed/26561616


Nutrients 2017, 9, 1296 20 of 20

44. Li, S.C.; Liu, Y.H.; Liu, J.F.; Chang, W.H.; Chen, C.M.; Chen, C.Y. Almond consumption improved glycemic
control and lipid profiles in patients with type 2 diabetes mellitus. Metab. Clin. Exp. 2011, 60, 474–479.
[CrossRef] [PubMed]

45. Jiang, R.; Jacobs, D.R., Jr.; Mayer-Davis, E.; Szklo, M.; Herrington, D.; Jenny, N.S.; Kronmal, R.; Barr, R.G.
Nut and seed consumption and inflammatory markers in the multi-ethnic study of atherosclerosis.
Am. J. Epidemiol. 2006, 163, 222–231. [CrossRef] [PubMed]

46. Godos, J.; Marventano, S.; Mistretta, A.; Galvano, F.; Grosso, G. Dietary sources of polyphenols in the
mediterranean healthy eating, aging and lifestyle (meal) study cohort. Int. J. Food Sci. Nutr. 2017, 68, 750–756.
[CrossRef] [PubMed]

47. Khurana, S.; Venkataraman, K.; Hollingsworth, A.; Piche, M.; Tai, T.C. Polyphenols: Benefits to the
cardiovascular system in health and in aging. Nutrients 2013, 5, 3779–3827. [CrossRef] [PubMed]

48. Afshin, A.; Micha, R.; Khatibzadeh, S.; Mozaffarian, D. Consumption of nuts and legumes and risk of incident
ischemic heart disease, stroke, and diabetes: A systematic review and meta-analysis. Am. J. Clin. Nutr. 2014,
100, 278–288. [CrossRef] [PubMed]

49. Schwingshackl, L.; Hoffmann, G. Comparison of effects of long-term low-fat vs high-fat diets on blood lipid
levels in overweight or obese patients: A systematic review and meta-analysis. J. Acad. Nutr. Diet. 2013, 113,
1640–1661. [CrossRef] [PubMed]

50. Sayer, R.D.; Dhillon, J.; Tamer, G.G.; Cornier, M.A.; Chen, N.; Wright, A.J.; Campbell, W.W.; Mattes, R.D.
Consuming almonds vs. Isoenergetic baked food does not differentially influence postprandial appetite or
neural reward responses to visual food stimuli. Nutrients 2017, 9, 807. [CrossRef] [PubMed]

51. Tan, S.Y.; Mattes, R.D. Appetitive, dietary and health effects of almonds consumed with meals or as snacks:
A randomized, controlled trial. Eur. J. Clin. Nutr. 2013, 67, 1205–1214. [CrossRef] [PubMed]

52. Baer, D.J.; Gebauer, S.K.; Novotny, J.A. Walnuts consumed by healthy adults provide less available energy
than predicted by the atwater factors. J. Nutr. 2016, 146, 9–13. [CrossRef] [PubMed]

53. Perez-Martinez, P.; Mikhailidis, D.P.; Athyros, V.G.; Bullo, M.; Couture, P.; Covas, M.I.; de Koning, L.;
Delgado-Lista, J.; Diaz-Lopez, A.; Drevon, C.A.; et al. Lifestyle recommendations for the prevention and
management of metabolic syndrome: An international panel recommendation. Nutr. Rev. 2017, 75, 307–326.
[CrossRef] [PubMed]

54. Blanco Mejia, S.; Kendall, C.W.; Viguiliouk, E.; Augustin, L.S.; Ha, V.; Cozma, A.I.; Mirrahimi, A.;
Maroleanu, A.; Chiavaroli, L.; Leiter, L.A.; et al. Effect of tree nuts on metabolic syndrome criteria:
A systematic review and meta-analysis of randomised controlled trials. BMJ Open 2014, 4, e004660. [CrossRef]
[PubMed]

© 2017 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1016/j.metabol.2010.04.009
http://www.ncbi.nlm.nih.gov/pubmed/20580779
http://dx.doi.org/10.1093/aje/kwj033
http://www.ncbi.nlm.nih.gov/pubmed/16357111
http://dx.doi.org/10.1080/09637486.2017.1285870
http://www.ncbi.nlm.nih.gov/pubmed/28276907
http://dx.doi.org/10.3390/nu5103779
http://www.ncbi.nlm.nih.gov/pubmed/24077237
http://dx.doi.org/10.3945/ajcn.113.076901
http://www.ncbi.nlm.nih.gov/pubmed/24898241
http://dx.doi.org/10.1016/j.jand.2013.07.010
http://www.ncbi.nlm.nih.gov/pubmed/24139973
http://dx.doi.org/10.3390/nu9080807
http://www.ncbi.nlm.nih.gov/pubmed/28749419
http://dx.doi.org/10.1038/ejcn.2013.184
http://www.ncbi.nlm.nih.gov/pubmed/24084509
http://dx.doi.org/10.3945/jn.115.217372
http://www.ncbi.nlm.nih.gov/pubmed/26581681
http://dx.doi.org/10.1093/nutrit/nux014
http://www.ncbi.nlm.nih.gov/pubmed/28521334
http://dx.doi.org/10.1136/bmjopen-2013-004660
http://www.ncbi.nlm.nih.gov/pubmed/25074070
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.


Table S1. Characteristics associated with frequency of nut consumption (entire sample; n=4,416). 

  

Daily nut 

consumption 

n= 212 

Weekly nut 

consumption 

n= 487 

Monthly nut 

consumption 

n= 1,276 

Infrequent or 

never nut 

consumption  

n= 2,441 

Overall p 

(post-hoc test p-Values) 

Sex; n (%)     
<0.001 (0.173DW, <0.001DM, <0.001DN, 

0.001WM, <0.001WN, 0.054MN) 
men 52 (24.5) 144 (29.6) 490 (38.6) 1017 (41.7) 

women 160 (75.5) 343 (70.4) 786 (61.6) 1424 (58.3) 

Age (years);  

median (interquartile range 

(IQR)) 

58.0 (19.75) 53.0 (21.0) 51.0 (22.0) 56.0 (23.0) 
<0.001 (<0.001DW, <0.001DM, 0.060DN, 

0.035WM, <0.001WN, <0.001MN) 

Education (years of 

schooling);  

median (IQR) 

12.0 (4.0) 12.0 (3.0) 12.0 (3.0) 12.0 (4.0) 
<0.001 (0.438 DW, 0.173DM, <0.001DN, 

0.001WM, <0.001WN, <0.001MN) 

Material status; 

median (IQR) 
11.0 (4.0) 11.0 (4.0) 11.0 (4.0) 10.0 (4.0) 

<0.001 (0.073DW, 0.786DM, 

<0.001DN, 0.001WM, <0.001WN, 

<0.001MN) 

Smoking; n (%)     

0.008 (0.431DW, 0.021DM, 0.011DN, 

0.059WM, 0.012WN, 0.625MN) 

current smokers 41 (19.3) 115 (23.6) 361 (28.3) 690 (28.3) 

ex-smokers 55 (25.9) 114 (23.4) 315 (24.7) 636 (26.1) 

never-smokers 116 (54.7) 258 (53.0) 600 (47.0) 1115 (45.7) 

Alcohol intake; n (%)     

0.001 (0.098DW, 0.025DM, 0.403DN, 

0.256WM, 0.012WN, 0.002MN) 

excessive 32 (15.1) 70 (14.4) 225 (17.6) 437 (17.9) 

moderate 90 (42.5) 248 (50.9) 631 (49.5) 1069 (43.8) 

none 90 (42.5) 169 (34.7) 420 (32.9) 935 (38.3) 

MDSS≥14 points; n (%) 147 (69.3) 189 (38.8) 301 (23.6) 637 (26.1) 

<0.001 (<0.001DW, <0.001DM, 

<0.001DN, <0.001WM, <0.001WN, 

0.095MN) 

Physical activity; n (%)     
<0.001 (0.588DW, 0.414DM, 

0.041DN, 0.006WM, <0.001WN, 

0.019MN) 

light 51 (24.1) 122 (25.1) 304 (23.8) 612 (25.1) 

moderate 147 (69.3) 342 (70.2) 852 (66.8) 1532 (62.8) 

intensive 14 (6.6) 23 (4.7) 120 (9.4) 295 (12.1) 

BMI (kg/m2); n (%)     
<0.001 (0.550DW, 0.405DM, 

0.017DN, 0.662WM, <0.001WN, 

<0.001MN) 

≤25.0 (normal) 102 (48.1) 242 (49.7) 605 (47.4) 984 (40.3) 

25.0-29.9 (overweight) 83 (39.2) 172 (35.3) 464 (36.4) 971 (39.8) 

≥30.0 (obese) 27 (12.7) 73 (15.0) 207 (16.2) 486 (19.9) 

Waist circumference (≥94 cm♂, 

≥80cm♀); n (%) 
169 (80.1) 360 (74.2) 919 (72.5) 1909 (78.9) 

<0.001 (0.096DW, 0.021DM, 

0.695DN, 0.475WM, 0.022WN, 

<0.001MN) 

WHR (≥0.90 ♂, ≥0.85♀); n (%) 137 (64.9) 296 (61.0) 805 (63.6) 1800 (74.6) 

<0.001 (0.330DW, 0.718DM, 

0.002DN, 0.313WM, <0.001WN, 

<0.001MN) 



WHtR (≥0.5); n % 159 (75.4) 348 (71.8) 932 (73.6) 1975 (81.7) 

<0.001 (0.326DW, 0.583DM, 

0.024DN, 0.446WM, <0.001WN, 

<0.001MN) 

Cholesterol (≥5 mmol/L); n 

(%) 
164 (77.4) 378 (77.6) 892 (69.9) 1841 (75.4) 

<0.001 (0.940DW, 0.027DM, 

0.529DN, 0.001WM, 0.301WN, 

<0.001MN) 

HDL (≤1.03 mmol/L♂, ≤1.29 

mmol/L♀); n (%) 
35 (16.5) 95 (19.5) 231 (18.1) 493 (20.2) 

0.321 (0.349DW, 0.575DM, 0.197DN, 

0.497WM, 0.729WN, 0.126MN) 

LDL (≥3 mmol/L); n (%) 158 (74.5) 377 (77.4) 884 (69.3) 1795 (73.5) 
0.003 (0.408DW, 0.122DM, 0.753DN, 

0.001WM, 0.074WN, 0.006MN) 

Triglycerides (≥1.7 mmol/L); 

n (%) 
41 (19.3) 106 (21.8) 302 (23.7) 714 (29.3) 

<0.001 (0.469DW, 0.166DM, 

0.002DN, 0.397WM, 0.001WN, 

<0.001MN) 

CHD; n (%) 13 (6.1) 25 (5.1) 59 (4.6) 244 (10.0) 

<0.001 (0.592DW, 0.346DM, 

0.068DN, 0.658WM, 0.001WN, 

<0.001MN) 

CVI; n (%) 4 (1.9) 8 (1.6) 17 (1.3) 66 (2.7) 
0.041 (0.819DW, 0.526DM, 0.477DN, 

0.662WM, 0.173WN, 0.007MN) 

Hypertension (Systolic ≥140 

mmHg or Diastolic ≥90 

mmHg or treated for 

hypertension); n (%) 

73 (34.4) 141 (29.0) 391 (30.7) 896 (36.8) 

<0.001 (0.148DW, 0.279DM, 

0.496DN, 0.471WM, 0.001WN, 

<0.001MN) 

Diabetes (≥7 mmol/L or 

treated for diabetes type 2); n 

(%) 

20 (9.4) 39 (8.0) 105 (8.2) 318 (13.0) 

<0.001 (0.533DW, 0.558DM, 

0.132DN, 0.880WM, 0.002WN, 

<0.001MN) 

HbA1c (≥6.5 mmol/L or 

treated for diabetes); n (%) 
19 (9.0) 35 (7.2) 85 (6.7) 255 (10.4) 

0.001 (0.419DW, 0.224DM, 0.496DN, 

0.695WM, 0.028WN, <0.001MN) 

Metabolic syndrome; n (%) 87 (42.6) 189 (39.5) 471 (39.0) 1258 (52.3) 

<0.001 (0.449DW, 0.327DM, 

0.008DN, 0.845WM, <0.001WN, 

<0.001MN) 

Gout (Uric acid ≥404 μmol/L♂, 

≥338 μmol/L♀ or gout); n (%) 
34 (16.9) 71 (15.0) 191 (16.0) 513 (21.6) 

<0.001 (0.526DW, 0.747DM, 

0.122DN, 0.602WM, 0.001WN, 

<0.001MN) 

MDSS - Mediterranean Diet Serving Score. BMI - body mass index. WHR – waist-to-hip ratio. WHtR – waist-to-height ratio. CHD - coronary heart disease. CVI - 

cerebrovascular insult. ♂: males. ♀: woman. p-Values for categorical variables were obtained with chi-squared test, and for numerical with Kruskal-Wallis test. Post-hoc 

test p-Values for categorical variables were obtained with chi-squared test, and for numerical with Mann-Whitney U test. DW Post-hoc test p-Value: daily vs. weekly. DM 

Post-hoc test p-Value: daily vs. monthly. DN Post-hoc test p-Value: daily vs. never. WM Post-hoc test p-Value: weekly vs. monthly. WN Post-hoc test p-Value: weekly vs. 

infrequently or never. MN Post-hoc test p-Value: monthly vs. infrequently or never. 

 

Table S2. Characteristics associated with unfavorable biochemical parameters; lipid levels as determined by the multivariate logistic regression models and 

elevated fibrinogen as determined by ordinal regression model (sample size is 897 subjects without previous cardiovascular disease diagnosis and older than 

65 years of age; all independent variables included in the model are listed in the table). 



 

Cholesterol (≥5 mmol/L) 

Adjusted odds ratio (95% 

confidence interval); p-Value 

LDL (≥3 mmol/L) 

Adjusted odds ratio (95% 

confidence interval); p-Value 

HDL (≤1.03 mmol/L♂, ≤1.29 

mmol/L♀) 

Adjusted odds ratio (95% 

confidence interval); p-Value 

Triglycerides (≥1.7 mmol/L) 

Adjusted odds ratio (95% 

confidence interval); p-Value 

Fibrinogen (≥4.0 g/l is referent)  

Adjusted odds ratio (95% 

confidence interval); p-

Value 

Sex (referent (ref): female)       

male 0.67 (0.43-1.01); 0.120 0.81 (0.52-1.27); 0.360 0.35 (0.21-0.59); <0.001 1.04 (0.71-1.53); 0.845 0.96 (0.67-1.37); 0.806 

Age (years) median 

(interquartile range (IQR)) 
0.96 (0.92-1.00); 0.047 0.98 (0.95-1.02); 0.324 1.00 (0.96-1.05); 0.837 0.97 (0.94-1.00); 0.086 

1.01 (0.98-1.05); 0.384 

Place of residence (ref: Split)      

Island of Vis 2.07 (1.05-4.10); 0.035 1.34 (0.70-2.55); 0.379 0.09 (0.04-0.18); <0.001 0.56 (0.34-0.93); 0.024 0.41 (0.26-0.67); <0.001 

Island of Korčula 1.20 (0.67-2.14); 0.538 1.01 (0.58-1.78); 0.962 0.35 (0.21-0.58); <0.001 0.44 (0.28-0.70); <0.001 0.23 (0.15-0.35); <0.001 

Education (years of schooling, 

ref: ≥13) 
Overall p = 0.154 Overall p = 0.043 Overall p = 0.294 Overall p = 0.328 

- 

0-8 0.58 (0.31-1.10); 0.101 0.59 (0.32-1.08); 0.086 1.27 (0.66-2.46); 0.471 1.46 (0.88-2.42); 0.147 2.12 (1.30-3.44); 0.002 

9-12 0.88 (0.48-1.64); 0.692 1.05 (0.59-1.89); 0.864 1.60 (0.86-2.96); 0.135 1.21 (0.74-1.98); 0.448 1.49 (0.94-2.36); 0.092 

Material status (ref: 4th quartile) Overall p = 0.624 Overall p = 0.055 Overall p = 0.107 Overall p = 0.329 - 

1st quartile 1.47 (0.77-2.80); 0.243 1.54 (0.84-2.81); 0.159 1.01 (0.51-2.00); 0.976 1.31 (0.77-2.23); 0.326 0.76 (0.46-1.24); 0.267 

2nd quartile 1.32 (0.69-2.53); 0.402 1.35 (0.74-2.47); 0.334 1.12 (0.56-2.21); 0.750 1.10 (0.64-1.91); 0.726 0.88 (0.54-1.45); 0.618 

3rd quartile 1.12 (0.57-2.18); 0.749 1.24 (0.65-2.34); 0.512 1.88 (0.94-3.78); 0.075 1.58 (0.90-2.77); 0.114 0.95 (0.56-1.61); 0.847 

Smoking (ref: never-smokers) Overall p = 0.803 Overall p = 0.408 Overall p = 0.806 Overall p = 0.226 - 

current smokers 0.94(0.47-1.87); 0.860 1.44 (0.72-2.90); 0.303 0.87 (0.43-1.78); 0.712 1.56 (0.94-2.57); 0.085 1.27 (0.78-2.05); 0.340 

ex-smokers 0.85 (0.52-1.38); 0.507 0.87 (0.55-1.36); 0.535 0.85 (0.50-1.45); 0.548 1.11 (0.75-1.63); 0.609 0.86 (0.59-1.24); 0.418 

Alcohol intake (ref: none) Overall p = 0.196 Overall p = 0.504 Overall p = 0.182 Overall p = 0.320 - 

excessive 1.74 (0.87-3.48); 0.114 1.23 (0.65-2.35); 0.528 0.62 (0.30-1.26); 0.183 1.13 (0.67-1.91); 0.643 0.69 (0.41-1.15); 0.153 

moderate 1.01 (0.64-1.61); 0.960 0.89 (0.57-1.38); 0.609 0.68 (0.44-1.06); 0.088 0.83 (0.57-1.20); 0.323 0.92 (0.65-1.29); 0.620 

MDSS compliance (ref: yes)      

no 0.86 (0.56-1.31); 0.478 0.83 (0.55-1.23); 0.345 1.30 (0.85-2.00); 0.229 0.81 (0.58-1.12); 0.204 0.83 (0.61-1.13); 0.231 

Nut consumption (ref: 

infrequently or never) 
Overall p = 0.350 Overall p = 0.470 Overall p = 0.142 Overall p = 0.303 

- 

daily  1.71 (0.68-4.27); 0.253 1.02 (0.48-2.20); 0.950 1.37 (0.64-2.89); 0.416 0.69 (0.34-1.40); 0.308 0.65 (0.35-1.22); 0.183 

weekly 1.79 (0.84-3.65); 0.136 1.76 (0.87-3.55); 0.115 0.65 (0.33-1.29); 0.222 0.62 (0.35-1.11); 0.107 0.80 (0.48-1.32); 0.379 

monthly  1.21 (0.74-1.97); 0.445 1.11 (0.70-1.76); 0.660 0.64 (0.38-1.06); 0.083 1.03 (0.70-1.52); 0.878 0.58 (0.39-0.84); 0.004 

Physical activity (ref: intensive) Overall p = 0.689 Overall p = 0.610 Overall  p = 0.517 Overall p = 0.207 - 

light 1.00 (0.47-2.13); 0.996 0.70 (0.34-1.43); 0.326 0.98 (0.46-2.10); 0.958 1.52 (0.84-2.73); 0.166 1.10 (0.64-1.88); 0.725 

moderate 0.83 (0.42-1.64); 0.596 0.79 (0.41-1.53); 0.486 0.77 (0.38-1.56); 0.474 1.12 (0.66-1.91); 0.672 0.64 (0.40-1.04); 0.074 

WHtR (≥ 0.5, ref: yes)      

no 0.47 (0.21-1.05); 0.066 0.32 (0.15-0.66); 0.002 0.33 (0.09-1.15); 0.081 0.37 (0.14-0.99); 0.049 0.96 (0.49-1.90); 0.913 



Hypertension (systolic ≥140 

mmHg or diastolic ≥90 mmHg 

or treated for hypertension, ref: 

yes) 

    

 

no 0.76 (0.51-1.14); 0.184 0.83 (0.57-1.22); 0.348 0.93 (0.61-1.41); 0.717 0.72 (0.52-1.00); 0.051 1.31 (0.97-1.77); 0.082 

Diabetes (≥7 mmol/L or treated 

for diabetes type 2, ref: yes) 
    

 

no 1.89 (1.20-2.97); 0.006 1.63 (1.05-2.54); 0.030 0.56 (0.35-0.90); 0.017 0.87 (0.59-1.29); 0.493 1.01 (0.69-1.48); 0.951 

Gout (uric acid ≥404 μmol/L♂, 

≥338 μmol/L♀ or gout, ref: yes) 
    

 

no 1.47 (0.97-2.24); 0.073 1.22 (0.82-1.84); 0.328 0.64 (0.41-0.99); 0.045 0.43 (0.31-0.60); <0.001 0.90 (0.65-1.26); 0.541 

MDSS - Mediterranean Diet Serving Score. WHtR - waist-to-height ratio. ♂: males. ♀: woman. Multivariate logistic regression models were built separately for cholesterol, 

LDL, HDL and triglycerides. Multivariate ordinal regression model was used for the analysis of the characteristics associated with elevated fibrinogen. Adjusted odds 

ratios, 95% confidence intervals and p-Values were calculated using multivariate regression models; each of the five models presented here was simultaneously adjusted 

for all the covariates listed in this table. 

Table S3. Characteristics associated with hypertension, diabetes, metabolic syndrome and gout as determined by the multivariate logistic regression analyses 

(sample size is 897 subjects without previous cardiovascular disease diagnosis and older than 65 years of age; all independent variables included in the model 

are listed in the table). 

 

Hypertension (systolic ≥140 

mmHg or diastolic ≥90 

mmHg or treated for 

hypertension) 

Adjusted odds ratio (95% 

confidence interval); p-Value 

Diabetes (≥7 mmol/L or 

treated for diabetes type 2) 

Adjusted odds ratio (95% 

confidence interval); p-Value 

Elevated HbA1c (≥6.5 

mmol/L or treated for 

diabetes type 2) 

Adjusted odds ratio (95% 

confidence interval); p-Value 

Metabolic syndrome 

Adjusted odds ratio (95% 

confidence interval); p-Value 

Gout (uric acid ≥404 mmol/L♂-

≥338 mmol/L♀ or gout) 

Adjusted odds ratio (95% 

confidence interval); p-Value 

Sex (referent (ref): female)      

male 1.29 (0.90-1.86); 0.171 1.99 (1.24-3.19); 0.005 1.33 (0.80-2.19); 0.268 0.36 (0.24-0.53); <0.001 1.12 (0.75-1.67); 0.575 

Age (years)  0.99 (0.97-1.03); 0.779 1.02 (0.98-1.06); 0.268 1.04 (1.00-1.08); 0.038 0.97 (0.94-1.00); 0.069 1.05 (1.01-1.08); 0.006 

Place of residence (ref: Split)      

Island of Vis 0.59 (0.36-0.95); 0.032 0.98 (0.50-1.92); 0.949 0.97 (0.46-2.07); 0.940 2.37 (1.35-4.17); 0.003 1.75 (0.98-3.14); 0.060 

Island of Korčula 1.07 (0.70-1.63); 0.771 1.38 (0.75-2.55); 0.296 1.91 (0.97-3.77); 0.061 0.84 (0.53-1.33); 0.454 1.66 (0.98-2.80); 0.061 

Education (years of schooling, ref: 

≥13) 
Overall p = 0.007 Overall p = 0.150 Overall p = 0.417 Overall p = 0.653 Overall p = 0.020 

0-8 1.62 (1.03-2.57); 0.038 1.93 (0.99-3.73); 0.052 1.60 (0.80-3.22); 0.186 1.20 (0.73-1.99); 0.466 1.16 (0.69-1.93); 0.579 

9-12 0.93 (0.60-1.44); 0.749 1.67 (0.88-3.20); 0.119 1.41 (0.71-2.80); 0.330 1.02 (0.63-1.64); 0.948 0.66 (0.40-1.09); 0.106 

Material status (ref: 4th quartile) Overall p = 0.497 Overall p = 0.031 Overall p = 0.092 Overall p = 0.444 Overall p = 0.581 

1st quartile 0.81 (0.50-1.32); 0.405 1.79 (0.88-3.64); 0.111 1.41 (0.68-2.93); 0.350 0.74 (0.43-1.25); 0.260 0.70 (0.41-1.17); 0.173 

2nd quartile 0.88 (0.54-1.44); 0.618 1.71 (0.83-3.53); 0.147 1.23 (0.58-2.60); 0.596 1.00 (0.58-1.73); 0.992 0.74 (0.44-1.26); 0.264 

3rd quartile 0.68 (0.41-1.15); 0.148 2.84 (1.37-5.87); 0.005 2.24 (1.06-4.73); 0.034 0.96 (0.54-1.71); 0.891 0.81 (0.46-1.41); 0.452 

Smoking (ref: never-smokers) Overall p = 0.210 Overall p = 0.166 Overall p = 0.347 Overall p = 0.549 Overall p = 0.005 



current smokers 1.11 (0.69-1.79); 0.660 0.61 (0.30-1.24); 0.173 0.76 (0.36-1.62); 0.481 0.83 (0.48-1.43); 0.502 0.69 (0.38-1.24); 0.210 

ex-smokers 0.75 (0.52-1.08); 0.121 1.26 (0.80-1.99); 0.324 1.32 (0.80-2.17); 0.274 0.81 (0.54-1.22); 0.315 1.69 (1.15-2.51); 0.008 

Alcohol intake (ref: none) Overall p = 0.474 Overall p = 0.473 Overall p = 0.496 Overall p = 0.009 Overall p = 0.220 

excessive 0.73 (0.44-1.21); 0.228 0.79 (0.42-1.46); 0.448 0.76 (0.39-1.48); 0.422 1.59 (0.90-2.82); 0.109 1.06 (0.62-1.82); 0.837 

moderate 0.92 (0.65-1.30); 0.639 0.76 (0.48-1.19); 0.224 0.76 (0.47-1.21); 0.248 0.76 (0.51-1.14); 0.187 1.36 (0.93-1.99); 0.115 

MDSS compliance (ref: yes)      

no 1.34 (0.99-1.83); 0.062 0.59 (0.40-0.87); 0.008 0.60 (0.40-0.91); 0.015 1.14 (0.80-1.62); 0.458 1.63 (1.16-2.31); 0.005 

Nut consumption (ref: 

infrequently or never) 
Overall p = 0.496 Overall p = 0.583 Overall p = 0.051 Overall p = 0.659 Overall p = 0.968 

daily  0.97 (0.53-1.78); 0.921 0.61 (0.26-1.43); 0.253 0.29 (0.10-0.87); 0.028 0.84 (0.43-1.64); 0.607 0.89 (0.44-1.82); 0.757 

weekly 1.18 (0.72-1.96); 0.509 0.88 (0.45-1.72); 0.704 0.71 (0.34-1.47); 0.360 0.75 (0.43-1.30); 0.306 0.99 (0.57-1.72); 0.968 

monthly  1.32 (0.91-1.91); 0.148 0.79 (0.49-1.28); 0.337 0.61 (0.36-1.01); 0.056 0.82 (0.55-1.23); 0.345 0.91 (0.61-1.37); 0.660 

Physical activity (ref: intensive) Overall p = 0.770 Overall p = 0.291 Overall p = 0.336 Overall p = 0.484 Overall p = 0.112 

light 0.97 (0.56-1.70); 0.927 1.69 (0.84-3.39); 0.141 1.68 (0.79-3.56); 0.176 0.85 (0.45-1.62); 0.632 0.95 (0.52-1.73); 0.863 

moderate 0.88 (0.53-1.44); 0.605 1.31 (0.69-2.46); 0.410 1.29 (0.65-2.56); 0.470 0.73 (0.41-1.30); 0.291 1.38 (0.81-2.36); 0.236 

WHtR (≥ 0.5, ref: yes)      

no 0.61 (0.31-1.21); 0.158 1.26 (0.41-3.89); 0.692 0.68 (0.15-3.05); 0.611 0.17 (0.08-0.37); <0.001 0.75 (0.30-1.92); 0.554 

Hypertension (systolic ≥140 

mmHg or diastolic ≥90 mmHg or 

treated for hypertension, ref: yes) 

     

no na 0.67 (0.45-1.01); 0.054 0.64 (0.42-0.99); 0.046 0.48 (0.34-0.67); <0.001 0.50 (0.36-0.71); <0.001 

Diabetes (≥7 mmol/L or treated 

for diabetes type 2, ref: yes) 

     

no 0.68 (0.46-1.02); 0.064 na na 0.21 (0.12-0.36); <0.001 0.85 (0.57-1.27); 0.436 

Metabolic syndrome (ref: yes)      

no 0.47 (0.33-0.65); <0.001 0.20 (0.11-0.36); <0.001 0.22 (0.12-0.41); <0.001 na 0.56 (0.38-0.84); 0.005 

Gout (uric acid ≥404 μmol/L♂-≥338 

μmol/L♀ or gout); yes is referent 

     

no 0.50 (0.36-0.70); <0.001 0.84 (0.56-1.26); 0.399 0.92 (0.60-1.41); 0.694 0.54 (0.36-0.81); 0.003 na 

MDSS - Mediterranean Diet Serving Score. WHtR – waist-to-height ratio. na – not applicable. ♂: males. ♀: woman. Multivariate logistic regression models were built 

separately for hypertension, diabetes, metabolic syndrome and gout. Adjusted odds ratios, 95% confidence intervals and p-Values were calculated using multivariate 

logistic regression; each of the four models was simultaneously adjusted for all covariates listed in this table, with an exception of excluding predictor variables in models 

where those variables were the outcome variables (marked with ‘’na’’). 


