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1.1 The Seven Countries Study and the Mediterranean diet 
The traditional Mediterranean diet of Crete first became world known in the sixties 
of the last century through the Seven Countries Study (SCS), an epidemiological 
study with 16 cohorts in 7 countries (from Greece, Finland, Japan, former Yugosla-
via, Italy, The Netherlands and the United States) which aimed to investigate into 
the dietary and lifestyle factors related to the development of cardiovascular dis-
ease [1]. As corroborated during the subsequent 10, 25 and 40 year follow up of 
the SCS, the rural population of Crete was found to have one of the lowest coro-
nary heart disease (CHD) and cancer mortality rates in comparison to all other 
cohorts [2, 3]. A result clearly attributed to their dietary and lifestyle habits [1]. The 
traditional diet of Crete is based on a number of specific dietary characteristics 
which mainly include: a) a high fat intake (estimated at 40% of the total daily en-
ergy intake) comprised mainly of monounsaturated fatty acids (29% of the daily 
calorie intake), derived from its high consumption of virgin olive oil, b) a low con-
sumption of red meat, c) a moderate consumption of fish and dairy products, sup-
plemented daily with d) substantial quantities of wild greens, fruits, whole wheat 
bread, legumes and nuts. Thus the diet is high in antioxidants and polyphenols, low 
in cholesterol, low in saturated but high in monounsaturated fat as demonstrated 
by researchers such as Ferro-Luzzi, James & Kafatos, [4]. Furthermore it has been 
stated by Simopoulos et al., [5] that another important role in the traditional diet of 
Crete is played by its ideal omega-6 /omega-3 fatty acid ratio of 2-1:1, in opposition 
to that of western cultures which have a ω-6 / ω-3 ratio of approximately 15 for 
northern Europe and 17 for the current U.S [6].  

1.2 Obesity, the Mediterranean diet and its impact on public health in Crete 
As stated above, in the past the Greek population, and specifically that of Crete, 
was known to have very low rates of cardiovascular disease (CVD) and cancer com-
pared to the other five SCS countries in Europe, to the US and to Japan [1]. Dietary 
habits, the level of physical activity and subsequently obesity indexes showed re-
markable differences. Farmers in the 1960’s had elevated levels of daily moderate 
to high physical exercise, due to the little mechanical assistance used in farming at 
that time [7]. Based on job related physical activity, over 60% of the Cretan men in 
the Seven Countries Study habitually engaged in hard physical work for which their 
mean energy expenditure was estimated at more than 3000 kcal per day. Only 7% 
of the Crete population in the 1960’s was classified as having sedentary levels of 
physical activity [8]. The result of such a lifestyle was a low Body Mass Index (BMI), 
a factor lowering the population’s risk for cancer and cardiovascular disease. Long 
time follow ups of both the Cretan and the Corfu cohorts of the SCS have elabo-
rated the fact that adherence to a Mediterranean diet and lifestyle is accompanied 
by a significant reduction in mortality, a lifestyle globally recognised as an ideal 
avenue for promoting health and preventing disease [3]. 
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Affecting insulin sensitivity, lipid metabolism and promoting systemic inflamma-
tion, obesity predisposes to a number of non communicable diseases such as hy-
pertension, dyslipidemia and type II diabetes [9, 10]. The association between body 
weight and both total and cardiovascular disease mortality is also well documented 
in population based follow up studies, as cohorts have clearly demonstrated the 
relationship between increased obesity indexes and both acute and chronic cardio-
vascular disease [11, 12]. 

1.3 Fasting rituals, an important part of the Mediterranean diet 
One of the main components of the Mediterranean diet, which in recent years has 
found great attention are the fasting rituals of the Greek Orthodox Church. This 
special characteristic of the traditional Mediterranean diet of Crete and still prac-
ticed by many, has attracted much attention due to its suggested beneficial effect 
on dietary habits and health [13, 14, 15, 16]. According to the Greek Orthodox 
Church recommendations on dietary intake, fasting is performed during three ma-
jor periods throughout the year (preceding Christmas, Easter Lent and the Assump-
tion), in addition to most Wednesdays and Fridays. During these periods, which 
totals approximately 180-200 days annually, the consumption of foods of animal 
origin, dairy products and olive oil is restricted, fish intake is allowed only during 
the period preceding Christmas (and on non fasting days), while intake of shellfish 
and molluscs are always allowed [15]. Consequently, adherence to this fasting 
ritual results in the consumption of a somehow, periodical, vegetarian diet [17], 
which uniquely characterizes the reported Mediterranean diet of Crete, Greece and 
Cyprus [18, 19]. This periodic vegetarian diet of legumes, nuts, fruits, olives, bread, 
snails and molluscs plays an important role in the population’s health [15], by re-
ducing serum lipid values over the fasting periods and possibly effecting obesity 
status [16, 20]. 
Epidemiological and clinical evidence has convincingly shown that dietary habits 
are the central mediator of circulating lipoproteins [21-22]. The differences in die-
tary fat intake are clearly apparent when comparing the Mediterranean diet, with a 
more westernised diet. Although the fat percentage is similar in quantity, it differs 
greatly in quality as the Mediterranean diet is rich in monounsaturated fatty acids, 
such as oleic acid, but very low in saturated fat. Such a diet has the ability to reduce 
the levels of circulating LDL and VLDL cholesterol, while increasing the beneficial 
HDL cholesterol [23]. Indeed follow up studies, such as the Lyon Secondary Preven-
tion Heart Study on patients with cardiovascular disease, indicated that adherence 
to a Mediterranean style diet was more beneficial as prevention measure compare 
to the American Heart Association’s recommended diet [22, 23]. Additionally, olive 
oil which is high in monounsaturated fatty acids has been proven in numerous 
studies [13, 24] to play an important role in the Mediterranean diet and signifi-
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cantly contribute to an increase in the circulating levels of HDL cholesterol levels. 
[25] 

1.4 Dietary intakes, micronutrients and smoking. Confounding factors or 
response? 

Currently one of the emerging issues in environmental toxicology is the evidence 
that suggests that antioxidant micronutrients and related bioactive compounds, 
common in fruit and vegetables, may ameliorate the toxicity of environmental 
chemicals and impact disease development [26]. It has been hypothesised that 
adherence to the Mediterranean diet might function is such a way [27]. 
As first noticed almost half a century ago during the Seven Countries Study (SCS) 
and as corroborated during the subsequent 10, 25 and 40 year follow up, the rural 
populations of Japan and Crete were found to have the lowest coronary heart dis-
ease (CHD) mortality rates in comparison to 14 other cohorts from other European 
countries, and the US [1-3]. Furthermore, CHD and lung cancer mortality were 
found to be higher in Northern European and Northern American cohorts when 
compared to the Southern European and Japanese cohorts of the same study [28]. 
This above fact was attributed to dietary and lifestyle factors (through which the 
Mediterranean diet first became renowned), while additional research indicated 
that absolute lung cancer mortality was inverse associated with the average dietary 
intake of saturated fat, which was the lowest in both the Mediterranean and the 
Japanese diet [29]. Specifically, these researchers had hypothesised that saturated 
fat, may play a role in the cross-cultural variation in lung-cancer mortality, either 
independently or by effect modification, despite the fact that smoking habits were 
similar across countries and regions 
Epidemiological studies have indicated that diets rich in fruit and vegetables pro-
tect against lung cancer [30]. The Mediterranean diet provides such an ideal diet, 
which would protect against lung cancer. High in fruits, vegetables, nuts, legumes 
and olive oil, the Mediterranean diet is a prominent source of antioxidants (i.e. 
vitamin C, vitamin E, beta carotene, glutathione, phytoestrogens, folate and sele-
nium) and monounsaturated fat, while low in saturated fat and cholesterol con-
tent, thus combining all the factors that could act as an “effect modifier” on the 
role cigarette smoking has on ones health [31]. Taking the above into account, 
further research is warranted to investigate this hypothesis, which could have a 
significant impact on public health. 
Cigarette smoke contains free radicals and other oxidants in abundance. It has 
been estimated that each puff of a cigarette exposes the smoker to 1015 oxidative 
free radicals, a severe source of oxidative stress [32]. Additionally, reactive oxygen 
species production is further mediated through inflammatory processes induced by 
the toxins inhaled and absorbed during active and passive smoking [33]. These 
oxidative free radicals, (such as superoxide, hydroxide radical, nitric oxide and reac-
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tive oxygen) lead to oxidative injury on membrane lipids and proteins and DNA via 
various molecular pathways, leading to increased DNA damage and oxidative stress 
[34, 35]. These higher levels of both exogenous and intracellular produced free 
radicals can mediate signal transduction, trigger inflammation, and cellular apop-
tosis and necrosis [36]. 
The first line of response to oxidative stress in the human body is that of antioxi-
dant enzymes such as superoxide dismutase, catalase and glutathione peroxidase, 
which take an advantage of the circulating levels of dietary antioxidants, which are 
a second line of defence against oxidative stress. These antioxidants are digested 
and enter the circulation, acting as an oxidative buffer, and therefore could have a 
protective effect against reactive oxidative damage. 
Due to the fact that antioxidants are potential pro-oxidants, possible lower concen-
trations of antioxidants in smokers in comparison to non-smokers may be a defen-
sive adaptation to the pro-inflammatory environment in smoker’s tissues [37]. As 
viewed in the literature, smokers have lower circulating concentrations of a num-
ber of micronutrients, such as ascorbic acid, a-carotene, b-carotene and cryptoxan-
thin. Although it is possible that differences in dietary intakes could potentially 
account for these disparities, few studies having controlled for differences in nutri-
ent intake. In study planning and design it is imperative that these differences are 
accounted for since smokers are generally known to adhere to a less healthy diet, 
consume fewer food items rich in fiber, antioxidants and phytochemicals and tend 
to prefer a meat/alcohol dietary pattern in comparison to non-smokers [38-42]. An 
important public health related issue is whether or not the marked changes in the 
subjects health are solely due to the harmful effects of cigarette smoke or to a 
combined effect of both the oxidative properties of cigarette smoke and the habit-
ual dietary profile of smokers (which is in general lower in fruit and vegetable in-
take and higher in alcohol and meat product consumption in comparison to that of 
non-smokers) [43]. Moreover, it is likely that the cumulative effect of both the 
elevated oxidative stress and lower dietary intake of antioxidants is partially re-
sponsible for the negative impact of smoking on human health. Vitamins B6 and B12, 
which are in abundance in diets high in red meat and have been shown to be in-
volved in the regulation of homocysteine, with the elevation of homocysteine 
shown to be an independent risk factor for coronary heart disease [44]. Chemical 
components found in tobacco smoke interact with the above and transform them 
into inactive compounds reducing their active concentration in biological fluids and 
possibly alter the ability of the cell to store and metabolise folate [45]. The existing 
literature is vague regarding the relationship between smoking and serum cobala-
min levels (vitamin B12). Two studies investigating into smoking during pregnancy 
and vitamin status suggest that there may be a dose related relationship between 
smoking and the metabolism of vitamins B6 and B12 while a third study (among men 
only) found significantly higher B12 levels among smokers [46-51]. 
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1.5 Passive smoking and cardiovascular risk: biological interactions with the 
development of cardiovascular disease 

A vast number of studies on the unfavourable effects of second hand smoke (SHS) 
exist within the scientific literature. The majority of which evaluate longitudinal 
epidemiological data. Although limited, the experimental studies that assess the 
acute and short-term effects of exposure to SHS are also increasing in number. 
They include cellular, animal, and human studies that indicate a number of patho-
physiological mechanisms through which the deleterious effects of SHS may arise. 
Cardiovascular disease (CVD) is a major cause of death and disability throughout 
the developed world. During the past years several factors have been established 
as risk markers for the development of the disease, including advanced age, male 
sex, heredity, history of hypertension, diabetes and dyslipidemia, psychological 
disorders, as well as various lifestyle habits, like smoking, physical inactivity and 
unhealthy dietary choices [2, 52-53]. Beyond active smoking, exposure to second 
hand smoke (SHS), or passive smoking, is also considered as a risk factor for CVD 
[54-56]. Meta analyses and reviews have indicated that the pooled relative risk of 
developing coronary heart disease when exposed chronically to SHS is 1.3, inter-
preted as a 30% increase in risk [57-59]. 
Although surprising, this disproportionate effect has been attributed to a number 
of different interactions between human physiology of the cardiovascular system 
and SHS exposure, including inflammation, platelet aggregation, endothelium dys-
function, lipid peroxidisation and alterations in c-reactive protein (CRP), homocys-
tein and fibrinogen levels [59-61]; however, the evidence is still under debate. 
One factor through which exposure to SHS can increase the risk of developing CVD 
is through its effect on circulating lipoproteins. Cigarette smoking increases the 
oxidative modification of LDL with circulating products of lipid peroxidation and 
levels of oxidized LDL found to be significantly increased in both active and passive 
smokers [62]. Epidemiological and laboratory evidence has indicated that smoking 
decreases plasma high lipoprotein levels (HDL) and alters the ratios between HDL 
and low density lipoproteins (LDL), HDL and triglycerides (TG) and HDL and total 
cholesterol levels, both in animal models and humans [63-64]. Such an alteration in 
the lipidemic profile of the exposed to SHS can evidently lead to the development 
of cardiovascular disease, a major part of which is mediated by the circulating se-
rum cholesterol and specifically the ratio between HDL cholesterol and other harm-
ful circulating lipid transferring factors, such as serum LDL, or triglycerides [65]. 
Cigarette smoke can promote atherosclerosis, in part, by its effects on the lipid 
profile of the passive smoker, which as noted above is more oxidised than that of a 
non exposed subject. Animal experiments have shown a synergistic effect between 
SHS and low-density lipoprotein that facilitated the binding of oxidized low-density 
lipoprotein to the vessel wall during 2-hour SHS exposures [66]. This oxidised LDL 
cholesterol may lodge into the arterial endothelial wall, thus attracting macro-
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phages, lymphocytes and subsequently paracrinine factors that will lead to platelet 
accumulation and thus initiate the creation of foam cells, the first step in develop-
ing an atherosclerotic plaque [67]. In line with the above, exposure to SHS has been 
demonstrated to stimulate human fibroblasts to express several chemokines, in-
cluding MCP-1 (monocyte chemoattractant protein-1), which plays a key role in the 
formation of atherosclerotic lesions. 
A recent set of data provided evidence that SHS may harm the vasculature not only 
by directly injuring the vascular endothelium but also by interfering with the vascu-
lar repair system, which may lead to chronic damage with recurrent exposures [68]. 
This was shown by examining endothelial regeneration, a process mediated in part 
by endothelial progenitor cells circulating in peripheral blood [68]. Specifically, 30-
minutes of moderate SHS exposure have been shown to lead to a mobilization of 
dysfunctional endothelial progenitor cells in response to acute vascular injury that 
was evident for more than 24 hours. Mechanistically, these effects have been 
linked to an impairment of nitric oxide production in endothelial progenitor cells, 
providing further evidence that even brief SHS exposures present significant and 
persistent vascular consequences. 
CRP is an acute phase protein produced primarily by the liver in response to in-
flammatory cytokines, such as IL-6 [69], which has been shown in epidemiological 
studies to be predictive of future cardiovascular disease [70-71]. Ridker et al, pro-
posed that men with elevated levels of CRP were at a greater risk for myocardial 
infarction compared to men with normal levels, independently of all other factors 
known to predict clinical coronary outcomes, including lipid levels. Furthermore, it 
has been hypothesized that elevated CRP levels in themselves may have a direct 
effect on the development and aggravation of atherosclerosis [69]. Recent epide-
miological evidence has indicated an association between exposure to SHS and CRP 
both in adults and in youth and through both biomarker and self reported assess-
ment of exposure [60-61]. In the ATTICA study, the investigators reported that 
exposure to SHS was also positively correlated with homocysteine levels (with SHS 
exposed found to have mean homocysteine levels higher by 0.4μmol/L), an indica-
tor also found by Venn et al., when comparing subjects with detectable cotinine 
levels with subjects with non detectable cotinine levels, in which a mean difference 
of 0.8μmol/L was noticed [59-60]. An elevated plasma homocysteine concentration 
is associated with an increased risk of myocardial infarction, while homocysteine-
induced oxidative stress favours lipid peroxidation and induces the production of 
inflammatory factors, a mechanism through which exposure to SHS could further 
accelerate atherosclerosis [72]. 
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1.6 The interaction between passive smoking and the Mediterranean diet on the 
development of diabetes 

Diabetes mellitus is a public health problem, which has reached pandemic propor-
tions. It is estimated that by the year 2030, 366 million people on the globe will 
suffer from this disease [73]. Diabetes mellitus is a multi-factorial disease, charac-
terized by hyperglycaemia, resulting from a disturbed insulin secretion, insulin 
action or both. The long-term effects of diabetes mellitus include increased risk on 
complications such as foot ulcers, retinopathy, nephropathy and neuropathy. Even 
more problematic is the fact that 70-80% of people with diabetes die of cardiovas-
cular disease [74]. Exposure to SHS has been scientifically proven to lead to an 
increase in both chronic and acute cardiovascular outcomes and further predispose 
to the development of other illnesses such as respiratory disease and cancer [75-
77]. While reviews and meta-analyses have indicated that active smoking is 
strongly dose response related to the development of diabetes, very limited evi-
dence exists in the literature on the role of SHS in the development of diabetes 
mellitus [78-80]. To the best of our knowledge, only a few studies have indicated 
that exposure to SHS can lead to an increase in the prevalence of diabetes. Specifi-
cally, Houston et al., showed that exposure to SHS was related to a 35% increase in 
the prevalence of diabetes, while Hayashino et al., reported that self reported 
workplace passive smoking was related to an 81% increase in the development of 
diabetes mellitus [79-80]. Despite their important results these two studies had 
some drawbacks. One noted drawback of these studies was the limited amount of 
information on dietary and lifestyle habits, such as physical activity, factors which 
play an important preventive role in the development of diabetes mellitus [81]. 
Furthermore, the Mediterranean region, and especially Greece and Cyprus, has 
several geographical particularities, and one of them is its many islands, which are, 
usually, in long distance from the metropolitan areas of the mainland. People living 
in the Aegean and Ionian Sea, as well as Crete have various lifestyle and dietary 
habits that are quite different from those living in mainland, as well as in other 
parts of Europe and the US, particularly and increased adherence to the Mediterra-
nean diet [82]. 

1.7 The outline of this thesis 
This thesis is based on a number of studies each one designed to address a differ-
ent aspect of the topic and mostly based on the MESSARA study (performed in the 
farming valley of Messara in Crete near to where the SCS took place almost 50 
years ago). In comparison to 45 years ago when the Mediterranean diet was first 
scientifically described, the risk factors for the development of cardiovascular dis-
ease in rural Crete have significantly changed and these comparisons are described 
in Chapter 2. In chapter 3 the MESSARA study participants somatometrics and level 
of physical activity is investigated into as factors of cardiovascular risk and as con-
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founders in the relationship between smoking, dietary habits and cardiovascular 
disease development. Further to the above, the role of the fasting habits of the 
traditional Mediterranean diet, on dietary intakes among the population of Crete is 
evaluated in Chapter 4. 
In Chapter 5, an overview is given on the existing literature which could support 
our hypothesis that there could be an interaction between adherence to the Medi-
terranean diet and the health implications of active and passive smoking. The ef-
fects of smoking as a severe source of oxidative stress and carcinogens could be 
ameliorated by the plethora of antioxidants and tumoricidal compounds found 
within the Mediterranean diet, through a nutrition-environment interaction. 
Chapter 6 provides information on the MESSARA study participants’ dietary in-
takes, with its results indicating significantly different dietary habits according to 
the participants smoking status. This fact not only has an implication on lipid and 
antioxidant intake but also on their circulating serum levels. 
Moreover in Chapter 7, we wished to further assess the impact of a more recently 
established risk factor in relation to chronic (or acute) exposure to passive smoking. 
While numerous studies have indicated the interaction between exposure to pas-
sive smoking and the development of cardiovascular disease there is very little 
existing scientific evidence of the relationship between chronic exposure to passive 
smoking and the development of diabetes mellitus, especially after investigating 
into the confounding effect of adherence to the Mediterranean diet. 
Finally, in chapter 8, the results and conclusions of the previous chapters are inte-
grated and discussed in a broader perspective and implications for future research 
are given. 
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ABSTRACT 
 
Background Farmers from Crete as first studied within the framework of the Seven 
Countries Study, were historically known for holding the title of the “gold standard” 
of health status globally and had a very low prevalence of both cardiovascular dis-
ease (CVD) and cancer. Taking the above into account we evaluated the changes in 
CVD risk factors among farmers in Crete, Greece and compared our findings to data 
from the 1960’s. 
Design: Cross sectional 
Methods: 502 farmers (18-79 years old) from the Valley of Messara in Crete were 
randomly selected and examined in 2005. Complete clinical, biochemical, dietetic, 
anthropometrical and lifestyle CVD risk factors were assessed, matched and com-
pared to published data from the 1960s. 
Results: In comparison to 45 years ago, present day male farmers from Crete were 
found to have a 30% higher BMI (29.8 kg/m2 vs. 22.9 kg/m2, p<0.001) and a 16% 
higher total cholesterol level (239.6 mg/dl vs. 206.9 mg/dl, p<0.001) as also a not 
so favourable daily dietary intake (increase in meat and saturated fat and decrease 
in fruit, p<0.001 respectively), while a significant reduction in systolic blood pres-
sure and energy intake was noticed. In regards to changes in subcutaneous adipose 
tissue fatty acid composition, a decrease in monounsaturated (p<0.001) and an 
increase in saturated fatty acids (p<0.001) was also found elucidating the temporal 
change in dietary habits. 
Conclusions: The population’s lack of adherence to the Mediterranean diet, have 
lead to the fact that currently farmers from Crete are likely to be at a higher risk for 
developing CVD in comparison to previous generations. 
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INTRODUCTION 
 
Cardiovascular disease (CVD) is one of the leading causes of global mortality. In 
most European countries cardiovascular disease contributes to about 40% to all 
cause mortality, with large differences existing between populations [1]. Taking 
into account trends over time, the proportion of deaths due to cardiovascular dis-
ease among OECD countries (Organisation for Economic Co-operation and Devel-
opment), has decreased over the past 20 years [2]. Moreover, as reported by the 
Task Force of the European Society of Cardiology, specific countries, such as Finland 
have witnessed a larger drop than other Northern or Western European countries, 
while Central and Eastern European countries have had significant increases, thus 
leading to the currently observed West-East gradient in coronary heart disease 
patterns. Greece too, has also witnessed a continuous increase in CVD mortality 
over the past few decades [3]. 
The health status of farmers from Crete became globally known in the 1960’s dur-
ing the Seven Countries Study (SCS). Initiated in 1960, the purpose of that epidemi-
ological study was to explore into the prevalence and the lifestyle and clinical de-
terminants of the development of coronary heart disease. Within this study, the 
mortality rates of sixteen populations from seven countries (from Greece, Finland, 
Japan, former Yugoslavia, Italy, the Netherlands and the United States) revealed 
that the population of Crete had the lowest rates of cardiovascular disease (ob-
served / expected deaths from CVD = 0.06) and cancer among all 16 cohorts, in-
cluding other Mediterranean populations [4]. Such a low prevalence of coronary 
heart disease was attributed to their lifestyle and in particular to the dietary habits 
of the farmers of Crete, which lead to the first description of the “Mediterranean 
diet”. Since then, an overwhelming amount of evidence both experimental and 
epidemiological have revealed the beneficial effects of a diet high in monounsatu-
rated fatty acids while low in saturated fatty acids, in relation to the development 
CHD. Prospective intervention studies supported these results, proving that adopt-
ing the traditional diet of Crete provided both primary and secondary protection 
against coronary heart disease similar to that of the American Heart Association’s 
recommended diet [5, 6]. 
Benefiting from their lifestyle, farmers in Crete were found to have a favourable 
blood lipid profile, low body weight and an elevated level of physical activity, char-
acteristics that granted them the historical title of the “gold standard” of human 
health status, due to their low prevalence of disease and long life expectancy. Over 
the past few decades though, the lifestyle and dietary habits of the Greek popula-
tion have changed, and a more “western European” lifestyle has been commonly 
adopted [7, 8]. To corroborate these facts, recent analyses on the 40-year follow up 
of the SCS cohort indicated a decline in CVD in the US, Finnish, Dutch and Japanese 
cohorts, a moderate increase in the Italian population and an exponential increase 
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in CVD mortality among the population of Serbia and Greece. Despite this noted 
increase in mortality, the survivors from the cohort of Crete were still found to 
maintain the lowest CVD mortality rate in comparison to the survivors of the other 
cohorts [9]. 
Keeping the above into account, the aim of this study was to compare cardiovascu-
lar disease risk factors, dietary intakes and subcutaneous adipose tissue profiles 
between farmers from Crete, participants of the SCS and the Christakis study that 
were performed in 1960-1962 with farmers of the same age, gender and geo-
graphical area in 2005 as part of the MESSARA study [1, 10-11]. 
 
METHODS 
 
The MESSARA study 
The MESSARA study was carried out between February to June 2005. The purpose 
of the study was to estimate the prevalence of cancer, cardiovascular and chronic 
disease and their risk factors among the farming population in the valley of Mes-
sara in Southern Crete. The Messara valley is Crete’s largest farming region with 
the major percentage of Crete’s farming produce cultivated there either in open 
fields or in greenhouses. 
Farmers (n=662) from the valley of Messara in southern Crete, Greece were ran-
domly selected by using the six municipality’s voting lists using a random stratified 
sampling methodological approach, with the number of participants in each of the 
24 villages selected according to the villages total farming population. A participant 
was regarded as a farmer if his main occupation was farming and/or sheep breed-
ing, and was concurrently insured by the farmer’s social insurance fund. Out of the 
662 people randomly selected, 599 accepted to participate (90,5%) out of which 
505 were finally examined with 44% (n=223) of the participants’ male and 56% 
(n=282) of female gender respectively (age 18-79). One hundred and twenty eight 
men in the MESSARA study were between 40 and 59 years old and were compara-
ble to the age of the cohorts of the SCS and the Christakis Study. 
All examinations were conducted by a trained research team at each village, after 
participants were informed about the study and written consent was given. Ap-
proval to conduct the survey was granted by the Ethical Committee of the Univer-
sity of Crete while the prefecture of Heraklion’s governing authority granted fund-
ing. Comparability with the historical data of 1960-1962 
The data with which we compare our current findings with are two studies that 
were performed in 1960 and 1962 respectively. The first, performed in 1960 was 
the Seven Countries Study (SCS), in which a cohort of mainly farmers from Crete 
(n=686) was examined and provided dietary, lifestyle and clinical information, 
which was compared with 14 other cohorts of different countries (and one from 
the Greek island of Corfu). The participants of the Cretan cohort of the SCS were 
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from farming and/or sheep breeding areas of the prefecture of Heraklion, in neigh-
bouring villages only a few kilometres from the valley of Messara in which our 
study took place [4]. Complete dietary data was collected in 1960 with the use of 
seven day dietary questionnaires and was available for 31 men [11]. Furthermore 
data on the subcutaneous gluteal adipose tissue fatty acids was available from 78 
survivors, during the 40-year follow up that was performed in 2000 [12]. 
The second study with which we compare our data is the “Christakis study”, which 
took place in 1962 and investigated into similar factors as the SCS, throughout the 
island of Crete including the prefecture of Heraklion and the valley of Messara. 
During this study a total of 11 villages and the city of Heraklion were surveyed. 
These 12 communities were grouped into four rural districts of Sfakia, Viannos, 
Amari and Messara, while a complete list of all men aged 45 years and over was 
obtained and subjects from the villages randomly selected and examined. Initially, 
280 subjects were examined, while dietary data was collected with the use of a 24 
hour recall questionnaire. Subcutaneous gluteal adipose tissue was collected from 
200 participants, 38 of which were from the Messara valley, with the remaining 
subjects from neighbouring counties. Further information on the procedures is 
available elsewhere [10]. 
 
Cardiovascular risk factors assessed 
In the current study, current smoking status, Systolic Blood Pressure (SBP), Diastolic 
Blood Pressure (DBP), Body Mass Index (BMI), Total Cholesterol (TC) and dietary 
habits were used as factors that influence the development of cardiovascular dis-
ease. Furthermore the qualitative composition of subcutaneous adipose tissue 
samples was used as an indicator of long term dietary habits. 
Participants were classified as having elevated blood pressure if they reported 
taking anti-hypertensive medication or had a SBP ≥ 130 mmHg or DBP ≥ 85 mmHg. 
In order to measure blood pressure, subjects were seated in a chair with their back 
supported and their arms bared and supported at heart level. Measurement was 
performed with the subject not having ingested coffee or smoked for 30 minutes 
and after at least five minutes of rest. The appropriate cuff size was used to ensure 
an accurate measurement. Measurements were taken using a mercury sphygmo-
manometer applied on the right arm of the participants. Two readings separated by 
two minutes were averaged. If they differed by more than 5 mmHg, one additional 
reading was obtained and then averaged. Early morning, venous blood samples 
were drawn for biochemical screening tests, following a 12-hour overnight fast. 
Dyslipidaemia was defined as TC ≥ 220 mg/dl. A subject was classified as a current 
smoker if he/she reported smoking at least one cigarette a day. The methodologi-
cal approach used to define anthropometric indexes, was based on the WHO crite-
ria and can be found elsewhere [13, 14]. 
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Dietary assessment 
Dietary and daily energy intake was assessed using three-day dietary report ques-
tionnaire that was handed to the participants prior to the examination day of the 
study and returned the next (n=251). Written and oral explanations were also pro-
vided. Where the three-day dietary questionnaires were not returned, a trained 
dietician completed a 24-hour dietary recall questionnaire on the day of examina-
tion (n=249) using food model photographs and household measures. To re-ensure 
internal validity between the three-day dietary report questionnaires and the 24-hr 
dietary recall questionnaires, statistical comparisons were performed investigating 
the dietary intakes of those who had completed three-day report questionnaires 
and the 24hour recall questionnaires. No significant differences were found except 
for vitamin A intake. Dietary records and fasting habits were available from 500 
participants. Nutrient contents were analyzed according to the food database de-
veloped at the Department of Social Medicine of the University of Crete in 1998 
and updated in 2000 [15]. An extensive description of the database can be found 
elsewhere as also further information on the population’s daily dietary and energy 
intake [13, 16-17]. 
Among the long term survivors of the Seven Countries Study, estimates of dietary 
intake for the non-housebound subjects were obtained by means of a quantitative 
food frequency questionnaire consisting of 121 common Greek foods & drinks. To 
assess usual dietary intake, a 24-hour dietary recall questionnaire was completed. 
Using the checklist, each meal and all between-meal snacks were discussed. Por-
tion sizes were assessed according to standard household measures with the aid of 
a commercial set of life-sized food portions. Composite food quantities were given 
in terms of their components if possible. Subjects were also asked whether they 
were on a special diet and if they took dietary supplements. Each interview lasted 
about an hour. When a subject had difficulty providing information, another family 
member gave assistance. 
 
Fatty acid analysis and sampling methodology 
Buttock subcutaneous tissue samples were collected by aspiration, using the 
method described by Beynen and Katan [18]. Samples were taken from the left 
upper outer quadrant of the gluteal area. Prior to aspiration, aspiration sites were 
sprayed with a local anaesthetic (ethyl chloride). Adipose tissue samples were 
stored in -80C until analysis. Fatty acid analysis was carried out as previously de-
scribed [12]. 
 
Statistical analysis 
All P-values are based on two-sided tests and a significance level lower than 0.05 
was defined. Continuous variables are presented as mean ± standard deviation, 
while qualitative variables were depicted with the use of frequencies. Student t and 
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chi-squared (χ2) tests were used for detecting differences between study groups in 
regards to their clinical, physical and biochemical characteristics. Finally, t tests 
were used to evaluate the differences in the characteristics of males in the present 
study, aged 40-59 years, and those of the SCS in 1960 again in 2000 and of the 
Christakis study in 1962. The statistical analysis was performed with the statistical 
package SPSS 17.0. (Statistical Package for Social Sciences, SPSS, Inc, Illinois, USA) 
 
RESULTS 
 
Comparisons in the epidemiology of cardiovascular risk factors of Cretan farmers 
45 years ago 
As compared with the initial data of CVD among Cretan farmers of the SCS in Table 
1, the risk factors of CVD among the male farming population of Crete have signifi-
cantly changed over the past 45 years. The TC blood levels has increased by 32.7 
mg/dl (an increase of 15.8 %) from 206.9 ± 41.4 mg/dl to 239.6 ± 45.8mg/dl and 
this difference was statistically significant (p<0.001). This increase in TC is also am-
plified by the increase in energy intake and the quality and quantity of fatty acid 
intake.  
 
Table 1. Comparison in cardiovascular disease risk factors between male farmers aged 40-59 of the 
Seven Countries Study (Cretan cohort) and the Messara study. 

 
Seven Countries 
Study 1960 

Messara Study 
2005 

% 
Change 

P-value 

Age in years 49 ± 5.5  49.6 ± 5.0 -- 0.213 
SBP in mmHg 137 ± 20  127.0 ± 15.7 -7.9 <0.001 
 SBP>130 57.5 % 31.7 %  -25.8 <0.001 
DBP in mmHg 81.6 ± 11.3  83.3 ± 9.9  2.1 0.086 
 DBP>90 17.1 % 20.8 % 3.7 0.364 
TC in mg/dl 206.9 ± 41.4  240.0 ± 47.0  16.0 <0.001 
 TC>200 51.5 % 73.6 % 22.1 <0.001 
Current Smoking 57.3 % 52.7 % -4.6 0.377 
BMI in kg/m2 22.9 ± 3  29.8 ± 4.8  30.1 <0.001 
Energy intake in kcal/day 2820  2412 ± 573  -14.5 <0.001 
PUFA in gr  13.4  14.8 ± 6.7  10.4 0.038 
MUFA in gr  84.1  63.7 ± 22.4  -24.3 <0.001 
SFA in gr  28  30.7 ± 12.2  9.6 0.024 

* One sample student t-test, values are mean± standard deviation 

 

Although the energy intake among participants of the 7 countries study was higher 
than those of the Messara study a significant increase in the daily intake of PUFA 
and SFA from 13.4g to 14.7g and from 28g to 30.4g and these differences were 
statistically significant (p=0.035 and p=0.031 respectively). The daily intake of 
MUFA has on the other hand decreased over the past 45 years from 84.1 g to 63.4 
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g (p<0.001). The above dietary fat and energy intake have also affected the BMI 
among farmers in Crete and the mean BMI was found to have increased by almost 
7 kg/m2 over the past 45 years (p<0.001). On the other hand smoking prevalence 
has remained the same as also their DBP, while SBP was found to have dropped by 
10 mmHg (p <0.001). The dietary habits of farmers from Crete also were found to 
have changed over the past 45 years. Table 2, depicts the different food groups 
initially used in the SCS and compares the daily intake between male farmers 40-59 
then and now as also that of the survivors of the SCS during the 40 year follow up. 
A significant decrease in the daily consumption of breads and potatoes is recog-
nised (<0.001) with a parallel increase in cereals (+70%, p<0.001). The major dietary 
differences noted is the increase in daily meat consumption, of 35gr in the 1960’s 
to 124gr in 2005 (+254%, p<0.001) and the parallel decrease in both fruit alone and 
combined fruit and vegetable consumption, on the other hand vegetable consump-
tion witnessed an increase.  
 
Table 2. Differences in self reported dietary intake of food groups between the 1960’s and 2005 among 
farmers from Crete, Greece 

Seven Countries Study Messara Study 
 
2005, males, 
n1=112, 
(40-59 yrs old) 

1960, males, n1=31, 
(40-59 yrs old) 

2000, males, n2.=118, 
(80-96 yrs old) 

Food groups 
in grams/day Mean±SD Mean 

% 
change 

P-value3 Mean±SD 
% 

change 
P-value4 

Bread  149±91 380 - 61 <0.001 103±83 -31 <0.001 
Cereals  51±67 30 + 70 <0.001 115±88 125 <0.001 
Potatoes  111±108 190 - 42 <0.001 97±73 -13 0.254 
Legumes  40±76 30 + 33 0.189 74±79 85 0.001 
Vegetables  283±184 191 + 48 <0.001 166±117 -41 <0.001 
Fruits  118±182 464 - 75 <0.001 232±203 97 <0.001 
Vegetables & Fruits  401±284 655 - 39 <0.001 397±258 -1 0.915 
Meat  124±107 35 + 254 <0.001 52±45 -58 <0.001 
Fish  41±75 18 + 128 0.002 27±26 -34 0.066 
Eggs  18±40 25 - 28 0.067 12±25 -33 0.184 
Cheese  35±52 13 + 169 <0.001 21±19 -40 0.009 
Alcohol (ethanol)  23±32 15 + 53 0.008 18±25 -22 0.186 
1 Dietary data was collected from 31 participants of the initial SCS study back in 1960, while 112 males of 
the MESSARA Study were of the same age group as the SCS participants; 2 SCS survivors of 2000 follow-
up; 3 One sample Student t-test (standard deviations were not available for the SCS data.); 4 Student t-
test. 

 
The daily intake of fruit alone in the 1960’s SCS cohort was 464gr in comparison to 
today’s 118gr (-75%, p<0.001) of the MESSARA cohort, while combined consump-
tion of fruit and vegetables dropped 39% (655 to 401gr, p<0.001). In comparison to 
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the 1960’s, the survivors during the 40 year follow up of the SCS were found to 
have a lower fruit and vegetable intake, albeit a slightly higher meat intake. 
Differences in the fatty acid profile of the subcutaneous adipose tissue derived 
from the Christakis Study in 1962, the last survivors of the initial Seven Countries 
Cohort in 2000 and the participants of the MESSARA study in 2005 are noted in 
Table 3. The qualitative differences noted were almost all highly statistically signifi-
cant (p<0.001). An increase in the saturated fats 14:0, 16:0 and 18:0 between the 
Christakis study participants and the MESSARA study participants was noted with a 
p-value of p<0.001, p<0.001 and p=0.007 respectively when comparing men of the 
same age group, from the same area, 43 years later. . For means of simplicity and 
categorised according to their level of saturation an increase in the percentage of 
saturated fats as also a significant decrease in the percentage of monounsaturated 
and polyunsaturated fats is noticeable during this 43 year period (p<0.001). 
 
Table 3. Subcutaneous gluteal adipose tissue fatty acid profile of farmers in Crete in 1962 and 2005 and 
in 2000 among the 40 year survivors of the initial cohort of the Seven Countries Study. 

Christakis et al, 1965 [10] 
(aged>45yrs) Fatty acid 

(g/100g total fatty 
acids) 

Messara 
Study, 2005 
(aged>45yrs) 
Messara, 
2005, 
(n1=125) 

Mean General 
Crete 1962, 
(n1=200) 

Sub study in the 
Messara Valley 
1962, (n1=38) 

Seven Countries 
Study, 40 year 
follow-up, 
aged≥80yrs 
Crete, 2000 
(n1=78)  

 

Chain 
length of 
fatty acid 
and No of 
double 
bonds 
present Mean Mean p-value2 Mean p-value3 Mean p-value4 

Myrstic 14:0 1.30 1.2 <0.001 1.0 <0.001 1.43 <0.001 
Myristoleic 14:1 0.13 0.5 <0.001 0.4 <0.001 0.17 <0.001 
Palmitic 16:0 16.9 14.7 <0.001 14.4 <0.001 14.9 <0.001 
Palmitoleic 16:1 3.5 6.4 <0.001 6.0 <0.001 3.3 <0.001 
Stearic 18:0 2.6 2.4 0.007 2.5 0.342 2.5 0.342 
Oleic 18:1 58.9 61.9 <0.001 60.9 <0.001 62.7 <0.001 
Linoleic 18:2 9.3 10.4 <0.001 12.6 <0.001 7.8 <0.001 
Saturated fatty acids 21.4 18.8 <0.001 20.5 <0.001 19.5 <0.001 
Mono-unsaturated fatty acids 65.7 68.0 <0.001 68.0 <0.001 69.6 <0.001 
Poly-unsaturated fatty acids 11.6 12.3 <0.001 11.5 0.719 9.6 <0.001 

1 Numbers differ according to the number of samples that were available and analysed in each of the 
study; 2 Crete 1962 vs. Messara 2005, One sample Student t-test; 3 Messara 1962 vs. Messara 2005, One 
sample Student t-test; 4 Seven Countries Study 2000 follow up vs. Messara 2005, One sample Student t-
test. 
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These results were derived both in comparison to the general population of Crete 
(same age and gender) in the 1960’s as also from participants from the same farm-
ing valley of Messara, in comparison to same age and gender participants 43 years 
later. Additionally to the above a second analysis was performed comparing the 
subcutaneous gluteal adipose tissue fatty acid profile of the current MESSARA 
study participants with that of the survivors of the original SCS cohort who were 
examined in 2000. Despite the age difference, these participants still retained a 
profile similar to that of participants in the Christakis study in the 1960’s but large 
differences were noted with the participants of the MESSARA study for the major-
ity of analysed fatty acid esters as depicted above in Table 3.  

DISCUSSION 
This is the first study to revisit the areas of the Cretan cohort of the SCS, and inves-
tigate into CVD risk factors of farmers the same age group of the farmers of the 
SCS, 45 years after its completion. The cardiovascular risk factors of the current 
farming population of Crete have altered and although historically being known to 
hold the title of the “gold standard” of health status globally their cardiovascular 
risk factors have significantly changed over the past 45 years. Significant differ-
ences in the risk factors for the development of CVD in comparison to farmers from 
Crete in the 1960’s were noted in regards to the current populations unfavourable 
lipid profile, physical inactivity, elevated BMI and non adherence to the Mediterra-
nean diet as verified by both dietary and clinical biomarker data. On the other hand 
current day farmers were found to have a significantly lower SBP and lower energy 
intake, and a slightly lower prevalence of smoking (albeit non significant). 
High blood pressure, diabetes mellitus, smoking and hypercholesteraimia are well 
established risk factors for CVD, therefore their correct management and monitor-
ing within primary care is imperative so as to reduce the burden of CVD at both an 
individual and at a population based level [20-21]. The changes in the prevalence of 
the risk factors for the development of CVD come to reflect the cultural social and 
scientific differences between rural Crete of the 1960’s and today. The decrease in 
the mean SBP (-8%) and in the percentage of the population with SBP>130 (-26%) is 
likely to be due to the improvement in hypertensive treatment and primary care 
prevention as part of the global effort to reduce the burden of hypertension [22-
23]. On the other hand, the 16% increase in the populations total cholesterol level 
as also the 30% increase in mean BMI are a formidable indicator of their excess risk 
for the development of CVD [24-28]. Prospective follow up cohorts, as the 20, 25 
and 40 year follow-ups on the survivors of the initial SCS cohort have demonstrated 
at a population based level the significance on both cholesterol and BMI on CVD, 
cancer and general mortality [9, 28-31]. This noted difference in mean cholesterol 
levels and mean BMI between the initial SCS cohort from Crete and the MESSARA 
study participants is stressed by the fact that even among the initial participants 
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and subsequent 25 year follow up survivors of the SCS, the highest coefficient for 
mortality found in the multivariate analysis in Greece was for blood cholesterol. On 
the other hand, SBP and smoking were not statistically related with mortality 
among the Greek population, which still had one of the lowest coronary heart dis-
ease mortality 25 years into the follow up (34.5 CHD death rate per 1000 vs. 221.7 
for the Finnish cohort and 173.9 for the Dutch) [28]. It is possible that the infra-
structural development of rural Crete and the mechanisation of traditional farming 
are just a few of the changes noticed in rural Crete that might and are likely to have 
played a part in the increase in the populations elevated BMI. While over 60% of 
the participants of the SCS habitually engaged in hard physical work and only 7% 
were estimated to live sedentary lifestyles, much different to the low percentage of 
physical activity noted among current farmers from Crete [15]. 
Since antiquity the Greek population followed to consume a traditional dietary 
pattern, known as the Mediterranean diet of Crete. This diet is low in saturated fat 
and red meat consumption but high in monounsaturated fat (obtained mainly 
through the elevated intake of olive oil), antioxidants and vitamins (from fresh fruit, 
wild greens, vegetables, nuts and legumes) [14]. A significant part of the traditional 
lifestyle of Crete of the 1960’s was also the populations high adherence to the 
traditional fasting days of the Christian Orthodox Church, (a kind of periodic vege-
tarian diet in which certain types of seafood i.e. cephalopods and molluscs are 
allowed), which recently have been shown to favourably effect blood pressure and 
cholesterol levels as well as nutrient intake [16, 32-33]. The mean daily dietary 
intake of saturated, polyunsaturated and monounsaturated fat has altered over the 
past 45 years (by +9%, +10% and –10% respectively) among 40-60 year old’s. These 
results likely indicate a lower adherence to the Mediterranean diet and a decrease 
most likely in olive oil consumption as verified by the decrease in daily monoun-
saturated fat intake, a fact that in correlation with the increased protein intake 
could explain the difference in calorie intake over the past 45 years. Moreover the 
differences in the dietary habits between 1960 and 2000 among the participants of 
the SCS could be attributable to both less adherence to the Mediterranean diet as 
also the dietary habits of the elderly as the remaining survivors of the SCS were in 
the year 2000, 80-96 year olds. It has been speculated that modern-life prototypes, 
less time in preparing the meals at home; and the increased cost of olive oil, fish, 
cereals, fruits and vegetables, instead of other fats and animal products, may have 
lead southern Mediterranean populations away from this healthy dietary patter, a 
hypothesis with which we agree to [34]. 
These above findings although previously noticed among some urban populations 
in Greece, they have never been found among the rural population, especially that 
of Crete [35]. The use of adipose tissue as a biomarker of dietary intakes was ap-
plied as a method of evaluating long term, chronic dietary intakes. The noted in-
crease in the SFA and the decrease in the MUFA of adipose tissue among farmers 
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from Crete over the past 45 years give a clear insight into the abandoning of the 
traditional Mediterranean diet of Crete and the adoption of a more westernised 
“modern” diet. Furthermore, the qualitative changes in adipose tissue content 
between the three studies (MESSARA, SCS and the Christakis Study) are indicative 
of the increase in cardiovascular risk, as the ratio of adipose tissue fatty acids is a 
clear marker of CVD and related to mortality [36]. 
As adherence to the Mediterranean diet has a protective effect on obesity, acute 
CVD episodes and lowers overall mortality, the gradual trend of the populations 
move towards a more northern European diet, (replacing saturated with monoun-
saturated fat), would also have a significant effect on the health status of the popu-
lation [37-40]. Moreover, as shown among the survivors of the SCS adherence to a 
Northern European diet, which is high in saturated fat and cholesterol, is an impor-
tant determinant of CVD and related death [40-41]. 
 
This study provides a historical insight into the change in CVD risk factors among 
the Cretan population. Historically they reaped the benefits of a long life expec-
tancy and the pinnacle of health status globally and whose renowned Mediterra-
nean diet has been adhered to by millions around the globe. The study’s epidemi-
ological sampling approach and methodology allow for our findings to be general-
ised for the farming population of Crete. In line the use of dietary biomarkers (adi-
pose tissue fatty acid composition) for assessing chronic dietary habits allowed us 
to verify the participants’ chronic dietary intakes and interpret the population’s 
dietary changes with relative certainty. There is a possibility that laboratory differ-
ences may exist due to newer equipment, even though the methodology has re-
mained the same over the years. Additionally, as the MESSARA study is a cross 
sectional study, we were unable to provide evidences for causality, although this 
was not the purpose of the study. Further research is needed to investigate into 
the behavioural, social and cultural changes that induced the current CVD risk sta-
tus and the noticed lack of adherence to the classical Mediterranean lifestyle and 
diet. 
 
Conclusions 
Conclusively, the dietary habits and the CVD risk factors of the farming population 
of Crete have significantly changed over the past 45 years, indicative of their in-
creasing risk for acute and chronic disease development. Although historically 
known for their low CVD prevalence currently farmers from Crete are possibly at a 
higher risk for developing CVD in comparison to their “model” previous genera-
tions. 
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ABSTRACT 
 
Background-Aim: As first shown 40 years ago farmers from Crete had one of the 
healthiest lifestyles compared to other participants of the Seven Countries Study. 
Taking the above into account we investigated into the prevalence of obesity and 
its indexes among farmers in Crete in 2005. 
Methods- Results: 502 farmers (18-79 years old) from the Valley of Messara in 
Crete were randomly selected and examined. Body Mass Index (BMI), waist circum-
ference (WC), waist-to-hip ratio (W/Hip Ratio), waist-to-height ratio (W/Height 
Ratio), conicity index, percentage of body fat and hours of daily light physical activ-
ity (LPhA) and moderate-to-vigorous physical activity (MVPhA) were calculated for 
each subject. 86,1 % of the study population was overweight and/or obese. Specifi-
cally 42.9 % had a BMI of 25.1 –30 kg/m2 and were overweight and 43.2 % were 
obese with a BMI > 30 kg/m2. The percentage of body fat was estimated at 27.3 % 
of total body weight among males and 39.3 % among females, while all obesity 
indexes were found to differ between gender. 
Conclusions: In comparison to middle aged male farmers from Crete in the 1960’s, 
mean weight has increased by 20kg (83kg vs. 63kg), which has lead to an 7kg/m2 in 
mean BMI (22.9 kg/m2 vs. 29.8kg/m2), findings that support the fact that the preva-
lence of obesity in Greece has risen dramatically over the years, even among farm-
ers from Crete, a population historically known for being the gold standard of 
health status globally. 
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INTRODUCTION 
 
In the past, the Greek population, specifically that of Crete, was known to have 
very low rates of cardiovascular disease (CVD) and cancer compared to other five 
other countries in Europe, to the US and to Japan, as first discovered during the 
Seven Countries Study (SCS) [1]. The population of Crete, adhered to the traditional 
farmers way of life, with a diet based on the high consumption of vitamins fibre 
and antioxidants, through the consumption of olive oil, wild greens, fruits, whole 
wheat bread and legumes, walnuts, almonds and snails, supplemented with a rare 
to moderate consumption of red meat, fish and dairy products [2]. Farmers in the 
1960’s also had elevated levels of daily moderate to high physical exercise, due to 
the little mechanical assistance used in farming, until recently [3]. The result of such 
a lifestyle was naturally a low Body Mass Index (BMI), a factor lowering the popula-
tion’s risk for cancer, chronic and cardiovascular disease. Long time follow ups of 
both the Cretan and the Corfu cohorts of the SCS have elaborated the fact that 
adherence to a Mediterranean style diet and lifestyle is accompanied by a signifi-
cant reduction in mortality, a lifestyle globally recognised as an ideal avenue for 
promoting health and preventing disease [3-4]. 
Affecting insulin resistance, lipid metabolism and promoting systemic inflamma-
tion, obesity predisposes to a number of non communicable diseases such as hy-
pertension, dyslipidaimia and type II diabetes [5-6]. The association between 
bodyweight and both total and cardiovascular disease mortality is well docu-
mented [7]. Population based follow up studies have clearly demonstrated the 
relationship between increased obesity indexes and both acute and chronic cardio-
vascular disease [8-10]. 
The above facts are alarming when one takes into account the rise in the preva-
lence of obesity globally. It is estimated that there are approximately 1000 million 
overweight and 300 million obese adults worldwide [11]. Greece, unfortunately has 
not avoided the maelstrom, since epidemiological studies have shown that the 
prevalence of obesity is not only elevated among adults, but also among children 
and adolescents [12-13]. Taking the above into account, the purpose of this epide-
miological study was to estimate the prevalence of overweight, obesity and physi-
cal exercise among farmers in the valley of Messara in Crete, Greece and to com-
pare them with previous rates found among farmers from rural Crete and other 
populations currently within Greece. 
 
RESEARCH METHODS AND PROCEDURES 
The MESSARA study was carried out between February and June 2005. The purpose 
of the study was to estimate the prevalence of cancer, cardiovascular and chronic 
disease and their risk factors among the farming population in the valley of Mes-
sara in Southern Crete. 



 40 

Sampling 
Farmers (n=662) from the valley of Messara in southern Crete, Greece were ran-
domly selected by using the six municipality’s voting lists using a random stratified 
sampling methodology, with the number of participants in each of the 24 villages 
selected according to the villages total farming population. A participant was re-
garded as a farmer if his main occupation was farming and/or sheep breeding, and 
was concurrently insured by the farmer’s social insurance fund. Out of the 662 
people randomly selected, 599 accepted to participate (90,5%) out of which 505 
were finally examined with 44% (n=223) of the participants’ male and 56% (n=282) 
of female gender respectively (age 18-79). Regarding the participants level of edu-
cation males were higher educated than females (p=0.011). 63.5% of males and 
72,6% of females had <6 years of education, 30,1% of males and 25,5% of females 
held only a high school degree and university degrees were held by 6,4% of males 
and 1.8% of females respectively. 
All examinations were conducted by a trained research team at each village, after 
participants were informed about the study and written consent was given. Ap-
proval to conduct the survey was granted by the Ethical Committee of the Univer-
sity of Crete while the prefecture of Heraklion’s governing authority granted fund-
ing. 
 
Classification of adiposity and physical activity 
A digital scale (Seca) was used to measure body weight (BW) with an accuracy of ± 
100 g. Subjects were weighed without shoes, in their underwear or light clothing. 
Standing body height (BH) was measured without shoes to the nearest 0.5 cm with 
the use of a commercial stadiometer with the shoulders in a relaxed position and 
the arms hanging freely. BMI was calculated as BW in kilograms (kg) divided by the 
square of the BH in meters (m2). Waist circumference (WC) was measured in the 
middle between 12th rib and iliac crest at the level of umbilicus and the hips circum-
ference (HC) at the fullest point around the buttocks. WC (cm) was divided by HC 
(cm) and BH (m) in order to calculate the waist-to-hip (W/Hip) and waist-to-height 
(W/Height) ratio respectively. The percentage of body fat was assessed by measur-
ing the thickness of subcutaneous adipose tissue in millimetres using a Lange skin 
fold calliper. The skin fold thickness was measured twice on the left side of the 
body at four sites: biceps and triceps (limb), sub scapular and supra iliac (trunk). 
The sum of the four skin fold thickness measures were considered an indicator of 
total subcutaneous fat according to the participant’s sex and age [14]. BMI was 
calculated as weight (in kg) divided by height (in meters) squared. According to the 
WHO classification one was defined as overweight if their BMI was between 25 and 
29.9 kg/m2 and obese if their BMI was ≥ 30 kg/m2 [15]. WC cut-offs were defined as 
>102 cm for male and >88 cm for female participants. The participants conicity 
index (CI) was calculated as a means of calculating abdominal adiposity as it is a 
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function of abdominal girth, weight and height. The CI has been claimed to have 
several advantages over other obesity indexes due to the fact that it has an ad-
justment for height and weight and that it does not need hip circumference to 
assess fat distribution [16]. Greek Orthodox Christian fasting days per year were 
noted and included into the investigation due to their acknowledged role in the 
health status of the Greek population [17-18]. Energy intake was calculated with 
the use of three day record dietary questionnaires (n=251) and 24 hour dietary 
questionnaires (n=249). Further information on the population’s daily dietary and 
energy intake can be found elsewhere [19]. 
Light physical activity (LPhA) and moderate to vigorous physical activity (MVPhA) 
was calculated using a weighted weekday and weekend physical activity question-
naire used in previous studies, as also in Crete [20-22]. This questionnaire divides 
daily activities into 5 categories with a different yield coefficient for each activity 
level (sedentary hours have a coefficient of 1.0; very light activity has a coefficient 
of 1.5; light activity has a coefficient of 2.5; while moderate and heavy activity lev-
els have coefficients of 5.0 and 7.0 respectively). The sum of which is multiplied by 
the hours performed per day and then divided by the 24 hours in each day to pro-
vide the PAL. 
 
Statistical analysis 
For means of analysis and easy comparison with other studies the anthropometric 
results were classified according to BMI and age. The age groups used were 18-39, 
40-59 and 60-80 and the BMI cut-offs for overweight and obesity were as described 
above. All P-values are based on two-sided tests and a significance level of 5%. 
Continuous variables are presented as mean ± standard deviation, while qualitative 
variables were depicted with the use of frequencies. Finally, obesity and physical 
activity indexes were compared with the Student t-test (equal variances were not 
assumed during the analysis). The chi- squared test (χ2) was used to investigate 
differences in prevalence of overweight and obesity between both genders in each 
age group. During the investigation regarding the possible factors that influence 
the obesity indexes of the population a multiple stepwise linear regression analysis 
was performed. Independent variables in this analysis included the participants’ 
gender, age in years, educational level, smoking status (smokers, ex/non smokers), 
PAL, energy intake (in kcal) and fasting days per year. The participants’ educational 
status was grouped according to their years of education: elementary/none (0-6 
years), high school (6-12 years) and higher education (12+ years). The statistical 
analysis was performed with the statistical package SPSS 16.0. (Statistical Package 
for Social Sciences, SPSS, Inc, Illinois, USA) 
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RESULTS 
Eighty six percent (86.1%) of the study population was overweight and/or obese. 
Specifically 42.9 % had a BMI of 25.1 –30 and were overweight (52 % of male and 
33.7 % of female participants) and 43.2 % were obese with a BMI > 30 kg/m2 (35.7 
% of male and 50.7 % of female participants. On the whole female participants 
were more obese than male and this difference was statistically significant 
(p<0.001). Waist circumference also differed between both genders (p<0.001) with 
40.3 % of males and 85.8 % of females found to have a waist circumference greater 
than 102 / 88. Table 1 depicts the prevalence of overweight, obesity and waist 
circumference measurements of the study sample, according to the age groups 
specified above. 
 
Table 1. Prevalence of overweight and obesity according to Body Mass Index and waist circumference 
measurements of the study sample. 

  Males Females  
Age (yrs) Anthropometric Measurements % (N) % (N) P-value 

18-39 Body Mass Index (kg/m2) 25.1-30 61.5 (32) 31.9 (23) 
  >30 25.0 (13) 30.6 (22) 0.002 

 Waist circumference (cm) >102/88 21.2 (11) 65.3 (47) <0.001 
40-59 Body Mass Index (kg/m2) 25.1-30 47.1 (57) 37.4 (55) 
  >30 41.3 (50) 53.1 (78) 

ns 

 Waist circumference (cm) >102/88 43.0 (52) 90.5 (133) <0.001 
60-80 Body Mass Index (kg/m2) 25.1-30 55.3 (26) 27.0 (17) 
  >30 31.9 (15) 68.3 (43) 

0.001 

 Waist circumference (cm) >102/88 53.2 (25) 98.4 (62) <0.001 
Total Body Mass Index (kg/m2) 25.1-30 52.0 (115) 33.7 (95) 
  >30 35.7 (79) 50.7 (143) 

<0.001 

 Waist circumference (cm) >102/88 40.3 (89) 85.8 (242) <0.001 
      

# Chi-square test 
ns: statistically not significant difference 
 
As shown in Table 2 the mean BMI of the total population was 29.3 kg/m2 in males 
and 30.6 kg/m2 among females, whilst the percentage of body fat calculated using 
skin fold thickness was estimated at 27.3 % of total body weight among males and 
39.3 % of total body weight among females. Both BMI and waist circumference 
were statistically related to gender with a p-value of 0.007 and <0.001 respectively. 
Similar findings were also found regarding WC (males 100.4 cm, females 102.7 cm, 
p=0.037), W/Hip ratio (males 0.99, females 0.96, p=0.001) and W/Height ratio 
(males 0.60, females 0.66, p<0.001). 
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Table 2. Anthropometric measurements of the study sample classified according to age group. 

  Males Females  
Age (yrs)   N Mean (SD) N Mean (SD) P-value 
18-39 Body Mass Index (kg/m2) 52 28.6 (4.5) 72 27.8 (6.2) ns 
 Waist circumference (cm)  95.3 (12.8)  94.4 (15.4) ns 
 Waist-to-hip ratio  0.93 (0.08)  0.91 (0.08) ns 
 Waist-to-height ratio  0.55 (0.07)  0.59 (0.09) 0.008 
 % Body Fat  22.6 (4.3)  33.6 (5.3) <0.001 
 Conicity Index  1.24 (0.08)  1.30 (0.09) <0.001 
 LPhA (hours/day)  3.3 (2.3)  5.0 (3.1) 0.001 
 MVPhA (hours/day)  7.4 (4.4)  4.8 (4.0) 0.001 
       
40-59 Body Mass Index (kg/m2) 121 29.8 (4.7) 147 30.9 (4.9) ns 
 Waist circumference (cm)  101.6 (10.5)  103.4 (12.1) ns 
 Waist-to-hip ratio  1.01 (0.07)  0.97 (0.08) <0.001 
 Waist-to-height ratio  0.61 (0.06)  0.66 (0.08) <0.001 
 % Body Fat  28.7 (5.3)  40.5 (4.5) <0.001 
 Conicity Index  1.32 (0.07)  1.37 (0.09) <0.001 
 LphA (hours/day)  3.8 (2.8)  5.0 (2.6) <0.001 
 MVPhA (hours/day)  6.4 (4.0)  5.1 (3.6) 0.006 
       
60-80 Body Mass Index (kg/m2) 47 28.9 (3.4) 63 32.8 (5.2) <0.001 
 Waist circumference (cm)  102.5 (11.0)  110.8 (11.2) <0.001 
 Waist-to-hip ratio  1.02 (0.09)  1.02 (0.11) Ns 
 Waist-to-height ratio  0.62 (0.06)  0.73 (0.07) <0.001 
 % Body Fat  29.0 (4.6)  43.0 (3.9) <0.001 
 Conicity Index  1.36 (0.08)  1.44 (0.08) <0.001 
 LphA (hours/day)  4.2 (2.5)  5.3 (2.3) 0.013 
 MVPhA (hours/day)  5.2 (3.3)  3.0 (3.3) 0.002 
       

Total Body Mass Index (kg/m2) 221 29.3 (4.4) 282 30.6 (5.6) 0.007 
 Waist circumference (cm)  100.4 (11.5)  102.7 (14.0) 0.037 
 Waist-to-hip ratio  0.99 (0.08)  0.96 (0.10) 0.001 
 Waist-to-height ratio  0.60 (0.07)  0.66 (0.10) <0.001 
 % Body Fat  27.3 (5.6)  39.3 (5.7) <0.001 
 Conicity Index  1.31 (0.08)  1.37 (0.10) <0.001 
 LphA (hours/day)  3.8 (2.6)  5.1 (2.6) <0.001 
 MVPhA (hours/day)  6.4 (4.0)  4.5 (3.7) <0.001 

# Student t test (equal variances not assumed) ns: statistically not significant difference 
 
Furthermore, a stepwise linear regression analysis of the descriptive and lifestyle 
variables that affected the participants’ obesity indexes was performed and is pre-
sented in Table 3. The participants BMI was found to be affected by their age and 
gender (p<0.001 and p=0.009 respectively) and their WC by their age and daily 
energy intake. The educational status of the population was found to be correlated 
both to their WC/height ratio and to their CI with a p-value of p=0.008 and p=0.022 
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respectively. Additionally the participants CI was found to be affected according to 
gender (p<0.001), daily energy intake (p=0,019) and fasting days that the partici-
pant adheres to per year (p=0.010). 
 
Table 3. Regression analysis of the variables found to affect obesity indexes among Cretan farmers, 
participants in the Messara study. 

Dependent variable. Independent variable. Beta t R2 adjusted p-value 

BMI age 0.253 5.76 0.063 <0.001 
 gender 0.116 2.63 0.075 0.009 
      
WC age 0.362 8.42 0.145 <0.001 
 energy intake -0.100 -2.32 0.153 0.021 
      
WC/height age 0.410 9.73 0.219 <0.001 
 gender 0.326 8.69 0.333 <0.001 
 education 0.112 2.64 0.342 0.008 
      
Conicity Index age 0.473 10.73 0.260 <0.001 
 gender 0.265 6.01 0.337 <0.001 
 education 0.097 2.29 0.343 0.022 
 fasting days -0.110 -2.57 0.349 0.010 
 energy intake -0.101 -2.36 0.355 0.019 
      
 Stepwise Linear Regression analysis (on 480 male and female farmers aged 18-75) : The independent 
variables used were Gender, Age (in years), Education, Smoking status (Smokers, Ex-smokers,, Non-
smokers), PAL , Energy intake (in kcal) and fasting days (in days per year) 
 
DISCUSSION 
 
This descriptive epidemiological study is important in the context of the history of 
cardiovascular epidemiology, since to our knowledge this is the first time in 40 
years that the prevalence of overweight and obesity among a randomly selected 
sample of farmers in Crete, Greece has been recorded. This study notes the highest 
prevalence of obesity and overweight in Greece to date, and in a population that 
has historically been a gold standard of health. 
It is of significant interest to compare our results with the results of the Seven 
Countries Study, which took place in Crete in the 1960s with a cohort of men from 
several villages, 75% of which were farmers born between 1900 to 1919 and fol-
lowed up over 40 years [1]. The mean age of the participants then was 49 years 
(range 40-59) and their mean BMI was 22.9 kg/m2. For the same age group in our 
study population the mean BMI was 29.8 kg/m2, almost 7 kg/m2 higher than the 
BMI of farmers in Crete forty years ago. The average body weight of farmers was 
63kg in the 60’s during the baseline measurements of the seven countries study, 
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while male participants in Messara currently have an average weight of 83kg, thus 
noting an alarming 32% increase, a fact that can’t be explained by the noted de-
crease in energy intake (2820kcal in the 1960’s to 2412Kcal in the Messara study) 
[19, 23]. The lifestyle habits of the population in rural Crete also have changed over 
the past forty years. Based on job related physical activity, over 60% of the men in 
the Seven Countries Study habitually engaged in hard physical work for which their 
mean energy expenditure was estimated at more than 3000 kcal per day, while 
only 7% of the population in the 1960s; were classified as having sedentary levels 
of physical activity [24], Notably, the level of physical activity among the Messara 
Study participants is lower, a factor further increasing the populations mortality 
risk [25]. 
A sex-specific association with overweight and obesity was also detected among 
participants in the MESSARA study. Females had a higher BMI, WC, W/Hip ratio, 
W/Height ratio and percentage of body fat when compared to male participants. 
Such a difference in obesity indexes could possibly be attributed to the smaller 
amount of physical activity performed by females due to the women’s traditional 
role in such villages (their main role still is looking after the children and household 
and only mildly participating in farming activities). Women of all ages were found 
to have a more sedentary lifestyle and noted lower levels of MVPhA and higher 
levels of LPhA thus affecting their daily energy expenditure and subsequently also 
their obesity indexes and most likely their risk for both CVD and cancer [26]. These 
levels of physical inactivity are comparable to those found among urban women in 
Greece, of which 68% report a sedentary or low physical activity status [27]. 
According to the International Obesity Task Force, the prevalence of overweight 
and obesity in Greek men and women is the highest among European countries 
with 78.6% of men and 74.7% of women classified as obese and overweight, lower 
than the percentage derived from the results of the MESSARA study [28]. In com-
parison, the prevalence of overweight/obese in male participants of the ATTICA 
study, (which is representative of the general population in the prefecture of Attica 
-including Athens- and has been adopted by Surf II-WHO as the national indicators 
for CVD risk, including obesity) has been estimated at 73% (significantly lower than 
the 87.7% of our findings (z-test p<0.05), while among overweight/obese female 
participants the difference in prevalence was even greater (84.4% in the MESSARA 
study vs. 46% of the ATTICA study, z-test, p<0.05) [12]. In the ATTICA study’s rural 
population the prevalence of obesity was estimated at 10%, a percentage that the 
authors had attributed to differences in occupational status. We estimated the 
prevalence of obesity at 43.2% among farmers, very similar to the percentage of 
overweight adults in the mainly urban, general population of the ATTICA study. 
Comparing levels of BMI, the population of the ATTICA study also had lower index 
levels, with a mean BMI of 27.4 kg/m2 in men and 25.3 kg/m2 in women compared 
to our 29.3 kg/m2 (z-test, p<0.0001) and 30.6 kg/m2 (z-test, p<0.0001) respectively. 
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Our results are closer to the EPIC study findings, which among other fields also 
researched into overweight and obesity in 50 –64 year olds in Greece, although 
their study participants are not exactly representative of the general population of 
that age group [29]. According to the EPIC study, 81% of Greek men and 83% of 
Greek women of that age group were overweight and obese. Comparing the MES-
SARA study findings to those of the Greek EPIC cohort the prevalence of over-
weight/obesity among men was lower in the latter (87,7% vs. 80,5%, z-test p<0.05) 
while non significant in regards to overweight/obese women (84.4% vs. 82.1%, z-
test p=NS) 
Regarding the W/Hip ratio we found similar results among men of that age group 
(1.01 vs. 0.97) but large differences among females (1.00 vs. 0.83). Regarding WC, 
97% of females and 44% of males in the MESSARA study had a WC larger than 
specified as the normal cut-off compared to 55% and 39% of the EPIC study cohort 
respectively. The large difference in the prevalence in overweight and obesity be-
tween the EPIC, ATTICA and MESSARA study could be attributed to different life-
styles between the general and the farming population, even though one could 
hypothesize that farmers would have a better lifestyle and BMI. 
Educational as also socioeconomic status has been demonstrated to have an effect 
on obesity indexes, physical activity levels and dietary habits in both national and 
internationally based studies [30-31]. The noted low educational level of the Mes-
sara study participants, is expected as this is an occupational cohort of farmers. It is 
highly likely that the farming population of Southern Crete is not educated enough 
on matters regarding physical activity, nutrition, obesity and its health indications 
in general and also in comparison to the general population low to their low educa-
tional status and would greatly benefit from an educational or lifestyle population 
based intervention. This fact is strengthened by the fact that the participants 
W/height ratio and CI was found to be statistically affected by their educational 
level as seen in the regression analysis of the variables found to affect obesity in-
dexes. The paradox in our analysis, that the populations WC and CI are negatively 
associated with daily energy intake is most likely due to the fact that that the par-
ticipants with a higher WC and CI were of greater age and had a subsequently 
lower energy intake, as also to the fact that the distribution of the populations BMI 
was severely skewed to the right. 
Due to the study’s cross-sectional design we were not able to draw any firm con-
clusions regarding causality between the dependent and independent variables in 
our study. Although this is not a general population based study and therefore the 
results are not generalisable of the whole population of Crete, the occupational 
randomly stratified study design allows us to conclude on the generalisability of our 
results among the farming population of Crete, which has been under investigation 
by a number of researchers over the past half century [1,3,4,8,24]. 
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The MESSARA study’s findings prove that overweight and obesity has dramatically 
risen in Crete over the past forty years, and currently even surpasses the preva-
lence estimated in urban Athens. Farmers from Crete, once renowned as the gold 
standard of health status globally in the 1960’s are now mostly overweight and 
obese. Such high levels of obesity indexes, enhanced by the low educational status 
of the farmers, stress the need for the creation and adoption of an educational 
health and nutrition policy in Greece, especially in Crete, since the population is 
currently been stricken by an obesity epidemic with serious adverse effects on its 
health. 
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ABSTRACT 
 
Objective: To assess the calcium, nutrient and food intake of Greek Orthodox Chris-
tian monks during a vegetarian-type fasting week, compared to their normal diet. 
Design: Dietary data collection (using 7-day weighed food records), anthropometric 
and blood pressure measurements, as well as serum glucose and lipid analyses 
were performed during Palm Sunday week (fasting) and the week following Pente-
cost Sunday (non-fasting). Mean daily nutrient and food (g/day) intakes were calcu-
lated from the food records. 
Setting: The study took place in two monasteries in the Municipality of Heraklion, 
Crete. 
Subjects: The study involved ten healthy monks aged 25-65 years, with BMI>30, 
who had been performing fasts for the last 24.4 (SD 10.4) years and living in mon-
asteries in Crete during April-June 2005. 
Results: Nutrient and food intake profiles were more favourable during the fasting 
week, when participants had lower intakes of total and saturated fat and trans 
fatty acids, and higher intakes of dietary fibre, iron, folate, legumes and 
fish/seafood. Calcium intake was lower when participants fasted, whereas dairy 
product, meat and egg consumption increased significantly in the non-fasting 
week. Systolic blood pressure was significantly higher, whereas blood lipid levels 
were more favourable during the fasting week. 
Conclusions: The periodic vegetarianism recommended by the Greek Orthodox 
Church contributes to the favourable profiles of several biomarkers of health 
among this sample of monks. The fasting rituals described are an important com-
ponent of the traditional diet of Crete and should be emphasised in nutrition edu-
cation programmes promoting this Mediterranean eating pattern. 
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INTRODUCTION 
 
The traditional Mediterranean diet of Crete is a dietary pattern that is promoted 
for its health benefits [1]. The Seven Countries study was the first study to raise 
interest in this diet’s health-promoting qualities, due to the low overall mortality 
rates, low rates of chronic disease and increased longevity demonstrated by people 
living in Crete [2-5]. The excellent health of the population of Crete was mainly 
attributed to their diet, which was rich in plant foods and (mainly unrefined) cere-
als. In addition, the moderate intake of dairy products and the low consumption of 
animal foods gave a low intake of saturated fat, whereas the use of olive oil as the 
main source of fat in the diet provided an abundant intake of health-promoting 
antioxidants and plant sterols [6]. The lifestyle of the population of Crete was also 
characterised by moderate to vigorous daily physical activity2. Despite their rich 
dietary heritage, the dietary habits of the population of Crete have been deteriorat-
ing over the last four decades and have started to resemble a more ‘Western’ eat-
ing pattern, characterised by increased consumption of animal products and re-
duced intake of cereals, fruits, legumes and vegetables [5]. 
One of the main characteristics of the Mediterranean diet of Crete and Greece, 
which was ignored by the original investigators of the Seven Countries Study [7], 
was the periodic fasting practiced by members of the Greek Orthodox Church. In 
recent years, much interest has focused on this special practice that is retained and 
is characteristic of the Mediterranean diet of Crete and its suggested beneficial 
effect on dietary habits and health [8-11]. According to the Greek Orthodox Church 
dietary recommendations, fasting occurs at three major periods during the year: 
Christmas (50 days); Easter Lent (40 days); and the Assumption (15 days), in addi-
tion to almost every Wednesday and Friday. During these periods, which total ap-
proximately 180-200 days annually, the consumption of foods of animal origin, 
dairy products and olive oil is restricted, fish intake is allowed only during Christmas 
and intake of seafood and snails is always allowed [9]. Snails, in particular, are of-
ten consumed in Greece (and especially Crete), mainly in casseroles with tomatoes 
and wheat or vegetables but also fried in olive oil and vinegar. They are consumed 
mainly during spring/summer months, irrespective of fasting. However, they are a 
good source of protein, calcium and alpha-linolenic acid during fasting, whereas 
they are low in total and saturated fat [12]. Consequently, adherence to this fasting 
ritual results in the periodic consumption of a vegetarian diet [13], which character-
ises the reported Mediterranean diet of Crete and Greece [5,14]. 
The role of calcium in the regulation of cellular processes determining health and 
well-being is well recognised [15]. Adequate calcium intake is critical to the acquisi-
tion of ideal peak bone mass and the maintenance of bone mineral density in 
adults [16-18]. Milk and dairy products are the main food sources of calcium, in 
addition to providing this mineral in a readily absorbable form by the body, 
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whereas bioavailability of calcium from plant foods is questionable [15,19,20]. A 
growing body of evidence, however, supports the beneficial effects of fruits and 
vegetables on bone health [21]. Inulin, for example, a substance abundant in cer-
tain plants, such as artichokes, has been reported to increase calcium absorption,, 
whereas calcium absorption from low-oxalate vegetables, such as kale and broccoli, 
appears to be excellent [22,23]. In the traditional diet of Crete, dairy products are 
the principal source of dietary calcium, in addition to legumes, vegetables, nuts and 
small fish. Since the fasting rituals of the Greek Orthodox Church involve the peri-
odic restriction of dairy products, their impact on dietary calcium intake is as yet 
unclear. 
The aim of the present study was to add to the earlier literature examining the 
impact of the Greek Orthodox Christian Church’s dietary recommendations on the 
food intake and nutrient composition of diets of adherents to this Church’s fasting 
rituals, and to assess the adequacy of such a diet in calcium. To our knowledge, this 
is the first specific study evaluating the intake of this important mineral in the 
Mediterranean diet and, in particular, its intake during a dietary fasting period 
associated with a religious practice. Although calcium intake during fasting is ex-
pected to be relatively low due to the restriction of dairy products in the diet, we 
hypothesised that overall, dietary habits and nutrient and non-nutrient intakes 
would be more favourable during a fasting compared to a non-fasting period. 
 
METHODS 
 
Participants 
A total of eleven Greek Orthodox Christian monks from the area of Heraklion, Crete 
participated in the present study. These men were faithful fasters, who adhered to 
all the Orthodox Christian Church fasting recommendations [9]. To recruit such 
participants, two monasteries in the Municipality of Heraklion were contacted and 
all monks were orally informed about the study. Eligibility criteria included males 
aged 25-65 years and in good health, as determined by medical history and physical 
examination. Participants were ineligible if they had a history of cardiovascular, 
liver or renal disease; cancer; gastrointestinal disorders; diabetes; lactose malab-
sorption or intolerance. In addition, we did not include participants taking medica-
tion known to negatively influence calcium bioavailability (e.g. anticonvulsants, 
glucocorticoids), or smokers. During the study, participants were required to con-
sume their usual diets. The monasteries did not have a central feeding system and 
every participant was free to prepare and consume meals of their choice. Those 
who met the study criteria, were willing and agreed to participate signed an in-
formed consent form. Participation was voluntary and anonymity was ensured. The 
study was conducted from April 2005 to June 2005 and approval was obtained 
from the Medical School Ethics Committee of the University of Crete. 
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Study design 
Two sets of examinations were scheduled to cover one Greek Orthodox Church 
fasting week (Palm Sunday week) and one non-fasting week (week following Pen-
tecost Sunday). All measurements were performed on Mondays, one day following 
the end of each examination period, between 08.00 and 10.00 hours and included 
the collection of fasting blood and 24-hour urine samples (biochemical analysis), 
anthropometric and blood pressure measurements, dietary intake and collection of 
duplicate food portions for chemical analyses, and bone mineral density measure-
ments. This paper reports data from dietary, anthropometric and blood pressure 
measurements, as well as blood glucose and lipid analyses. Results not reported 
here will be reported in a forthcoming publication. 
 
Anthropometric measurements 
All anthropometric measurements were performed by the same researcher. Body 
weight was measured at both assessment weeks (fasting and non-fasting), with a 
portable digital scale (Seca, Hamburg, Germany, Model 770) with an accuracy of 
±100 g, with participants in light clothing and without shoes. Standing height was 
measured once with a stadiometer (Seca, Hamburg, Germany, Model 225) measur-
ing to the nearest 0.1 cm in participants without shoes, with shoulders relaxed, 
with arms hanging freely and with heels adducted. Body Mass Index (BMI) was 
calculated as weight (kg) divided by height squared (m2). 
 
Blood pressure measurements 
Arterial blood pressure measurements were performed during both assessment 
weeks, with a mercury sphygmomanometer (Focal FC-110, Tokyo, Japan), with 
participants resting for 10 minutes before measurements. The width of the cuff 
was placed at the highest possible part of the right arm, covering 50-75% of the 
area. The measurement was taken three times, with a 2-3 min interval between 
each reading. The mercury was allowed to fall 2 mm/s. Final readings of systolic 
and diastolic blood pressure were taken as the mean values of the second and third 
measurements. 
 
Blood samples 
Blood samples were drawn in the morning after a 12-hour overnight fast one day 
following the end of each examination period. Blood samples were drawn in EDTA 
sample tubes (K2E, BD Vacutainer 368861, Plymouth, UK) without stasis by ve-
nepuncture (antecubital fossa) and the serum was separated by centrifugation at 
1100 x g for 10 min at 4oC (HERMLE Z400K, rpm 4000, Wehingen, Germany) and 
frozen at -80oC until assayed. Serum total cholesterol, triglycerides and blood glu-
cose (CIBA Corning kits, Gilford Systems, Oberlin, OH) were determined on the day 
of collection. High-density-lipoprotein (HDL) cholesterol was determined after apol-
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ipoprotein B (apo B)-containing lipoproteins were precipitated by the dextran sul-
fate-manganese method [24]. Low-density-lipoprotein (LDL) cholesterol was esti-
mated using the Friedwald formula [25]. 
All clinical chemistry measurements were performed in a Gilford - 400 autoanalyzer 
(Corning Laboratory Sciences Co. Oberlin, OH). Besides the internal quality control, 
the laboratory of the Department of Social Medicine participates in the Wellcome 
Diagnostic Laboratory external quality-control program. The total serum choles-
terol concentrations of our laboratory were within the prescribed 2 SD of the mean 
Wellcome values during the period of the study. 
 
Dietary data 
All participants were provided with food scales and record forms, in order to record 
their food and liquid intake for seven consecutive days. Participants were required 
to weigh all foods and beverages consumed over the fasting and non-fasting weeks 
of measurements and to provide cooking methods and recipes for any composite 
meals. The food scales (Salter, Model 2006, Kent, England) had a maximum weight 
capacity of 1 kg and precision of ±1 g. Detailed written and oral instructions for 
completion of the 7-day weighed food records were provided and participants 
were encouraged to contact the researchers if they had any questions regarding 
this procedure. A date for commencement of diary completion was set and com-
pleted diaries were returned during a meeting with the researchers, following the 
last diary entry date. 
Dietary records were checked for completeness on-site to clarify any queries (e.g. 
unknown food items or food servings). To avoid coding errors, data were computer 
entered by the same researcher, using a comprehensive Greek national food com-
position database that is currently under construction and includes some chemi-
cally analyzed Greek-origin foods. In the case when a consumed food item was not 
included in the database, participants were either asked to provide specific recipes 
or food brand names, or values from an item of similar nutrient content were used. 
The food database Greek Diet, used to calculate dietary intakes, was initially cre-
ated in 1990 by the Preventive Medicine and Nutrition Clinic of the University of 
Crete and was upgraded in 1998 using the USDA Nutrient Database for Standard 
Reference (release 11, 1996, USDA Agricultural Research Service, Washington DC, 
USA). A description of the database has been published in detail elsewhere [11,26]. 
The food items and recipes were categorized into sixteen food groups: bread; cere-
als; potatoes; milk and yogurt; cheese; eggs; meat, poultry and meat products; fish 
and seafood; legumes (including peas); snails; fruits, nuts and seeds; vegetables; 
alcoholic drinks; fats and oils; sugar and sugar products; and pastries. Mean daily 
food (g/day), nutrient and micronutrient intakes were calculated from the food 
records. 
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Statistical analysis 
All analyses were performed using the Statistical Package for the Social Sciences 
(SPSS for Windows, release 11.5, 2002, SPSS, Chicago, Illinois) and significance was 
defined as P<.05 (two-sided). Mean (with standard deviations) energy, macro- and 
micronutrient, as well as food intakes were calculated from the 7-day weighed food 
records. Comparisons of anthropometric and blood pressure measurements, fast-
ing serum glucose and lipids, as well as dietary intakes during the two assessment 
weeks (fasting and non-fasting) were performed with the use of the Wilcoxon 
Signed Ranks Test and paired-samples t test for non-normal and normally distrib-
uted variables, respectively. 
 
RESULTS 
 
Of the eleven monks who agreed to take part in the study, one was not available 
during the examinations performed in the non-fasting week, resulting in complete 
data (from both fasting and non-fasting weeks) from 10 participants. Participants’ 
age ranged from 25 to 65 years, with a mean age of 37.5 years (SD 12.3) and they 
had been involved in fasting, according to the tradition, for an average of 24.4 (SD 
10.4) years prior to the study. 
 
Comparisons of anthropometric, blood pressure and biochemical measurements 
Table 1 depicts the anthropometric, blood pressure and biochemical analyses re-
sults. Body weight and BMI were slightly higher during the non-fasting, as opposed 
to the fasting week and slightly above ideal, although all monks were apparently 
healthy. 
 
Table 1. Anthropometric, blood pressure, fasting serum glucose and blood lipid measurements in Greek 
Orthodox Christian monks during a fasting and a non-fasting week 

 Fasting week 
(N = 10) 

Non-fasting week 
(N = 10) 

 

 Mean (SD) Mean (SD) P-value 
Body weight (kg) 89.3 (10.8) 90.9 (11.3) 0.059† 
Body Mass Index (kg/m2) 30.8 (4.3) 31.3 (4.6) 0.059† 
Systolic blood pressure (mm Hg) 124 (12.5) 116 (13.9) 0.012‡ 
Diastolic blood pressure (mm Hg) 78.1 (6.6) 77.3 (7.1) 0.654‡ 
Serum glucose (mg/dl) 91.1 (7.9) 94.2 (11.2) 0.253‡ 
Serum total cholesterol (mg/dl) 161 (29.6) 196 (43.1) 0.005† 
Serum LDL-cholesterol (mg/dl) 91.9 (27.0) 134 (38.4) 0.005† 
Serum HDL-cholesterol (mg/dl) 39.2 (8.1) 41.2 (9.2) 0.193‡ 
Total: HDL-cholesterol 4.3 (1.0) 4.9 (1.2) 0.005† 
Serum triglycerides (mg/dl) 149 (73.8) 99.1 (43.6) 0.017† 

* SD = standard deviation 
† Levels of significance were assessed with the use of the Wilcoxon Signed Ranks test 
‡ Levels of significance were assessed with the use of the Paired-Samples t test 
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Interestingly, systolic and diastolic blood pressure measurements were lower dur-
ing the non-fasting week, but only systolic blood pressure reached statistical sig-
nificance. In contrast, total and LDL-cholesterol levels were significantly increased 
at the end of the non-fasting week, probably reflecting the higher intake of animal 
foods (see Table 4), whereas the increase (albeit not significant) in HDL-cholesterol 
levels for the same week probably reflected the increased total cholesterol levels 
and perhaps the absence of olive oil during the fasting week in the diets of many of 
the participants studied. The ratio of total:HDL-cholesterol, a better predictor of 
coronary heart disease risk status than total cholesterol levels [27], was also signifi-
cantly lower during the fasting week, suggesting the potential contribution of the 
Greek Orthodox fasting rituals in favourable blood lipid profiles. 
 

Comparisons of nutrient intakes 
Comparisons of energy, macro- and micronutrient intakes for the two assessment 
weeks are presented in Table 2. Several favourable patterns emerged during the 
fasting week, when intakes of total and saturated fat, trans fatty acids and dietary 
cholesterol were lower compared with the non-fasting week, and intakes of dietary 
fibre and folate were higher. Despite meat and meat products being one of the 
most important sources of iron in the diet, intake of this mineral were significantly 
higher when participants fasted. This might have resulted from the participants’ 
increased intake of legumes, shellfish, snails and nuts, all good sources of iron in 
the diet, during the fasting week. In contrast, dietary intake of calcium was signifi-
cantly lower during the fasting, compared with the non-fasting week, most proba-
bly reflecting the absence of dairy products in participants’ diets during that period. 
Intake of protein was also significantly higher when participants followed their non-
fasting diets, possibly due to the non-prohibited consumption of animal protein-
rich foods (e.g. meat, dairy products) at non-fasting periods. 
Significant favourable differences were also observed when macronutrient intake 
was expressed as a percentage of daily energy intake (Table 3). Thus, participants 
had lower intakes of total and saturated fat, as well as trans fatty acids, lower in-
takes of protein and higher intakes of total carbohydrates when they fasted 
 

Comparisons of food consumption 
Table 4 presents the comparison of daily consumption of selected foods during the 
two assessment weeks. As expected, consumption of dairy products, eggs, as well 
as meat and meat products were significantly higher when participants did not fast. 
In contrast, the consumption of legumes and fish and seafood was significantly 
higher during the non-fasting week. An interesting finding is that although changes 
in total fruit and vegetable consumption did not reach statistical significance, daily 
intake of this food group was reduced by more than one serving (104 g) during the 
non-fasting week, which can be considered of clinical significance according to 
current recommendations regarding fruit and vegetable consumption [28-19]. 
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Table 2. Estimation of daily energy and nutrient intake in Greek Orthodox Christian monks during a 
fasting and a non-fasting week, based on 7-day weighed food records  

 Fasting week (N = 10) Non-fasting week 
(N = 10) 

 

Energy or nutrient Mean SD* Mean SD* P-value 
Energy (kcal) 2030 554 2240 464 0.286† 
Protein (g) 60.8 19 76.8 17 0.028‡ 
Total fat (g) 86.6 25.1 120 19.7 0.013‡ 
Saturated fatty acids (g) 13.9 4.16 33.5 7.86 0.005‡ 
Monounsaturated fatty acids (g) 50.4 16.5 57.2 10.6 0.200† 
Total cis monounsaturated fatty acids (g) 43.9 17.6 55.7 10.7 0.059‡ 
Polyunsaturated fatty acids (g) 14.2 6.21 13.8 5.31 0.878‡ 
Total cis polyunsaturated fatty acids (g) 11 5.62 12.7 5.09 0.386‡ 
Total cis unsaturated fatty acids (g) 54.2 20.7 68.4 14.2 0.139‡ 
Trans fatty acids (g) 0.361 0.454 1.55 0.544 0.005‡ 
ω-6 fatty acids (g) 9.59 5.81 12.3 4.74 0.241‡ 
ω-3 fatty acids (g) 0.752 0.336 0.901 0.393 0.283‡ 
C12:0+C14:0+C16:0 (g) 8.53 3.07 22.2 5.47 <0.001† 
Total carbohydrates (g) 252 97 208 82.7 0.169‡ 
Total sugars (g) 53.9 17.7 59.9 32 0.421† 
Dietary fibre (g) 27.7 8.08 13.8 2.83 <0.001† 
Alcohol (g) 6.33 11.2 6.12 7.59 0.407‡ 
Cholesterol (mg) 135 65.1 310 80.4 0.005‡ 
Phytosterols (mg) 154 62.3 152 38.1 0.916† 
Calcium (mg) 429 96.4 702 350 0.022‡ 
Iron (mg) 17.7 6.35 11.8 2.48 0.008† 
Potassium (mg) 3120 744 2890 692 0.285‡ 
Sodium (mg) 1640 729 1790 709 0.646‡ 
Magnesium (mg) 366 152 237 53.6 0.009‡ 
Phosphorus (mg) 1080 442 1130 292 0.721‡ 
Zinc (mg) 7.58 3.47 8.59 2.17 0.386‡ 
Folate (mg) 326 122 160 30.3 0.005‡ 
Vitamin A (IU) 7270 5500 5500 4910 0.508‡ 
Vitamin A (RE) 769 561 755 456 0.721‡ 
Vitamin E (mg) 11.3 4.16 9.36 2.19 0.160† 
Vitamin C (mg) 113 39.2 103 40.1 0.285‡ 
Thiamin (mg) 1.49 0.631 2.08 1.61 0.386‡ 
Riboflavin (mg) 1.08 0.426 2.33 1.42 0.022‡ 
Niacin (mg) 17.3 5.98 19 6.21 0.508‡ 
Pantothenic acid (mg) 3.04 0.853 4.19 0.991 0.028‡ 
Vitamin B-6 (mg) 1.45 0.417 1.84 0.512 0.074‡ 
Vitamin B-12 (μg) 3.66 2.13 4.42 3.11 0.721‡ 
* SD = standard deviation 
† Levels of significance were assessed with the use of the Paired-Samples t test 
‡ Levels of significance were assessed with the use of the Wilcoxon Signed Ranks test 
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Table 3. Estimation of daily macronutrient intake expressed as percentage of daily energy intake during 
a fasting and a non-fasting week, based on 7-day weighed food records  

* SD = standard deviation 
† Levels of significance were assessed with the use of the Wilcoxon Signed Ranks test 
 
 
Table 4. Estimation of daily intake of selected foods (g/d) during a fasting and a non-fasting week, based 
on 7-day weighed food records  

 Fasting week (N = 10) Non-fasting week (N = 10)  
Food group Mean SD* Mean SD* P-value 
Bread 140 108 79.1 67.7 0.074† 
Cereals 127 76.1 113 61 0.445† 
Potatoes 66.8 54.3 102 45.5 0.169† 
Milk and yoghurt 0.00 0.00 39.5 77.3 0.027† 
Cheese 0.00 0.00 52.7 29.8 0.008† 
Eggs 0.00 0.00 25.5 17.7 0.012† 
Meat  0.00 0.00 146 70.4 0.008† 
Fish and seafood 87.1 35.6 25 31.6 0.009† 
Legumes 63.5 34.5 13.3 12.2 0.005† 
Snails 23.8 40.4 5.86 18.5 0.123† 
Fruits and nuts 144 83.0 114 95.5 0.446‡ 
Vegetables 237 101 163 75.9 0.074† 
Alcoholic drinks 54.0 83.5 62.4 72.5 0.314† 
Fats and oils 62.4 28.7 64.9 12.3 0.746‡ 
Sugar/ sugar products 14.8 6.75 16.4 14.9 0.799† 
Pastries 63.3 66.9 74.1 65.4 0.646† 
* SD = standard deviation 
† Levels of significance were assessed with the use of the Wilcoxon Signed Ranks test 
‡ Levels of significance were assessed with the use of the Paired-Samples t test 
 
 

 Fasting week 
(N = 10) 

Non-fasting week 
(N = 10) 

 

Macronutrient Mean SD* Mean SD* P-value† 
Protein 12.9 2.4 14.8 0.80 0.030 
Total fat 38.9 8.1 48.9 8.1 0.009 
Saturated fatty acids 6.2 0.80 13.4 1.3 0.005 
Monounsaturated fatty acids 23.1 7.1 23.9 6.6 0.610 
Polyunsaturated fatty acids 6.1 1.1 5.6 1.9 0.074 
Trans fatty acids 0.10 0.20 0.60 0.20 0.005 
ω-6 fatty acids 4.0 1.3 4.9 1.8 0.284 
ω-3 fatty acids 0.40 0.20 0.40 0.20 0.754 
Total carbohydrates 48.7 8.5 36.1 9.2 0.005 
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DISCUSSION 
 
Overall, the findings of the present study indicate a more favourable dietary profile 
during a fasting week for monks who are devout Greek Orthodox adherents, when 
a periodic vegetarian-type of diet is followed as compared to these monks’ normal 
diets. In addition, this healthy eating pattern was reflected in favourable blood lipid 
levels, suggesting the potential benefits of the Greek Orthodox Church fasting ritu-
als regarding chronic disease prevention. 
 
This study contributes to obtaining an overall picture of the fasting diet recom-
mended by the Greek Orthodox Church and the food habits that may be responsi-
ble for providing nutritional benefits. Our results agree with an earlier study inves-
tigating the eating habits of people living in monasteries and free-living individuals 
who perform fasts, in comparison with matched controls who never perform fasts 

[9]. Fasters were generally reported to have lower intakes of dietary cholesterol, 
total and saturated fat, protein and calcium and higher intakes of dietary fibre, 
folate, iron and carbohydrates, during fasting, as compared to non-fasting periods. 
In this earlier study, fish/seafood consumption also appeared to be higher whereas, 
in contrast to the present study, legume intake was lower when participants fasted. 
Meat consumption during non-fasting periods was similar to the intake reported 
during the non-fasting week in the present study [9]. A model of the Greek Ortho-
dox fasting rituals was also established in another study, which assessed the nutri-
ent composition of this eating pattern by chemically analyzing the weekly food and 
nutrient intake of a strict adherent to the Church’s recommendations [11]. Similar 
to our findings, this study demonstrated higher intakes of dietary fibre and antioxi-
dant vitamins and lower intakes of saturated fat and dietary cholesterol compared 
to adults and adolescents of the same region. 
 
Τhis is, to our knowledge, the first study to specifically evaluate the intake of cal-
cium in the Mediterranean diet and, in particular, its intake during a dietary fasting 
period associated with a religious practice. Our expectation that calcium intakes 
would be lower during the fasting, compared to the non-fasting, week, was con-
firmed. This is in accordance with earlier literature and most probably reflects the 
restriction of dairy products during Greek Orthodox fasting periods [9,11]. A finding 
of concern is that mean calcium intake was low during both assessment weeks. 
Although there are wide variations in the estimates of daily calcium requirements 
and recommended levels made by different expert authorities, depending, among 
other factors, on age, food patterns and physical activity levels, this agrees with 
evidence that calcium intakes are below the recommended levels for many popula-
tion groups [16,17,20]. In the past, calculation of calcium intake has been reported 
to be underestimated due to under-reporting of food intakes. In addition, dietary 
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supplements, drinking water and calcium-fortified foods might well contribute to 
total calcium intake [17]. However, under-reporting of food intake, which might 
have led to low reported calcium intakes, is unlikely to have occurred in the present 
study, due to the dietary assessment method used (weighed food record). Fur-
thermore, participants in the present study did not take dietary supplements and 
did not report consuming any fortified foods, so the contribution of these two fac-
tors in their calcium intake is probably zero. Nevertheless, short-term dietary cal-
cium insufficiencies have not been reported to be detrimental to health [30]. In 
addition, calcium bioavailability is an important factor that should always be stud-
ied along with calcium content of foods [20]. 
 
The study by Sarri et al. reported that habitual fasters displayed decreased blood 
lipid levels and body weight during fasting periods compared to non-fasting peri-
ods, in conjunction with our results [8]. In the present study, body weight and BMI 
did not reach statistical significance, however, probably due to the small sample 
size. Decreased HDL-cholesterol levels have previously been associated with low-
fat and vegetarian diets [31], which might explain the lower levels of this lipid 
marker during the fasting week in this population. In addition, systolic blood pres-
sure appeared significantly higher at the end of the fasting week. This increased 
level of systolic blood pressure was observed despite the restriction of animal 
foods and the estimated lower mean intake of sodium and higher mean intake of 
potassium during the fasting period (Tables 4 and 2). Perhaps this was a result of 
lower calcium intakes during that week, since dietary calcium has been beneficially 
implicated in the regulation of blood pressure [15]. Another possible explanation 
could be that for the taste of meals to be improved during the fasting week, salt 
added to foods during cooking or at the table increased. Added salt intake was not, 
however, assessed in this study. Diastolic blood pressure was not changed between 
the two assessment weeks, which agree with the earlier study reporting results on 
these measurements [8]. 
 
A further indication of the healthy dietary habits associated with the Greek Ortho-
dox Church’s fasting rituals is the increased mean daily fruit and vegetable intake 
observed during the fasting week. We contend that seasonal variation would not 
affect the intake of this food group, since recording of dietary data took place dur-
ing spring and summer months, when seasonal, fresh fruits and vegetables are 
abundant in Greece. It seems more probable that the allowed consumption of 
animal products during the non-fasting week led to the substitution of some of the, 
usually consumed during fasting, fruits and vegetables with animal-origin foods. 
The lack of statistical significance concerning the intake of fruits and vegetables in 
the two assessment weeks, in contrast to the study by Sarri et al., might have been 
the result of the small sample size [9]. 
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The healthier lifestyle of strict Orthodox Christian fasters has also been reported by 
Sarri et al. and was confirmed in the present study, where none of the participants 
smoked and their alcohol intake averaged approximately one serving of alcoholic 
drinks per day. In addition, fasting is proposed to ‘allow the body to rest and recu-
perate’, since energy intake and the consumption of energy-dense foods is de-
creased during fasting periods [7,9]. Although it did not reach statistical signifi-
cance, mean daily energy intake in the present study was lower by almost 200 kcal 
during the fasting, compared to the non-fasting week. This healthier lifestyle might 
add to the favourable lipid profile of this population. 
 
Although the results from this study are adding to earlier research on Greek Ortho-
dox Church fasting recommendations, our findings cannot be generalized to all 
Orthodox Christians, since the sample size was small, mainly due to the limited 
number of monks living in Crete and the increased number of measurements in-
volved. In addition, some selection bias might have occurred since participants 
volunteered to take part in the study. Self-selection of participants, however, has 
been shown to result in the provision of more accurate responses in food con-
sumption surveys compared with non-volunteers [32]. Nevertheless, these findings 
give a good indication of the health benefits of the fasting rituals of the traditional 
Mediterranean diet of Crete, as indicated by the favourable blood lipid profile of 
this population and the generally healthier eating habits during fasting. A study we 
are currently undertaking, involving a bigger sample of nuns and a sex- and age-
matched control group of free-living individuals will ideally shed more light into the 
potential benefits of Greek Orthodox Christian fasting recommendations. In recent 
years, a number of researchers have used the traditional Mediterranean diet of 
Crete recommendations as the nutritional basis of secondary [33,34] and primary 
[35] nutrition interventions and shown that this eating pattern can be successfully 
adopted by patients who are motivated to change their diet, as well as healthy 
volunteers. Apart from good dietary acceptability, these earlier studies have re-
ported favourable effects on several biomarkers associated with health. The pre-
sent study confirms that this traditional eating pattern, which incorporates a kind 
of periodic vegetarianism, as recommended by the Greek Orthodox Church fasting 
rituals, could offer cardio-protective benefits, as reflected in the favourable blood 
lipid profiles observed in this sample of habitual fasters. Although long-term effects 
of these fasting recommendations are yet to be investigated by a cohort study and 
such a diet should be carefully planned and balanced to avoid the insufficient in-
take of micronutrients such as calcium, its potential importance should be empha-
sised in nutrition education programmes promoting this Mediterranean eating 
pattern. 
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ABSTRACT 
 
Active and passive smoking constitute a significant threat to global health and a 
major cause of disease and death. A potent mixture of chemicals, carcinogens and 
toxins, its chemical consistency is a major source of oxidative stress and a cause of 
lipid peroxidation, vascular and airway inflammation and carcinogenesis, which are 
only a few of the plethora of biological processes attributable to its exposure. On 
the other hand the Mediterranean diet has been shown in both epidemiological 
and laboratory studies to have a protective effect against biochemical and molecu-
lar processes that lead to cancer, cardiovascular disease and a change in overall 
mortality. Based on the consumption of olive oil, wild greens, fruits, whole wheat 
bread and legumes and supplemented with a rare to moderate consumption of red 
meat, fish and dairy products the Mediterranean diet fortifies those who adhere to 
it with a high daily intake of vitamins, fibre and antioxidants, which could at as an 
effect modifier of the roles smoking has on ones health. Amongst such outcomes, 
epidemiological studies have indicated that lung cancer mortality is positively asso-
ciated with the average dietary intake of saturated fat and reversely associated 
with certain antioxidants, indicating such a possible interaction between dietary 
intakes and a significant outcome of active and passive smoking. 
Based on the existing scientific evidence, we investigated into the means through 
which adherence to the Mediterranean diet could modify the outcome of certain 
diseases attributable to active and passive smoking, with a focus on cardiovascular 
disease, cancer, chronic obstructive pulmonary disease and asthma. 
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INTRODUCTION 

1.a Detrimental effects of active and passive smoking 
Smoking is one of the largest causes of preventable death and anticipated to kill 1 
billion people prematurely this century [1], while second hand smoke is another 
serious threat to public health, subsequent to tobacco use, and is a potent mixture 
of carcinogens, volatile toxins and chemicals [2-3]. It has been estimated that at 
least 1 billion adults are smokers worldwide and that at least 700 million children 
breathe air polluted by tobacco smoke at home [4]. Exposure to secondhand smoke 
(SHS) is related to the ever increasing frequency of diseases both among children 
and adults, such as respiratory illness, asthma, otitis media, sudden infant death 
syndrome and vascular dysfunction, and predisposition towards cardiovascular 
disease and cancer [5-8]. Moreover, although cardiovascular and chronic lung dis-
ease are generally the result of long-term processes, recent evidence shows that 
even brief SHS exposures appear to initiate mechanisms that contribute to their 
development [9-10]. 
Cigarette smoke contains free radicals and other oxidants in abundance. It has 
been estimated that each puff of a cigarette exposes the smoker to 1015 oxidative 
free radicals, a severe source of oxidative stress [11]. Additionally, reactive oxygen 
species production is further mediated through inflammatory processes induced by 
the toxins inhaled and absorbed during active and passive smoking [12]. The first 
line of response is that of antioxidant enzymes such as superoxide dismutase, cata-
lase and glutathione peroxidase, which take an advantage of the circulating levels 
of dietary antioxidants, a second line of defence against oxidative stress. These 
antioxidants are digested and enter the circulation, acting as a buffer against oxida-
tive stress, and therefore could have a protective effect against antioxidant deple-
tion. 
 
An important public health related issue is whether or not the marked changes in 
the subjects health are solely due to the harmful effects of cigarette smoke or to a 
combined effect of both the oxidative properties of cigarette smoke and the habit-
ual dietary profile of smokers, which is in general lower in fruit and vegetable in-
take and higher in alcohol and meat product consumption in comparison to that of 
non-smokers [13-15]. Moreover, it is likely that the cumulative effect of both the 
elevated oxidative stress and lower dietary intake of antioxidants is partially re-
sponsible for the negative impact of smoking on human health. 

1.b The Mediterranean diet and the smoking paradox 
The Mediterranean diet became world renowned in the early 1960’s through the 
Seven Countries Study (SCS), an epidemiological study with 16 cohorts in 7 coun-
tries (Greece, Finland, Japan, former Yugoslavia, Italy, Holland and the United 
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States), which aimed to investigate into the dietary and lifestyle factors related to 
the development of cardiovascular disease [16]. As corroborated during the subse-
quent 10, 25 and 40 year follow up of the SCS, the rural population of Crete was 
found to have one of the lowest coronary heart disease (CHD) and cancer mortality 
rates in comparison to all other cohorts [17-18], a result attributed to their dietary 
and lifestyle habits. The traditional diet of Crete, which is what the typical “Medi-
terranean diet” usually refers to, is based on the high intake of vitamins, fibre and 
antioxidants, through the consumption of olive oil, wild greens, fruits, whole wheat 
bread and legumes, walnuts, almonds and snails, supplemented with a rare to 
moderate consumption of red meat, fish and dairy products [19]. In addition to the 
above, monounsaturated fat (through the extensive consumption of olive oil) ac-
counted for 29% of the daily calorie intake, while saturated fat intake was limited 
to 8% of total energy intake [20]. 
Furthermore, after following up the 12,763 men of the SCS for 25 years, lung can-
cer mortality was found to be higher in Northern European and Northern American 
cohorts in comparison with the Southern European and Japanese cohorts [21], 
while absolute lung cancer mortality was positively associated with average dietary 
intake of saturated fat, which was lowest in both the Mediterranean and the Japa-
nese diet, both known for their high antioxidant and low saturated fat profile [22-
23]. Specifically, these researchers had hypothesised that saturated fat, may play a 
role in the cross-cultural variation in lung-cancer mortality, either independently or 
by effect modification, despite the fact that smoking habits were similar across 
countries and regions. 

1.c Aims and scope 
Currently, one of the emerging issues in environmental toxicology is the evidence 
which suggest that antioxidant micronutrients and related bioactive compounds 
common in fruit and vegetables, may ameliorate the toxicity of environmental 
chemicals and impact disease development, [24] and it has been hypothesised that 
adherence to the Mediterranean diet might function is such a way [23]. 
Taking the above scientific facts and epidemiological findings into account, we 
aimed at investigating into the existing evidence that could indicate whether ad-
herence to the Mediterranean diet may have a role as an effect modifier, of active 
and passive smoking, on human health.  

2. Active/passive smoking, cardiovascular disease and the Mediterranean diet. 

2.a Active and passive smoking and the risk of cardiovascular disease 
Active cigarette smoking and exposure to SHS are strongly associated with vascular 
dysfunction and atherosclerosis and impact all phases of atherosclerosis from en-
dothelial dysfunction to acute clinical events [25-26]. Cigarette smoke can promote 
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atherosclerosis, in part, by its effects on the lipid profile of the active and passive 
smoker. Smoking decreases plasma high lipoprotein levels (HDL) and alters the 
ratios between HDL and low density lipoproteins (LDL), HDL and triglycerides (TG) 
and HDL and total cholesterol levels, both in animal models and humans [25,27]. It 
is interesting to note that lipid peroxidation among young smokers is noted, even 
after controlling for dietary intake, as an reliable indicator of the level of smoking. 
Cigarette smoking also increases the oxidative modification of LDL with circulating 
products of lipid peroxidation and levels of oxidized LDL found to be significantly 
increased in both active and passive smokers [27-29]. This oxidised LDL may enter 
into the arterial endothelial wall, leading to attract macrophages, lymphocytes and 
subsequently paracrinine factors that cause platelet accumulation and initiation of 
foam cells. This is the first step in developing an atherosclerotic plaque [30]. Addi-
tionally, it has been hypothesised that cigarette smoke alters catecholamine re-
lease and thus fatty acid release, which in turn increases LDL and very low density 
lipid concentrations (VLDL), and also contributes to lowering circulating HDL levels 
[31]. 

2.b Interaction between adherence to the Mediterranean diet and the 
cardiovascular factors influenced by active and passive smoking 

In contrast to the above it has been shown in randomized controlled trials that 
adherence to the Mediterranean diet had a beneficial effect on circulating oxidised 
LDL levels, a factor that could possibly counter balance the increase in oxidised LDL 
molecules induced by exposure to tobacco smoke [32]. Epidemiological and clinical 
evidence has convincingly shown that dietary habits are the central mediator of 
circulating lipids [33-34]. The differences in dietary fat intake are clearly apparent 
when comparing the Mediterranean diet, with a more westernised diet. Although 
the fat percentage is similar in quantity in both, it differs dramatically in quality as 
the Mediterranean diet is rich in monounsaturated fatty acids, such as oleic acid, 
but very low in saturated fat. Such diet has the ability to reduce the levels of circu-
lating LDL and VLDL lipids, while increasing the beneficial HDL lipids [35]. Indeed 
follow up studies, such as the Lyon Secondary Prevention Heart Study on patients 
with cardiovascular disease, indicated that adherence to a Mediterranean style diet 
was more beneficial as prevention measure compare to the American Heart Asso-
ciation’s recommended diet and other pharmaceutical or surgical interventions 
[34-35]. Additionally, olive oil is high in monounsaturated fatty acids and as proven 
in numerous studies [19-20, 38] plays an important role in the Mediterranean diets 
and significantly contributes to an increase in the circulating levels of HDL. 
It has been stated that another important role in the traditional Mediterranean diet 
of Crete is played by its ideal omega-6 /omega-3 fatty acid ratio of 2-1:1. [39], in 
opposition to that of western cultures which have an ω-6 / ω-3 ratio of approxi-
mately 15 for northern Europe and 17 for the current U.S [40]. These dietary ω-3 
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fatty acids are associated with a lower prevalence of hypertension and lower sys-
tolic blood pressure, hyperlipidemia and inflammation [41-42] These beneficial 
effects may be mediated through several distinct mechanisms, including alterations 
in cell membrane composition and function, gene expression, or eicosanoid pro-
duction and studies reveal that they play a role in nerve conduction velocity due to 
the incorporation of ω-6 fatty acids in membrane phospholipids [42]. On the con-
trary, smoking and SHS exposure has a significant impact on the levels and interac-
tion between ω3 and ω6 polyunsaturated fatty acids and can alter their metabo-
lism [43]. As the dietary intake of alpha-linolenic acid (an omega -3 fatty acid) is 
inversely related to plasma concentrations of inflammation markers (reflecting 
lower levels of inflammation and endothelial activation) it is possible to partially 
explain the role of this fatty acid in preventing cardiovascular disease due to smok-
ing [44]. Moreover, the Mediterranean diet of Crete is abundant in wild greens, 
which are a rich source of both essential ω3 fatty acids and antioxidants [45-46] 
and eaten in abundance, especially during the days of fasting. This periodical vege-
tarian diet observed during the approximately 180 days of fasting of the Greek 
Orthodox Church leads to an even more favourable lipid profile as fasters are gen-
erally reported to have lower intakes of dietary cholesterol, total and saturated fat, 
protein and calcium and higher intakes of dietary fibre, folate, iron and carbohy-
drates, during fasting, as compared to non-fasting periods [47]. This high fruit and 
vegetable intake also leads to an increase in vitamin and antioxidant intake with 
additional protective properties. Human health benefits from these high levels of 
antioxidant vitamins such as vitamin C, beta-Carotene as well as lutein that inhibit 
the oxidative process of LDL cholesterol into its atherogenic forms and therefore 
preserve endothelial function and prevent the development of atherosclerosis and 
coronary heart disease [48-50]. 

3. Active/passive smoking, the Mediterranean diet and cancer 

3a Active and passive smoking and the risk of cancer 
The causal relationship between exposure to active and passive smoking and can-
cer is well acknowledged [3]. It is also common knowledge that there is no lower 
threshold for tobacco carcinogenesis between the two types of smoking, either 
regarding lung cancer or tumors in other tissues that are indirectly exposed. Car-
cinogens absorbed in the lung are distributed throughout the body and have been 
proven to create or aggravate tumor genesis [51-52]. Such tobacco specific car-
cinogens and their urinary metabolites, such as 4- (methylnitrosamino)-1-(3-
pyridyl)-1-butanone, (NNAL) has been found to be consistently elevated in both 
active and passive smokers and also indicate to the causal link between exposure 
and lung cancer [3]. In addition to the toxins and carcinogens incorporated in to-
bacco smoke, the gas phase as previously mentioned, exposes the smoker to more 
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than 1015 free radicals per puff [11]. These oxidative free radicals, (such as superox-
ide, hydroxide radical, nitric oxide and reactive oxygen) lead to oxidative injury on 
membrane lipids and proteins and DNA via various molecular pathways, leading to 
increased DNA damage and oxidative stress [7-8]. These higher levels of both ex-
ogenous and intracellular produced free radicals can mediate signal transduction, 
trigger inflammation, and cellular apoptosis and necrosis [53].  

3.b The interaction between adherence to the Mediterranean diet and the 
carcinotoxicity of active and passive smoking 

A plethora of research and reviews exist on the role of the Mediterranean diet 
against cancer and its effect on overall mortality. One of the most recent such 
meta-analyses is that of Sofi et al, 2008 who investigated a total of 12 cohorts and 
approximately 1,5 million subjects [54]. According to their results, adherence to the 
Mediterranean diet was associated with a significant reduction in overall mortality 
and the incidence of mortality from cancer. Similar findings have been reported 
earlier by De Lorgeril et al, based on a randomised control trial [55]. 
Both toxicological and epidemiological evidence supports the fact that dietary in-
take of fatty acids may alter the prevalence of cancer among populations that ad-
here to the Mediterranean diet [18, 39, 56]. Dietary ω-6 fatty acids also have been 
shown to possess effective tumoricidal properties, when taken according to their 
recommended daily intake, against prostate and breast cancers [57, 58] as well as 
pancreas tumors [59]. Additionally, essential ω-3 fatty acids have been found in 
mice to slow the growth of various types of cancers, including lung, colon, mam-
mary, and prostate [60]. Epidemiological data has indicated that a Mediterranean 
style diet has been found to have a protective effect against the development of 
colorectal adenomas with the strongest protective effect found among current 
smokers [61]. Red meat and processed meat intake, which is also significantly re-
duced in populations that adhere to the Mediterranean diet, has also been found 
to be independently associated with an increased risk of lung cancer, and strongly 
correlated with the development of adenocarcinomas and squamous cell carcino-
mas both among smokers and non smokers [62]. On the contrary, a different inter-
action between smokers and non smokers has been noticed in regards to the role 
of certain flavonoid compounds, such as epicatechin, catechin, quercetin, and 
kaempferol, which have been found to be associated inversely with lung cancer 
among tobacco smokers, but not among non-smokers, a fact that could indicate 
their possibly protective role against tobacco smoke [63]. 
As with the cardiovascular protective effects of the Mediterranean diet, its protec-
tive role against cancer can be also attributed to its high content in olive oil, possi-
bly the most characteristic descriptor of the Mediterranean diet [19, 35, 38-39]. 
Oleic acid, the central monounsaturated fatty acid found in olive oil has been hy-
pothesised to regulate key cancer related oncogenes by repressing their transla-
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tion. Specifically oleic acid has been found to suppress a well characterised onco-
gene (neu or erb-2) that plays a key role in the aetiology, progression and chemo-
sensitivity of various types of human cancer including breast, ovarian and stomach 
carcinomas [64-65]. The above anti-tumor properties proposed have been related 
not only to its content in oleic acid, but also to its protective effect from oxidative 
DNA damage due to its richness in antioxidant components which are scavengers of 
reactive species [66-68]. While olive oil is a rich source of oleic acid and polypheno-
lic compounds, it is the fruit content of the Mediterranean diet which provides it 
with its high daily intake of alpha-carotene, beta-carotene, and beta-cryptoxanthin 
[69]. Epidemiological studies have indicated a statistically significant inverse rela-
tionship between these antioxidant carotenoids and lung cancer even after adjust-
ing for smoking, indicating the role of fruit and vegetable intake of the Mediterra-
nean diet could have on the incidence of lung cancer among populations that ad-
here to it [70-71]. Consistent with inhibition of the lung cancer cell growth, beta-
cryptoxanthin (found in abundance in citrus fruits) has been found to inhibit the 
growth of A549 cells, a non-small-cell lung cancer cell line in a dose-dependent 
manner and induce the mRNA levels of retinoic acid receptor beta (RARbeta) in 
BEAS-2B cells which suggest an anti-proliferative mechanism [72]. This elevated 
dietary intake of fruits, vegetables and wild edible greens, also provides higher 
amounts of carotenoid, L-ascorbic acid, phylloquinone, gamma-tocopherol, alpha-
tocopherol and total polyphenols [39, 46]. Alpha-tocopherol and gamma-
tocopherol are two of the major chemical forms of vitamin E. Like other antioxi-
dants, vitamin E can scavenge free radicals and may, as a result, prevent oxidative 
tissue damage by trapping organic free radicals. By including large quantities of 
fresh greens into their diet populations that adhere to the Mediterranean diet 
guarantee a substantial daily intake of these valuable antioxidants, many of which 
have been shown above to be associated with a lower risk of cancer [46].  

4. Active/passive smoking, the Mediterranean diet and respiratory disease 

Asthma 
Oxidative stress has been widely recognized as an important component of airway 
inflammation in asthma. Exposed to the oxidative particles of tobacco smoke 
and/or other oxidative-toxic components, a large amount of reactive oxygen spe-
cies can be created which in turn deplete glutathione buffers and lead to a de-
stabilized situation in epithelial cells. Glutathione is an abundant airway antioxidant 
which reduces organic hydroperoxides and protects the airway from lipid peroxida-
tion [73-74]. Such an oxidative substance is peroxynitrate, which has been shown 
to cause oxidative stress in epithelial cells and which has been indicated to play a 
role in the molecular and cellular response to air pollution [75]. Indeed children 
with severe asthma have increased biomarkers of antioxidant stress in the epithe-
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lial lining fluid of their airways, which are associated with a shift in the glutathione 
redox potential towards the more oxidized state. Interventions to increase epithe-
lial lining fluid glutathione concentrations have been suggested as a therapeutic 
intervention [76]. 
The Mediterranean diet is characterised by a large intake in fresh fruit, vegetables, 
wild greens and olive oil, in which antioxidants, such as glutathione, can be found in 
substantial quantities and could indicate a protective effect [39, 46]. It is this exact 
dynamic equilibrium between oxidative and anti-oxidative substances that is where 
the interaction between antioxidant depletion and supplementation and the nutri-
tional/environmental exposure interaction takes place [77-78]. Despite the above 
scientific indications, there is limited evidence of the effect separate antioxidant 
supplementation on glutathione levels and the outcome of asthma, when providing 
additional selenium, magnesium and vitamin C in the context of randomised con-
trol trials [77]. It is possible that the separate antioxidants have a less significant 
role on their own then when they are provided within the context of the Mediter-
ranean diet, most possibly due to the synergistic interactions with other dietary 
compounds such as lipids. Indeed, the optimal balance between dietary ALA and 
linoleic acid, such as the one in the traditional diet of Crete has recently shown to 
reduce the risk for asthma [79]. Adherence to the Mediterranean diet, but not 
antioxidant supplementation, has a protective effect against asthma and other 
illnesses that have been strongly correlated to active and passive smoking [5, 80]. 
Epidemiological evidence has indicated that children who adhere to the Mediterra-
nean diet are less likely to develop asthma, wheezing and sneezing and allergies 
[81-82]. In addition to modifying children’s reactions to SHS, high adherence to 
traditional Mediterranean diet also has been found to increase the likelihood of 
asthma to be under control in adults, indicating an additional public health implica-
tion of adherence to a Mediterranean style diet [83]. 

Chronic Obstructive Pulmonary Disease 
Chronic Obstructive Pulmonary Disease (COPD) is associated with a high incidence 
of morbidity and mortality, and both active and passive smoking can cause COPD 
exacerbation and progression [84]. As with asthma, COPD also can be influenced 
through an imbalance in antioxidants especially among smokers, whose circulating 
neutrophils (in both the blood and the alveoli) produce more oxidative molecules 
and lead to bronchial hyper-responsiveness, suggesting a pathogenetic pathway 
between oxidative stress and airway abnormalities in COPD [85-88]. Numerous 
studies have investigated the relationship between antioxidants, pulmonary func-
tion and COPD disease [88]. Data from the NHANES III, indicated that serum anti-
oxidants vitamin C, vitamin E, selenium and beta carotene are associated with lung 
function, while the Dutch MORGEN study revealed that a higher intake of vitamin C 
and beta carotene was also correlated with a higher FEV1, a significant prognostic 
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indicator of COPD [89-90]. Epidemiological studies, such as the one by Walda et al., 
have also confirmed the relationship between dietary intakes and 20-year chronic 
obstructive pulmonary disease mortality in middle aged men [91]. In this prospec-
tive cohort study of 2917 men, the authors observed an inverse trend of 20 year 
COPD mortality with an increase in dietary intake of fruit and vitamin E, an intake 
of which would be substantial in populations that adhere to the Mediterranean 
diet. Moreover, it has been hypothesised that it is the antioxidant and anti-
inflammatory properties of the dietary polyphenols, and flavonoids that might 
explain these above beneficiary effects of adherence to such a diet [92-94].  

5. Conclusions and public health implications 
 
While the evidence on the role of antioxidants and dietary intakes on cancer, car-
diovascular, respiratory and other chronic diseases is extensive, our knowledge of 
the role of antioxidant or micronutrient supplementation on these outcomes is 
incomplete and contradictive as the evidence is insufficient to conclude that micro-
nutrient supplementation has a definite protective effect [95-99]. To date, the 
existing scientific literature has indicated that the dietary intake of beneficial anti-
oxidants, lipids and other micronutrients, through adherence to the Mediterranean 
diet, can have a protective effect on cancer, cardiovascular and respiratory diseases 
and it is possible that this diet can act as an positive effect modifier of the role 
active and passive smoking on health. 
Although the best ways to avoid the negative health ramifications of active and 
passive smoking are to stop smoking, avoid exposure to SHS and promote cessation 
and the adoption of smoke free environments, adherence to the Mediterranean 
diet could provide an additional supportive effect to the above and thus have sig-
nificant implications on clinical outcomes and public health. 
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ABSTRACT 
 
Objective: Cigarette smoke itself is an abundant source of free radicals and a major 
cause of oxidative stress, to which plasma antioxidants function as a vital protective 
and counterbalancing mechanism. The objective of this study was to investigate 
into the relationship between smoking status and serum and dietary micronutrient 
concentrations. 
Design: Cross-sectional study 
Subjects - Setting: 502 farmers from the Valley of Messara in Crete were randomly 
selected and examined. Complete three-day and 24-hr recall questionnaires were 
collected along with anthropometrical, physical activity and clinical data from all 
participating subjects. 
Results: After adjusting for age, gender and number of fasting days adhered to per 
year, current smokers were found to have a lower dietary intake of vitamin C 
(112.1mg vs. 136.4mg, p=0.03), fibre (16.6g vs. 19.1g, p=0.006) and fruits and vege-
tables (339g vs. 412g, p=0.014), while dietary vitamin B1 intake was found to be 
higher (1.7mg vs. 1.4 mg, p=0.02) in comparison to non/ex smokers. Dietary intake 
of meat, folate and vitamins A, E, B2, B6 and B12 did not differ between the groups. 
Controlling age, gender, fasting days and dietary micronutrient intake, serum folate 
levels were found to be lower among smokers (geometric mean 15.3 nmol/L vs. 
17.7 nmol/L, p=0.023), while serum iron and vitamin B12 levels were not affected by 
smoking status. 
Conclusions: Current smoking status affects dietary nutrient intake as well as 
plasma folate levels. The above coherence between antioxidant depletion and 
reduced antioxidant intake may predispose smokers to the premature develop-
ment of tobacco related mortality and morbidity. 
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INTRODUCTION 
 
Tobacco consumption is one of the worlds leading causes of preventable death. It 
had been estimated that in the year 2000 almost 5 million premature deaths glob-
ally were attributed to smoking, with cardiovascular disease, chronic obstructive 
pulmonary disease and lung cancer the leading causes of mortality and disability 
[1]. Both active and passive smoking have been related to the development of 
cancer and cardiovascular disease with tobacco’s plethora of carcinogenic and 
volatile chemicals responsible for its negative effects on human health [2]. 
Cigarette smoke itself is an abundant source of free radicals that promote oxidative 
stress by both the direct delivery of radicals and their endogenous generation, via 
the activation of inflammatory cells [3]. It has been estimated that in one puff of a 
cigarette, the gas phase of the smoke exposes the smoker to greater than 1015 free 
radicals [4]. This oxidative stress acts as a significant risk factor for chronic disease 
development, such as atherosclerosis and carcinogenesis. 
Vital lines of human defence against environmental and dietary oxidant intake are 
the endogenous radical scavengers and the serum antioxidants in the form of die-
tary micronutrients. Due to the fact that antioxidants are potential pro-oxidants, 
possible lower concentrations of antioxidants in smokers in comparison to non-
smokers may be a defensive adaptation to the pro-inflammatory environment in 
smoker’s tissues [5]. As viewed in the literature, smokers have lower circulating 
concentrations of a number of micronutrients, such as ascorbic acid, a-carotene, b-
carotene and cryptoxanthin. Although it is possible that differences in dietary in-
takes could potentially account for these disparities, few studies having controlled 
for differences in nutrient intake. In research study planning and design it is im-
perative that these differences are accounted for since smokers are generally 
known to adhere to a less healthy diet, consume fewer food items rich in fibre, 
antioxidants and phytochemicals and tend to prefer a meat/alcohol dietary pattern 
in comparison to non-smokers [6-10]. 
Taking the above into account, the purpose of this study was to investigate into the 
relationship between smoking status and a) dietary vitamin, folate, fibre, fruit and 
vegetable intake and b) serum folate, iron and vitamin B12 concentrations. 
 
METHODS 
 
Participant sampling procedure 
The questionnaire and biological sample database for this study used the frame-
work of the existing MESSARA cross sectional study. The purpose of the MESSARA 
cross sectional study was to estimate the prevalence of cancer, cardiovascular and 
chronic disease and their risk factors among the farming population of the valley of 
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Messara in Southern Crete, and for this purpose extensive questionnaire data and 
biological samples were stored. 
Participants were randomly selected by using the six municipalities’ voting lists 
using a random stratified sampling methodology, with the number of participants 
in each of the 24 villages selected according to the villages total farming popula-
tion. A participant was regarded as a farmer if his main occupation was farming 
and/or sheep breeding, and was concurrently insured by the farmer’s social insur-
ance fund. Out of the 662 people randomly selected, 599 accepted to participate 
(90,5%) out of which 504 (84%) were finally examined with 44% (n=223) of the 
participants’ male and 56% (n=281) of female gender respectively (age 18-79). The 
mean age (±SD) of males was 49.1 (±12.7) in comparison to 49.2 (±12.4) for fe-
males. 
All examinations were conducted during March-May of 2005, by a trained research 
group of medical doctors, nurses and dieticians, after the population was informed 
about the study and written consent was given. Approval to conduct the survey 
was obtained from the University of Crete Ethics committee, while funding was 
granted by the prefecture of Heraklion’s governing authority. 
 
Dietary Survey 
Dietary intake was assessed using a three-day dietary record questionnaire that 
was handed to the study participants by the local council members of each village, 
prior to the examination day of the study (n=251). Written and oral explanations 
were also provided. Where the three-day dietary record questionnaires were not 
returned, a trained dietician completed a 24-hour dietary recall questionnaire on 
the day of examination (n=249). To re-ensure the representatives between the 35 
compounds of the three-day dietary record questionnaires and the 24-hr dietary 
recall questionnaires, statistical methods were used. The differences were not 
significant, except for vitamin A intake. Detailed descriptions of all foods, beverages 
and supplements consumed during the three-day or 24-hour period before the 
interview, including the quantity, cooking method and brand names were re-
corded. Dietary records and fasting habits were available from 500 participants. 
Food quantities were assessed by the use of household measures and colour food-
model photographs. Nutrient contents were analyzed according to the food data-
base developed at the Department of Social Medicine of the University of Crete in 
1998 and updated in 2000 [11]. The database includes about 500 foods, both single 
and composite. The macro- and micro-nutrient composition of about 20 foods has 
been chemically determined at Wageningen Agricultural University. The fatty acid 
content of 105 fat-containing foods was determined at the TNO Nutrition and Food 
Research Institute (The Netherlands) during 1997. For the remainder of fat-
containing foods, the fatty acid analyses were drawn from the analyses available 
within the European "trans fatty acid research project" database (TTDB, version 
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1.2) developed at the TNO Nutrition and Food Research Institute between 1995 
and 1997. For the foods whose composition was not chemically determined, values 
from the US Department of Agriculture database v11.1 were used. Recipe calcula-
tions were used for composite Greek foods with the ingredients being weighed 
prior to and also following cooking. For means of comparison with other studies 
the RDA for vitamins designated by a designated US food and Nutrition board was 
used [12]. Orthodox Christian church fasting days as a component of the Mediter-
ranean diet of Crete play an important role in the dietary intake of the population 
and therefore were also taken into consideration during the dietary assessment 
[13]. 
 
Laboratory measurements 
Early morning, venous blood samples were drawn from 457 participants, for bio-
chemical screening tests, following a 12-hour overnight fast. The blood samples 
were transferred to the Nutritional Research Laboratory of the University of Crete 
in cases containing ice packs, so as to maintain a temperature of 3–4°C. Quantita-
tive determination of folate and vitamin B12 in serum was performed by competi-
tive immunoassay using direct chemiluminescent technology. (Automated ADVIA 
Centaur system, BAYER). Serum iron levels were calculated for all 457 participants 
while funding for 265 randomly selected folate samples was available. 261 vitamin 
B12 serum levels were calculated, as 4 were lost during the lab analysis. 
 
Health assessment 
Smokers were classified as those who stated that they smoked more than one 
cigarette over the past three consecutive months. Ex-smokers were defined as 
those who had not been smoking for the last six consecutive months, and non-
smokers as those who did not fall in any of the two previous groups. During the 
analysis and due to the fact that the body’s antioxidant capacity can replenish 
quickly during periods of high dietary antioxidant, folate and vitamin intake, both 
ex smokers and non-smokers were grouped together. Body mass Index (BMI) was 
calculated as body weight in kilograms (kg) divided by the square of the body 
height in meters (m2). Subjects were weighed without shoes, in their underwear or 
light clothing with an accuracy of ± 100 g, while body height was measured without 
shoes to the nearest 0.1 cm. Physical activity level was calculated using a weighted 
weekday and weekend physical activity questionnaire validated and used in a pre-
vious study in Crete [14]. Complete data on BMI and physical activity levels were 
available for 498 participants. 
 
Statistical analysis 
The statistical package SPSS 15.0 was used to perform the analysis. Student t-tests 
and chi-squared tests (χ2) were used during comparisons. Log10 transformed values 
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were used due to abnormality of serum folate, iron and vitamin 12 serum values 
while geometric means with 95% confidence intervals were presented. Analysis of 
covariance was performed to eliminate possible confounding factors such as age, 
gender and number of fasting days in relation to smoking status. Chi squared tests 
(χ2) were also used to compare the frequency of inadequate food and nutrient 
intake between smokers and non/ex smokers. Statistical significance was noted as 
p<0.05. 
 
RESULTS 
 
Smoking prevalence was estimated at 29 % with 48.2 % of male participants and 
13.3% of female participants daily smokers. Average years of smoking differed 
according to gender (male: 28 ± 11 vs. female: 14 ± 7, p<0.001) as also the number 
of cigarettes smoked daily (male: 31 ± 16 vs. female: 16 ± 11 p<0.001) (Table 1). 
Regarding obesity indexes and physical activity, current smoking status vs. non/ex 
smoking was not found to effect BMI (29.6 vs. 30.2, p=0.286), daily energy intake 
(2121 vs. 2075, p=0.5) and the level of physical activity performed (2.4 vs. 2.34, 
p=0.399) when gender, age and days of Orthodox church fasting per year were 
taken into account. 
 
Table 1. Descriptive and nutritional related characteristics of the study sample in relation to smoking 
status. 

 Smokers 
% (n) 

Ex/Non smokers 
% (n) 

P-value 

Male 48.2 (109) 51.8 (117) 
Gender 

Female 13.3 (37) 86.7 (241) 
<0.001 1 

18 – 39 39.7 (48) 60.3 (73) 
40 – 59 30.6 (81) 69.4 (184) Age in years 
60 – 80 13.6 (16) 86.4 (102) 

<0.001 

0 32.2 (47) 19.7 (70) 
1 -100 58.2 (85) 48.3 (172) 

Fasting in days 
per year3 

101 – 180 8.3 (12) 32.0 (114) 
<0.001 

 Mean ± SD (n) Mean ± SD (n)  
Body Mass Index2 29.6 ± 0.4 (144) 30.2 ± 0.3 (354) 0.286 
Energy intake in kcal2 2121 ± 57 (142) 2075 ± 35 (353) 0.507 
Physical Activity Level2 2.40 ± 0.06 (144) 2.34 ± 0.04 (354) 0.399 
1. Values are % (n). Chi-square test was used χ2 
2. Values are Mean± standard error (n). Analysis of Covariance: gender, age and fasting days were used 
as covariates. 
3. Fasting days per year 
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The relationship between smoking status and dietary nutrient, fruit and fibre intake 
as is shown in Table 2. Smokers were found to have a lower daily intake of Vitamin 
C (112.1mg vs 136.4mg, p=0.03), dietary fibre (16.6mg vs. 19.1mg, p=0.006) and 
fruits and vegetables (339g vs. 412g, p=0.014) in comparison to non-smokers, while 
dietary vitamin B1 intake was found to be higher among smokers (1.7mg vs. 1.4 mg, 
p=0.02). Daily dietary intake of vitamin E although higher among non smokers did 
not reach statistical significance (p=0.056) while no differences between smokers 
and non-smokers, were found regarding folate and vitamin A, B2, B6 and B12 intake. 
 
Table 2. Daily dietary nutrient, fruit and fibre intake in relation to current smoking status. 

 
Smokers  
[n= 142] 

Ex/Non smokers 
[n=353] 

 

 
Daily intake in 
Weight 

SD 
Daily intake in 
Weight 

SD P-value 

Folate (μg) 210.1 10.8 230.1 6.6 0.130 
Vitamin A (μg) 1067 109 1153 66 0.518 
Vitamin E (mg) 11.3 0.5 12.5 0.3 0.056 
Vitamin C (mg) 112.1 9.1 136.4 5.5 0.030 
Vitamin B1 (mg) 1.7 0.1 1.4 0.1 0.020 
Vitamin B2 (mg) 1.7 0.1 1.8 0.1 0.745 
Vitamin B6 (mg) 1.6 0.1 1.6 0.1 0.709 
Vitamin B12 (μg) 4.3 0.7 4.6 0.5 0.728 
Fibre (g) 16.6 0.7 19.1 0.4 0.006 
Fruits  
and Vegetables (g) 

339 24 412 15 0.014 

Meat (g) 88 9.0 90 6.0 0.915 

 
As for serum concentrations (Table 3), folate was found to be statistically signifi-
cantly higher among non-smokers (17.7 nmol/L vs. 15.3 nmol/L, p=0.023), while 
iron and vitamin B12 serum concentrations did not differ according to smoking sta-
tus when the participants’ dietary intake, gender, age and number of fasting days 
per year were taken into account. 
 
 
Table 3. Serum folate, iron and vitamin B12 concentrations in relation to smoking status 

1. Values are Geometric Mean (95% Confidence Interval) [N] 
2. Analysis of covariance (gender, age and the number of fasting days were used as covariates) 
 

 
Smokers1 
GM (95% CI) [N] 

Ex/Non smokers1 
GM (95% CI) [N] 

P-value 

Serum Folate2 (nmol/L) 15.3 (13.8-16.9) [77] 17.7 (16.6-18.9) [188] 0.023 
Serum Iron2 (μg/dl) 87 (76-99) [131] 80 (73-86) [326] 0.276 
Serum2 Vitamin B12 (pg/ml) 354 (325-386) [77] 341 (324-360) [184] 0.495 
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Table 4 depicts the investigation into the relationship between smoking status and 
severely inadequate dietary nutrient intake (designated at less than 67% of the 
RDA). According to this cut-off, almost 80% of smokers were found to receive less 
than 2/3 of the RDA for folate, while vitamin deficiencies were also noted in almost 
40% of smokers for other micronutrients such as vitamin A, E and C to which al-
most 40% of smokers. On the other hand, the percentage of the population with 
B1, B6 and B12 deficiencies was statistically significantly higher among non-smokers 
in comparison to active smokers (p=0.013, p=0.032 and p<0.001 respectively.) 
while non-smokers were found to have higher but non significant folate, vitamins 
A, E, C as well as fibre, fruit and vegetable intake. 
 
Table 4. Severely inadequate food and nutrient intake in relation to current smoking status. 

 
Smokers 
% (n) 

Ex/Non smokers 
% (n) 

P-value 

Folate (<400μg/ day) 94.4 (133) 92.1 (327) 0.371 
Folate (<268μg/ day) 76.2 (109) 70.7 (251) 0.213 
Vitamin A (<67% of RDA) 49.7 (71) 42.3 (150) 0.133 
Vitamin E (<67% of RDA) 39.9 (57) 35.8 (127) 0.393 
Vitamin C (<67% of RDA) 24.5 (35) 18.0 (64) 0.103 
Vitamin B1 (<67% of RDA) 4.9 (7) 12.4 (44) 0.013 
Vitamin B2 (<67% of RDA) 9.1 (13) 14.1 (50) 0.129 
Vitamin B6 (<67% of RDA) 11.2 (16) 19.2 (68) 0.032 
Vitamin B12 (<67% of RDA) 21.1 (30) 42.5 (148) <0.001 
Fibre (<15 g) 39.2 (56) 36.3 (129) 0.555 
Fruits and Vegetables (<67 % of RDA) 36.8 (49) 29.9 (103) 0.142 
1. Chi squared test (X2) 
2. Severely inadequate food and nutrient intake was defined at <67% of the RDA. 
 
 
DISCUSSION 
 
Current smoking status was strongly related to dietary patterns, with smokers 
found to have a lower dietary fibre, fruit and vegetable intake in comparison to 
non-smokers. Smoking status also affected serum folate concentrations when cor-
rected for dietary intake, while serum iron and serum vitamin B12 levels were not 
associated with current smoking status. 
 
Smoking among Cretan farmers 
As hypothesized, smoking prevalence among the farmers of Crete was elevated, 
especially among male participants. The 48.2% of male smokers is very similar to 
the 51% found in urban Athens, while the percentage of female smokers differs 
substantially according to place of residence with lower smoking rates found 
among female farmers (13.3% vs. 39%) [15]. This could be attributed to the fact 
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that Greek women of higher socio-economic status are more likely to smoke than 
the less educated or those of lower income while women in rural areas most likely 
also smoke less, due to the existing traditional culture that regards female smoking 
taboo [16]. The elevated smoking prevalence as noted above, is a major risk factor 
for the development of cardiovascular disease and cancer, acting in coherence with 
the inadequate dietary intake of a number of vitamins, fibre, fruit and vegetables 
and concurrent depletion of available biological antioxidant deposits due to their 
smoking habits. 
 
Smoking status and vitamin deficiencies 
Folate and vitamins B6 and B12 are involved in the regulation of homocysteine, and 
elevation of homocysteine has been shown to be an independent risk factor for 
coronary heart disease [17]. Chemical components found in tobacco smoke interact 
with the above and transform them into inactive compounds reducing their active 
concentration in biological fluids and possibly alter the ability of the cell to store 
and metabolise folate [18]. The lower serum folate levels found in our study most 
likely follow the mentioned mechanism, and other studies have confirmed the 
finding [19-20]. 
Regarding B12 serum levels, we found that smokers had higher vitamin B12 levels in 
comparison to non-smokers even though the difference was not statistically signifi-
cant. The existing literature is vague regarding the relationship between smoking 
and serum cobalamin levels (vitamin B12). Two studies investigating into smoking 
during pregnancy and vitamin status suggest that there may be a dose related rela-
tionship between smoking and the metabolism of vitamins B6 and B12 while a third 
study (among men only) found significantly higher B12 levels among smokers (465 
pmol/l vs 314pmol/l) [21-24]. Although it has been stated, that elevated B12 levels 
among smokers might be attributed to higher meat consumption, (since smokers 
are more likely to choose meat instead of fruit and vegetables), both smokers and 
non smokers of our study population were found to have a similar dietary intake of 
B12 and meat. 
Current smoking was not found to effect mean plasma concentrations of iron, a 
finding that is similar to previous researchers results, that state that although se-
rum ferritin is related to smoking status iron levels are not, especially among men 
between 40-60 years old [25-26]. BMI, energy intake and level of physical activity 
were also not found to differ significantly according to smoking status, factors that 
could be influenced by the fact that the study population is in rural Crete. 
 
Vitamin deficiencies in smokers and non-smokers among farmers from Crete 
The traditional Mediterranean diet of Crete is renowned for its very high consump-
tion of olive oil, vegetables, legumes, fruit, fish, whole-wheat cereals and a moder-
ate consumption of dairy products and meat. Although it is possible that urban 
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populations of Crete may not adhere that strongly to the traditional Mediterranean 
diet any more, those in rural areas and especially those middle aged or elderly are 
likely to adhere to the diet rich in antioxidants that historically granted them health 
and long life expectancy. An important source of the populations antioxidant intake 
are fruit, vegetables and wildly grown edible greens that are collected and eaten 
fresh or cooked in pies. Studies have shown that the wild Cretan greens are rich 
sources of vitamin C, K, E and carotenoids and are capable of significantly contrib-
uting to the antioxidant buffer and the RDA needs of the population [27-28]. 
Both smokers and non-smokers of our study population were found to have a 
lower folate intake than the recommended 400μg/day. A study performed in an-
other Mediterranean cohort, in Spain, found that folate intakes of smokers was 
significantly lower than that of non smokers, as did the INTERMAP study [29-30]. 
We too found folate intake of smokers to be lower, although not significantly. The 
INTERMAP study also reported null differences in B12 intake between smokers and 
non-smokers to which our data agree. A US population based study; the CSFII, 
showed that smokers had a significantly lower dietary intake of vitamins C and D in 
comparison to non-smokers, a finding that our study does not replicate [31]. It is 
possible though that the much higher vitamin intake of both smokers and non-
smokers in Crete may be due to some degree of adherence to the Mediterranean 
diet of Crete. 
In general and irrespective of smoking status, a relative large proportion of the 
farming population of Messara has a number of alarming deficiencies in vitamin 
intake as well as daily fibre, fruit and vegetable consumption, a factor that would 
affect their predisposition to chronic disease and cancer [32-34]. The fact that al-
most 40% of the population consumes less than 67% of the RDA for fruit and vege-
tables might be due to the possibility that the population, or a subgroup of it, may 
not adhere to the traditional Mediterranean diet of Crete, further studies are 
needed to have a detailed analysis of this hypothesis. In line with the above, the 
farming population of the Messara valley could greatly benefit from an educational 
intervention programme that would stress the necessity of smoking prevention and 
cessation as also the benefits of adhering to a Mediterranean style diet towards the 
prevention of future disease development. 
In total, the statistical data on the relationship between smoking status and dietary 
habits as well as plasma levels of folate provide strong evidence that cigarette 
smoking could be directly responsible for lowering plasma folate levels and may 
have a significant impact on smokers’ dietary habits and nutrient intake. The above 
coherence between antioxidant depletion and reduced antioxidant intake has a 
further impact on the health status of smokers further predisposing them to the 
premature development of tobacco related death and disease. 
 



 93 

Competing Interests 
The authors declare that they have no competing interests. 
 
Acknowledgements 
We would like to thank Sofia Flouri, Natalia Tsoumani, Magda Vatsina and Maria 
Paravoliasi as well as the personnel from the Health Centres of Haraka and Moires 
for their help in collecting the data. We are also grateful to the local authorities of 
Messara for their assistance and the governing body of the prefecture of Heraklion 
for their funding. 
 
 



 94 

REFERENCES 
 
1. Ezzati M & Lopez. Estimates of global mortality attributable to smoking in 2000. The Lancet 2003; 

362: 847–52 
2. International Agency for Research on Cancer. IARC. Monographs on the Evaluation of the carcino-

genic risks to humans: Tobacco smoking. 1986 Vol 38 Lyon (France). International Agency for Re-
search on Cancer 

3. Burke A, FitzGerald G. Oxidative stress and smoking-induced vascular injury, Progress In Cardiovas-
cular Diseases. 2003; 46(1):79-90. 

4. Pryor & Stone. Oxidants in cigarette smoke. Radicals, hydrogen peroxide, peroxynitrate and per-
oxynitrite. Annals of the New York Academy of Sciences 1993; 686: 12-27 

5. Thurnham DI, Northrop-Clewes CA. Effects of infection on nutritional and immune status. In 
Hughes DA, Darlington LG, Bendich A, editors. Diet and human immune function. New Jersey: Hu-
mana Press; 2004. p35-63 

6. Alberg A. The influence of cigarette smoking on circulating concentrations of antioxidant micronu-
trients. Toxicology 2002; 180: 121-137 

7. Zondervan, K.T., Ocke, M.C., Smit, H.A., Seidell, J.C. Do dietary and supplementary intakes of 
antioxidants differ with smoking status? International Journal of Epidemiology 1996; 25: 70-79. 

8. Margetts, B.M., Jackson, A.A. The determinants of plasma b-carotene: interaction between smok-
ing and other lifestyle factors. European Journal of Clinical Nutrition 1996; 50: 236-238. 

9. Touvier M, Niravong M, Volatier JL, Lafay L, Lioret S, Clavel-Chapelon F, Boutron-Ruault MC. Die-
tary patterns associated with vitamin/mineral supplement use and smoking among women of the 
E3N-EPIC cohort. European Journal of Clinical Nutrition 2009; 63(1):39-47 

10. Padrao P, Lunet N, Santos AC, Barros H. Smoking, alcohol, and dietary choices: evidence from the 
Portuguese National Health Survey. BMC Public Health. 2007; 7:138. 

11. Kafatos AG, Verhagen H, Moschandreas J, Apostolaki I, Van Westerop J. Mediterranean diet of 
Crete: foods and nutrient content. Journal of the American Dietetic Association 2000; 100:1487-
1493. 

12. Food and Nutrition Board IoM: Dietary reference intakes for thiamin, riboflavin, niacin, vitamin b6, 
folate, vitamin b12, pantothenic acid, biotin, and choline. A report of the standing committee on 
the scientific evaluation of dietary reference intakes and its panel on folate, other B vitamins, and 
choline and subcommittee on upper reference levels of nutrients. Washington DC: National Aca-
demic Press 1998. 

13. Sarri K, Linardakis M, Codrington C, Kafatos A. Does the periodic vegetarianism of Greek Orthodox 
Christians benefit blood pressure? Preventive Medicine. 2007; 44(4): 341-8 

14. Sarri KO, Linardakis MK, Bervanaki FN, Tzanakis NE, Kafatos AG. Greek Orthodox fasting rituals: a 
hidden characteristic of the Mediterranean diet of Crete. British Journal of Nutrition 2004; 
92(2):277-84 

15. Pitsavos C, Panagiotakos D, Chrysohoou C, Stefanadis C. Epidemiology of cardiovascular risk factors 
in Greece: aims, design and baseline characteristics of the ATTICA study. BMC Public Health. 2003; 
3(1): 32 

16. Huisman M, Kunst AE, Mackenbach JP. Inequalities in the prevalence of smoking in the European 
Union: comparing education and income. Preventive Medicine. 2005; 40:756-764 

17. Refsum H, Ueland PM, Nygard O, Vollset SE. Homocysteine and cardiovascular disease. Annual 
Review of Medicine. 1998; 49:31–62 

18. Northrop-Clewes CA, Thurnham DI. Monitoring micronutrients in cigarette smokers. Clinica Chima 
Acta. 2000; 377:14-38 

19. Ortega RM, Lopez-Sobaler AM, Gonzalez-Gross MM, Redondo RM, Marzana I, Zamora MJ, Andres 
P. Influence of smoking on folate intake and blood folate concentrations in a group of elderly Span-
ish men. Journal of the American College of Nutrition. 1994; 13:68–72. (a) 



 95 

20. Piyathilake CJ, Macaluso M, Hine RJ, Richards EW, Krumdieck CL. Local and systemic effects of 
cigarette smoking on folate and vitamin B-12. American Journal of Clinical Nutrition. 1994; 60:559–
66. 

21. Pagan K, Hou J, Goldenberg RL, Cliver SP, Tamura T. Effect of smoking on serum concentrations of 
total homocysteine and B vitamins in midpregnancy. Clin Chim Acta. 2001; 306:103–9. 

22. Relton CL, Pearce MS, Parker L. The influence of erythrocyte folate and serum vitamin B12 status 
on birth weight. British Journal of Nutrition. 2005; 93:593–9. 

23. Tungtrongchitr R, Pongpaew P, Soonthornruengyot M, Viroonudomphol D, Vudhivai N, Tungtrong-
chitr A, Phonrat B, Pooudong S, Schelp. Relationship of tobacco smoking with serum vitamin B12, 
folic acid and haematological indices in healthy adults. Public Health Nutrition. 2003; 6:675–81 

24. Kim S, Kim J, Shin H and Keen C. Influence of smoking on markers of oxidative stress and serum 
mineral concentrations in teenage girls in Korea, Nutrition. 2003; 19:240–243 

25. Milman M. and Kirchhoff M. Relationship between serum ferritin and risk factors for ischaemic 
heart disease in 2235 Danes aged 30–60 years, Journal of Internal Medicine. 1999; 245:423–433. 

26. Hughes K, Choo M, Kuperan P, Ong C.N and Aw T.C. Cardiovascular risk factors in relation to ciga-
rette smoking: a population-based survey among Asians in Singapore, Atherosclerosis. 1998; 
137:253–258 

27. Vardavas C.Ι, Majchrzak D, Wagner K-H, Elmadfa I, Kafatos A.The antioxidant and phylloquinone 
content of wildly grown greens in Crete. Food Chemistry.2006; 99(4): 813-821 

28. Zeghini S, Kallithraka S, Simopoulos A, Kypryotakis Z (2003): Nutritional composition of selected 
wild plants in the diet of Crete. World review of nutrition and dietetics .2003; 91: 22-40 

29. Dyer AR, Elliot P, Stamler J, Chan Q, Ueshima H, Zhou BF. Dietary intake in male and female smok-
ers, ex-smokers and never smokers: the INTERMAP study. Journal of Human Hypertension 2003; 
17:641–54. 

30. Ortega RM, Requejo AM, Lopez-Sobaler AM, Navia B, Mena MC, Basabe B, Andres P. Smoking and 
passive smoking as conditioners of folate in young women. Journal of the American College of Nu-
trition. 2004; 23:365–71. (b) 

31. Ma J, Hampl J, Betts N. Antioxidant intake and smoking status: data from the continuing survey of 
foods intakes by individuals 1994-1996. American Journal of Clinical Nutrition. 2000; 71: 774-80 

32. Nomura AM, Hankin JH, Henderson BE, Wilkens LR, Murphy SP, Pike MC, Le Marchand L, Stram 
DO, Monroe KR, Kolonel LN. Dietary fiber and colorectal cancer risk: the multiethnic cohort study. 
Cancer Causes and Control. 2007; 18(7): 753-64. 

33. Donaldson MS. Nutrition and cancer: a review of the evidence for an anti-cancer diet. Nutrition 
Journal. 2004; 3:19 

34. Divisi D, Di Tommaso S, Salvemini S, Garramone M, Crisci R. Diet and cancer. Acta Biomedica. 2006; 
77(2):118-23. 

 
 



  



 97 

 

CHAPTER 7 

THE ROLE OF PASSIVE SMOKING ON THE 
PREVALENCE OF TYPE II DIABETES MELLITUS 
AMONG ELDERLY MEN AND WOMEN LIVING IN 
MEDITERRANEAN ISLANDS: THE MEDIS STUDY 
 
A Research Letter 

 
 
 
 
Constantine I. Vardavas, Christos Lionis, Evangelos Polychronopoulos, 
Akis Zeimbekis, Vassiliki Bountziouka, Peter Stravopodis, George Metallinos, 
Demosthenes B. Panagiotakos. 
 
 
Diabetic Medicine 2010; 27(2):242-243 



 98 

While research has indicated that active smoking is strongly related to the devel-
opment of diabetes mellitus, limited evidence exists on the role of exposure to 
secondhand smoke (SHS) on the development of diabetes mellitus [1-2]. Subse-
quently the aim of this study was to evaluate the relationship between chronic 
exposure to SHS and the presence of diabetes mellitus, among elderly individuals 
living on Mediterranean islands. 
 During 2005-2007, 1190 elderly (aged 65 to 100 years) men and women (from 
the Republic of Cyprus, and the Greek islands of Mitilini, Samothraki, Cephalonia, 
Crete, Limnos, Corfu and Zakynthos) were enrolled after institutional review board 
approval (Harokopio University of Athens) and written informed consent. Clinical 
diagnosis of diabetes mellitus (type II) was determined by fasting plasma glucose 
tests greater than 125 mg/dL or the current use of anti-diabetic medication. Fur-
thermore, adherence to the Mediterranean diet, and physical activity was also 
assessed. Current smokers were defined as those who smoked at least one ciga-
rette per day or had stopped cigarette smoking during the past 12 months. Former 
smokers were defined as those who previously smoked, but have not done so in a 
year or more. Exposure to SHS was measured through a semi-quantitative ques-
tionnaire that documented information on daily SHS exposure (of at least 30 min-
utes) and the number of years of exposure. A high concordance between the re-
sponses of the investigated patients and their relatives or friends regarding the 
years of exposure to SHS was noted (τ = 0.89, p=0.001). 
 Our findings indicate that after adjusting for possible confounding factors, 
chronic SHS exposure among non-smokers was associated with a 63% higher likeli-
hood of having diabetes (OR=1.63, 95%C.I: 1.04 – 2.58). Moreover, a positive asso-
ciation was observed between years of exposure to SHS and likelihood of having 
diabetes (OR per 1 year of exposure=1.02, 95%CI 1.00-1.04) after controlling for 
confounding factors. Former smoking (OR=1.49, 95%C.I: 0.93 – 2.41), active smok-
ing (OR=1.17, 95%C.I: 1.64 – 2.23) or a combination of both active smoking and SHS 
exposure (OR=1.54, 95%C.I: 0.69 – 3.58) showed less prominent results (Table). The 
latter effect was significant in males and females, and non-smokers.  
  
Two previous cohorts that have studied the interaction between SHS exposure and 
glucose intolerance have presented similar results to ours. Houston et al., prospec-
tively followed up 4572 participants over a 15 year period and concluded that ac-
tive smoking and SHS exposure (verified by serum cotinine) was related to the 
development of glucose intolerance with an odds ratio of 1.65 and 1.35 respec-
tively [1]. Hayashino et al., also investigated the role of self reported exposure to 
SHS on diabetes development and concluded that both active smoking and SHS 
exposure were related to the development of diabetes mellitus after 3 years of 
follow up, with and odds ratios of 1.99 and 1.81 respectively [2]. In comparison to 
the above studies, our analysis showed similar results regarding SHS exposure 
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(odds ratio 1.63), but differed in regards to the role of active smoking. Our intrigu-
ing finding that exposure to SHS and not active smoking was related to the preva-
lence of diabetes could be partially attributed to the different toxic compounds 
between the tar phase and the gas phase of cigarette smoke, or to the fact that 
those who got diabetic stopped smoking [3].  
 This study shares some limitations mainly because of its cross-sectional design, 
which can indicate relationships but is limited in its ability to attribute cause and 
effect. Additionally, while it is possible that these people exposed to SHS might 
share other confounding factors; we did control for possible dietary or lifestyle 
differences in the regression analysis.  
 Conclusively, our findings indicate that chronic exposure to SHS could be re-
lated to the prevalence of diabetes mellitus among elderly individuals, after con-
trolling for lifestyle, dietary habits and various cardiovascular disease risk factors. 
Nevertheless, further research with the use of longitudinal studies with concurrent 
biomarker evaluation is needed. 
 
Table 1. Results from the logistic regression analysis that evaluated the effect of SHS on the presence of 
diabetes.  

 Odds Ratio 95% CI 
Passive smoking categories    
No active or SHS 1.00 - - 
Active smoking – no SHS 1.17 0.64 2.23 
No smoking –SHS 1.60 1.05 2.51 
Both active and SHS 1.54 0.69 3.48 
Age (per 1 year) 1.02 0.99 1.03 
Males vs. females 1.08 0.69 1.69 
Hypertension (yes vs. no) 2.07 1.35 3.16 
Hypercholesterolemia (yes vs. no) 1.28 0.88 1.86 
Family history of diabetes (yes vs. no) 4.46 2.69 7.41 
Physical activity status (High vs. inactive) 0.57 0.42 0.78 
Body mass index (per 1 kg/m2) 1.05 1.01 1.08 
Years of school (per 1 yr) 0.98 0.93 1.04 
MedDietScore (per 1/55 units) 0.97 0.91 1.03 
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8.1 Cardiovascular disease risk factors among farmers in Crete 
Currently cardiovascular disease (CVD) is one of the leading causes of global mor-
tality. Through this thesis we were able to investigate into the changes in a number 
of traditional risk factors for the development of cardiovascular disease (CVD) 
within a farming population in the valley of MESSARA in Crete, very similar to the 
farming population first studied within the context of the Seven Countries Study 45 
years ago. Greece has witnessed a continuous increase in CVD mortality over the 
past few decades [1]. In comparison to 45 years ago when the Mediterranean diet 
was first scientifically described, the risk factors for the development of CVD in 
rural Crete have significantly changed. Two key factors that we attribute this 
change to, are the adoption of a more “western European” lifestyle that effects 
health related behaviours and specifically dietary habits [2-3]. 
The changes in the prevalence of the risk factors for the development of CVD come 
to reflect the cultural social differences between rural Crete of the 1960’s and to-
day, changes mainly influenced by the boom in the tourist industry during the 
1970’s-1980’s, that introduced the island of Crete –and Greece in general- as a 
major tourist destination. 
 
As noted in Chapter 2, based on the significantly modification by the population’s 
non adherence to the traditional Mediterranean diet, we identified a decrease in 
systolic blood pressure over the years but an increase in obesity indexes, physical 
inactivity, serum glucose and lipids [3] The decrease in the mean SBP (-8%) and in 
the percentage of the population with SBP>130 (-26%) is likely to be due to the 
improvement in hypertensive treatment and primary care prevention as part of the 
global effort to reduce the burden of hypertension [4-5]. On the other hand, the 
16% increase in the populations total cholesterol level is a strong indicator of the 
increased excess risk for the development of CVD [6, 7-8]. Prospective follow up 
cohorts, as the 20, 25 and 40 year follow-ups on the survivors of the initial SCS 
cohort have demonstrated at a population based level the significance of choles-
terol levels on CVD, cancer and general mortality [6, 9-11]. This noted difference in 
mean cholesterol levels between the initial SCS cohort from Crete and the MES-
SARA study participants is stressed by the fact that even among the initial partici-
pants and subsequent 25 year follow up survivors of the SCS, the highest coeffi-
cient for mortality found in the multivariate analysis in Greece was for total blood 
cholesterol [6]. 
 
Affecting insulin resistance, lipid metabolism and promoting systemic inflamma-
tion, obesity predisposes to a number of non-communicable diseases such as hy-
pertension, dyslipideimia and type II diabetes [12-13]. The association between 
bodyweight and both total and cardiovascular disease mortality is well docu-
mented [8]. Population based follow up studies with cohorts from the Mediterra-
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nean have clearly demonstrated the relationship between increased obesity in-
dexes and both acute and chronic cardiovascular disease [6, 14-15] As depicted in 
chapter 3, a sex-specific association with overweight and obesity was also detected 
among participants in the MESSARA study. Females had a higher BMI, WC, W/Hip 
ratio, W/Height ratio and percentage of body fat when compared to male partici-
pants. It is of significant interest to compare our results with the results of the 
Seven Countries Study, which took place in Crete in the 1960s with a cohort of men 
from several villages, 75% of which were farmers born between 1900 to 1919 and 
followed up over 40 years [16]. The mean age of the participants then was 49 years 
(range 40-59) and their mean BMI was 22.9 kg/m2. For the same age group in our 
study population the mean BMI was 29.8 kg/m2, almost 7 kg/m2 higher than the 
BMI of farmers in Crete forty years ago. The average body weight of farmers was 
63kg in the 60’s during the baseline measurements of the seven countries study, 
while male participants in Messara currently have an average weight of 83kg, thus 
noting an alarming 32% increase, a fact that can’t certainly not be explained by the 
noted but not significant decrease in energy intake (2820kcal in the 1960’s to 
2412Kcal in the Messara study) [17-18]. Subsequently, as the energy input has not 
differed significantly over the past 45 years among the farming population of Crete 
we hypothesise that this noted difference in obesity indexes are attributable in the 
first place to much lower levels of physical activity. But also possibly a difference in 
the macronutrient content through which the calories are obtained. 
 
A sedentary lifestyle is considered to be one of the most important modifiable risk 
factors for cardiovascular morbidity and mortality [19]. Among the participants of 
the MESSARA study, women of all ages were found to have a more sedentary life-
style and noted lower levels of Moderate to Vigorous Physical Activitiy (MVPhA) 
and higher levels of Light Physical Activity (LPhA) thus affecting their daily energy 
expenditure and subsequently also their obesity indexes and most likely their risk 
for both CVD and cancer [20]. Fortunately, a moderate level of occupational or 
recreational activity appears to confer a significant protective effect, while system-
atic reviews have shown that there is a dose-dependent reduction in CVD risk with 
higher walking duration, distance, energy expenditure and pace [21]. 
A large amount of evidence suggests that regular moderate exercise prevents the 
development and progression of atherosclerosis and benefits dyslipidemia and 
reduces vascular symptoms in patients with documented CVD. The mechanism of 
benefits is derived from maintenance of body weight, blood pressure control, insu-
lin resistance, and dyslipidemia management, all of which promote endothelial 
stabilization and vascular health [22, 23]. 
 
Currently, the American College of Sports Medicine (ACSM) and the American 
Heart Association (AHA) recommend for the healthy population (ages 18-64 years 
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old) a minimum of 30 minutes of moderate physical activity at least 5 days weekly 
but, preferably everyday or 20 minutes of vigorous exercise [24]. Moreover, as 
research has indicated that in patients with established vascular disease, regular 
physical activity decreases the rate of CV events we stress the fact that the farming 
population of Crete would benefit from an increase in both the level and frequency 
of weekly physical activity [25]. 
 
Based on job related physical activity, over 60% of the men in the Seven Countries 
Study habitually engaged in hard physical work for which their mean energy ex-
penditure was estimated at more than 3000 kcal per day, while only 7% of the 
population in the 1960s; were classified as having sedentary levels of physical activ-
ity [26], Notably, the level of physical activity among the Messara Study partici-
pants is considerable lower, a factor further increasing the populations mortality 
risk [27]. This reduction in physical activity among the farming population of Crete 
could be attributed to the mechanization of farming techniques, the use of vehicles 
and motorcycles in sheep herding and the purchase of food produce from the su-
permarkets, which 45 years ago would have been, at least up to a point, self culti-
vated. 
 
Among populations with a number of other cardiovascular risk factors, such as 
diabetes mellitus, physical activity has been associated with a reduced risk of car-
diovascular death, and total mortality in men [28]. 
Over the past decades type 2 diabetes has changed from a chronic metabolic dis-
ease in elderly into a major health problem affecting an increasing number of peo-
ple worldwide [29]. Diabetes related complications are considerable and preven-
tion and treatment of diabetes are of utmost importance to increase quality of life 
and reduce the increasing health care costs. The analysis of the data of the MEDIS 
study, (Chapter 7) showed that a considerable proportion of the participants had 
diabetes, a condition that could have possibly been partially promoted by chronic 
exposure to SHS and/or non adherence to the Mediterranean diet. Thus, the pre-
sented findings have substantial importance for public health and diabetes man-
agement, and thus extend the current scientific knowledge on the detrimental 
effects of exposure to SHS. In line with these studies findings, exposure to SHS was 
independently related to the development of diabetes mellitus, along with other 
more “classical” predisposing factors such as the family history, a lack of physical 
activity, hypertension and hypercholesterolemia. [30] 
Research has indicated that adherence to the Mediterranean diet can influence 
endothelium function among people with abdominal obesity which in turn is asso-
ciated with an increased risk of cardiovascular disease and type 2 diabetes [31] 
Similarly to previous findings, adherence to the Mediterranean diet (as assessed 
through the 55 point scale), was independently found to reduce the likelihood of 
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the development of diabetes mellitus, although the results were not as prominent 
as for the aforementioned predisposing factors. This discrepancy we attribute to 
the fact that the participants in the MEDIS study were elderly (aged 65-100), and 
most probably their dietary habits may have changed over the years. 
 
8.2 Dietary habits of farmers from Crete: A disappearing Mediterranean diet 
Since antiquity the Greek population followed to consume a traditional dietary 
pattern, known as the Mediterranean diet of Crete. This diet is low in saturated fat 
and red meat consumption but high in monounsaturated fat (obtained mainly 
through the elevated intake of olive oil), antioxidants and vitamins (from fresh fruit, 
wild greens, vegetables, nuts and legumes) [32-33]. 
In general and irrespective of smoking status, a relative large proportion of the 
farming population of Messara was found to have a number of alarming deficien-
cies in vitamin intake as well as daily fibre, fruit and vegetable consumption, a fac-
tor that would effect their predisposition to chronic disease and cancer [34-36]. As 
seen in Chapters 2 & 6, the fact that almost 40% of the population consumes less 
than 67% of the RDA for fruit and vegetables might be due to the possibility that 
the population, or a subgroup of it, may not adhere to the traditional Mediterra-
nean diet of Crete, further studies are needed to have a detailed analysis of this 
hypothesis. Indeed in comparison to 45 years ago, current 40-60 year old farmers 
consume 40% less fruit and vegetables while a remarkable 254% more meat per 
day, a very strong indicator of their non adherence to the Mediterranean diet. 
 
As described in Chapter 2, the mean daily dietary intake of saturated, polyunsatu-
rated and monounsaturated fat has altered over the past 45 years (by +9%, +10% 
and –10% respectively). These results also indicate a lower adherence to the Medi-
terranean diet and a decrease most likely in olive oil consumption as verified by the 
decrease in daily monounsaturated fat intake, a fact that in correlation with the 
increased protein intake could explain the difference in calorie intake over the past 
45 years. It has been speculated that modern lifestyles, less time in preparing the 
meals at home; and the increased cost of olive oil, fish, cereals, fruits and vegeta-
bles, instead of other fats and animal products, may have lead southern Mediter-
ranean populations away from this healthy dietary patter, a hypothesis with which 
we agree to [37]. These above findings, although previously noticed among some 
urban populations in Greece, have never been found among the rural population, 
especially that of Crete [38]. As adherence to the Mediterranean diet and activity 
levels has a protective effect on obesity, acute CVD episodes, the metabolic syn-
drome and lowers overall mortality, the gradual trend of the populations move 
towards a more northern European diet, (replacing saturated with monounsatu-
rated fat) as well as lower levels of activity, would also have a significant effect on 
the health status of the population [39-42]. 
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8.2a Adipose tissue fatty acid composition: the changing dietary fingerprint of 
farmers in Crete 
The extent to which epidemiological research methods can be exploited to eluci-
date and substantiate the relation between dietary fat and the risk of chronic dis-
eases such as heart disease and cancer is dependent heavily on the accurate and 
precise measurement of usual intake of dietary fats. Respondents often under-
report consumption, a practice more common amongst those who are overweight 
than lean, while incorrect portion size estimations, coding and computational er-
rors, and errors associated with the use of food composition databases are also 
known problems when evaluating dietary profiles [43] The fatty acid composition 
of adipose tissue has been considered a gold standard for the representation of 
dietary fatty acids, due to the slow turnover time in weight stable individuals. In the 
1960s it was estimated that the t1/2 of adipose tissue TAG was between 1 and 2 
years. Recent work by Strawford et al. using stable isotope methodology estimated 
that the t1/2 of adipose tissue lipids is between 6 and 9 months [44-46]. 
Taking the above into account, in addition to the use of dietary food frequency 
questionnaires (Chapter 6), in the context of the MESSARA study (Chapter 2), glu-
teal adipose tissue was collected from the study participants as a method of evalu-
ating long term, chronic dietary intakes. 
 
The noted increase in the SFA and the decrease in the MUFA of adipose tissue 
among farmers from Crete over the past 45 years gave a clear insight into the 
abandoning of the traditional Mediterranean diet of Crete and the adoption of a 
more westernised “modern” diet. Furthermore, the qualitative changes in adipose 
tissue content between the MESSARA study, the Seven Countries Study and the 
1960’s study by Christakis et al are indicative of the increase in cardiovascular risk, 
as the ratio of adipose tissue fatty acids is a clear marker of CVD and related to 
mortality [47-48]. In coherence with the reported dietary intake, adipose tissue 
fatty acid composition was found to differ between the population of Crete in the 
1960’s and the population of Messara in 2005 with the latter found to have a 
higher percentage of saturated fats, and a lower percentage of monounsaturated 
fats. These results are indicative of the abandoning of the Mediterranean diet and 
its consequences both on a personal and public health level among farmers in 
Crete. Indeed Case-control or prospective cohort data sets examining the risk for 
CHD endpoints as a function of tissue fatty acid composition have indicated that 
the long-chain n-3 fatty acids, are consistently and significantly reduced in patients 
experiencing CHD events [47] 
As seen in Chapter 3 the FA profile of the survivors of the SCS (taken in 2000) is 
different to the FA profile of the Messara study participants (taken in 2005), some-
thing which we expected due to the fact that that the participants of the SCS in 
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2000 were between 80-100 years old, in comparison to the participants of the 
MESSARA study who were 40-60. It is further possible that the differences in die-
tary habits between the 80-100 year old survivors of the SCS and the current MES-
SARA study participants could not be attributable to age but to long term dietary 
habits since research has indicated that the majority of changes in the fatty acid 
composition of tissue and blood lipids that have been reported to occur with age 
can in part be explained by differences in dietary fatty acid intakes rather than age-
related perturbations in fatty acid metabolism. [43] 
 
8.2b Fasting and its role in the Mediterranean diet 
In recent years, much interest has focused on this special practice that is retained 
and is characteristic of the Mediterranean diet of Crete, and in regards to its bene-
ficial effect on dietary habits and health [44]. Our results agree with an earlier 
study investigating the eating habits of people living in monasteries and free-living 
individuals who fast, in comparison with matched controls who never fast [50]. 
Fasters were generally reported to have lower intakes of dietary cholesterol, total 
and saturated fat, protein and calcium and higher intakes of dietary fiber, folate, 
iron and carbohydrates, during fasting, as compared to non-fasting periods [50]. A 
model of the Greek Orthodox fasting rituals was also established in another study, 
which assessed the nutrient composition of this eating pattern by chemically ana-
lyzing the weekly food and nutrient intake of a strict adherent to the Church’s rec-
ommendations [51]. Similar to our findings, this study demonstrated higher intakes 
of dietary fibre and antioxidant vitamins and lower intakes of saturated fat and 
dietary cholesterol compared to adults and adolescents of the same region. A fur-
ther indication of the healthy dietary habits associated with the Greek Orthodox 
Church’s fasting rituals is the increased mean daily fruit and vegetable intake ob-
served during the fasting weeks, which would further act protectively against the 
development of chronic diseases such as cancer and CVD, which would thus have 
an impact on mortality and public health. 
 
8.3 Smoking, oxidative stress and antioxidant intake 
Observing the strong role of the Mediterranean diet as studied through the context 
both of the historical Seven Countries Study as also through the current MESSARA 
study we were led to hypothesise that adherence to the Mediterranean diet could 
partially ameliorate some of the negative health affects of active and passive smok-
ing [52]. 
 
In our study of randomly selected farmers in Crete (Chapter 6) current smoking 
status was strongly related to dietary patterns, with smokers found to have a lower 
dietary fibre, fruit and vegetable intake in comparison to non-smokers. After ad-
justing for age, gender and number of fasting days adhered to per year, current 
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smokers were found to have a lower dietary intake of vitamin C, fibre and fruits 
and vegetables, while dietary vitamin B1 intake was found to be higher in compari-
son to non/ex smokers. Smoking status also effected serum folate concentrations 
when corrected for dietary intake, while serum iron and serum vitamin B12 levels 
were not associated with current smoking status. Folate and vitamins B6 and B12 are 
involved in the regulation of homocysteine, and elevation of homocysteine has 
been shown to be an independent risk factor for coronary heart disease [53]. 
 
Cigarette smoke can promote atherosclerosis, in part, by its effects on the lipid 
profile of the active and passive smoker. Smoking decreases plasma high lipopro-
tein levels (HDL) and alters the ratios between HDL and low density lipoproteins 
(LDL), HDL and triglycerides (TG) and HDL and total cholesterol levels, both in ani-
mal models and humans [54-56]. It is interesting to note that lipid peroxidation 
among young smokers is noted, even after controlling for dietary intake, as a reli-
able indicator of the level of smoking. In contrast to the above it has been shown in 
randomized controlled trials that adherence to the Mediterranean diet had a bene-
ficial effect on circulating oxidised LDL levels, a factor that could possibly counter 
balance the increase in oxidised LDL molecules induced by exposure to tobacco 
smoke [57] 
 
The differences in dietary fat intake are clearly apparent when comparing the 
Mediterranean diet, with a more westernised diet. Although the fat percentage is 
similar in quantity in both, it differs dramatically in quality as the Mediterranean 
diet is rich in monounsaturated fatty acids, such as oleic acid, but very low in satu-
rated fat. Furthermore, the high fruit and vegetable intake of the Mediterranean 
diet also leads to an increase in vitamin and antioxidant intake with additional 
protective properties. These essential antioxidants are abundant in the traditional 
Mediterranean diet, and as depicted in Chapter 4, are found to be even higher 
during fasting weeks of the traditional diet of Crete. Vitamins A, E and C. Human 
health benefits from these high levels of antioxidant vitamins such as vitamin C, 
beta-Carotene as well as lutein that inhibit the oxidative process of LDL cholesterol 
into its atherogenic forms and therefore preserve endothelial function and prevent 
the development of atherosclerosis and coronary heart disease [58-60]. 
 
8.4 Smoking, inflammation and serum antioxidants 
Atherosclerotic lesions in coronary heart disease have been found to accumulate 
CD4+ T lymphocytes, and can contribute to lesion progression and remodelling 
[61]. The rupture of these lesions and the subsequent thrombus formation is the 
dominant mechanism for acute coronary events [62]. Additional research among 
mice exposed to side stream second hand smoke has also provided evidence that 
long term exposure to second hand smoke can cause a state of permanent inflam-
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mation, influencing pro-inflammatory and cell mediated responses and produce 
cytokines that further activate antibody producing T-cells and so activating a cas-
cade of reactions in response to the oxidative stress of SHS [63]. As SHS is a potent 
source of oxidative stress, we had hypothesized that it is plausible that a higher 
serum antioxidant status could act protectively and act as a buffer against the in-
creased free radical production, antioxidant depletion and oxidative stress caused 
by exposure to SHS [64]. 
 
8.5 Future research avenues 
While the evidence on the role of antioxidants and dietary intakes on cancer, car-
diovascular, respiratory and other chronic diseases is extensive, our knowledge of 
the role of antioxidant or micronutrient supplementation on these outcomes is 
incomplete and contradictive as the evidence is insufficient to conclude that micro-
nutrient supplementation has a definite protective effect [65-69]. To date, the 
existing scientific literature has indicated that the dietary intake of beneficial anti-
oxidants, lipids and other micronutrients, through adherence to the Mediterranean 
diet, can have a protective effect on cancer, cardiovascular and respiratory diseases 
and it is possible that this diet can act as an positive effect modifier of the role 
active and passive smoking on health. Acknowledging the fact that it has been 
estimated that at least 1000 million adults are smokers worldwide and that at least 
700 million children breathe air polluted by tobacco smoke at home the public 
health implications of adherence to such a diet are significant [70]. 
We must state that further research is needed so as to investigate into this current 
hypothesis. Within Crete, it would be possible to conduct either a cohort study and 
follow up farmers from Crete and investigate prospectively in the interaction be-
tween smoking and dietary intakes on the development of acute or chronic dis-
ease. Such a study though would need a substantial number of years and a large 
sample size so as to detect differences. On the other hand it would be interesting 
to perform a controlled study, in which participants would be allocated to either a 
Mediterranean style diet, or a more western European diet and then followed up 
for a number of months after which measures of oxidative stress, DNA damage, 
molecular markers of inflammation, genetic profiles and long term exposure to 
secondhand smoke would be measured. This controlled study would be of signifi-
cant interest and might not have to be located alone in Crete. It could be possible 
to perform such a study using cohorts from different countries and thus popula-
tions that adhere to different dietary habits, however exposure to second hand 
smoke varies greatly by population and thus participants would have to be carefully 
selected by both dietary habits and level of second hand smoke they are exposed 
to. As the European Union continues to support multidisciplinary and multinational 
research within the borders of the EU, such a study could be the base of a future 
EU Framework Package grant submission. 
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Conclusively, although the best ways to avoid the negative health ramifications of 
active and passive smoking are to stop smoking, avoid exposure to SHS and pro-
mote cessation and the adoption of smoke free environments, adherence to the 
Mediterranean diet could provide an additional supportive effect to the above and 
thus have significant implications on clinical outcomes and public health. 
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Summary  
 
This thesis describes the public health implications of adherence to the Mediterra-
nean diet among farmers from the island of Crete, Greece and secondly indicates 
how adherence to the Mediterranean diet could have a protective role against the 
ramifications of active and passive smoking. 
 
The main core of research was provided through the context of the MESSARA 
study, which was a cross sectional study of 500 farmers randomly selected from 
villages of the Valley of Messara, not far from the villages from which participants 
of the historical Seven Countries Study (SCS) were recruited from almost 50 years 
ago. In addition to the MESSARA study, data from the cross sectional MEDIS study 
(data courteously provided by Prof Panagiotakos of the Harokopio University of 
Athens), was analysed so as to investigate the interaction between diabetes, sec-
ondhand smoke and adherence to the Mediterranean diet among a cohort of 1190 
elderly (aged 65 to 100 years) men and women from the Republic of Cyprus, and 
the Greek islands of Mitilini, Samothrace, Cephalonia, Crete, Limnos, Corfu and 
Zakynthos. 
 
As described in chapter 2, we compared the risk factors for the development of 
CVD between farmers from Crete in the 1960’s and farmers from Crete in 2005. 
Our results were compared with both findings from the initial SCS, led by Prof Ancel 
Keys in 1960 and from a regional study led by Prof Christakis a few years later. 
According to these findings, although smoking status and diastolic blood pressure 
was not found to differ between the two cohorts, the majority of other indexes 
were found to be significantly different. Total serum cholesterol was found to have 
increased by 16% from 206.9 ± 41.4 mg/dl to 239.6 ± 45.8mg/dl and this difference 
was statistically significant (p<0.001), while the percentage of the population with 
total serum cholesterol>200 rose by 22%, from 51.5% in the SCS to 73.6% in 2005. 
From a public health perspective this increase in serum cholesterol levels would 
have a significant impact on the development of CVD. One consoling finding was 
that systolic blood pressure was found to have dropped by 8%, as also the percent-
age of the population with high blood pressure (by -26%) a fact which we attribute 
to the improvement in hypertensive treatment and primary care prevention of 
hypertension. 
 
Although the energy intake among participants of the SCS was higher than those of 
the MESSARA study a significant increase in the daily intake of PUFA and SFA from 
13.4g to 14.7g and from 28g to 30.4g was noted, and these differences were statis-
tically significant (p=0.035 and p=0.031 respectively). The daily intake of MUFA has 



 116 

on the other hand decreased over the past 45 years from 84.1 g to 63.4 g 
(p<0.001). The above dietary fat and energy intake have also affected the BMI 
among farmers in Crete and the mean BMI was found to have increased by almost 
7 kg/m2 over the past 45 years from 23 kg/m2 to almost 30 kg/m2 (p<0.001). This 
surprisingly large increase in BMI among farmers of Crete is a direct indicator of 
their increased risk for the development of CVD. Puzzled by these scientific findings 
we investigated into the possible dietary intakes of farmers from Crete then and 
now by comparing food groups initially and secondly by comparing the fatty acid 
composition of gluteal adipose tissue. Indeed the daily intake of fruit alone in the 
1960’s SCS cohort was 464gr in comparison to today’s 118gr (-75%, p<0.001) of the 
MESSARA cohort, while combined consumption of fruit and vegetables dropped 
39% (655 to 401gr, p<0.001). 
Moreover farmers of the MESSARA study were found to consume 254% more meat 
per day, a very strong indicator of their non adherence to the Mediterranean diet. 
These dietary preferences were also corroborated by the adipose tissue composi-
tion which indicated an increase in the percentage of saturated fats and a decrease 
in the percentage of monounsaturated fats located within gluteal adipose tissue. In 
summary it has become clear that from the world famous meditarenian diet origi-
nated in Crete, little is left nowadays which certainly will have its public health 
implication in the near and far future for the population in Crete. 
 
In chapter 3, we investigated into the obesity indexes of both men and women of 
the MESSARA study and found that 86% of the population was either overweight or 
obese. Specifically 42.9 % had a BMI of 25.1 –30 kg/m2 and were overweight and 
43.2 % were obese with a BMI > 30 kg/m2. The percentage of body fat was esti-
mated at 27.3 % of total body weight among males and 39.3 % among females. 
Moreover for all indexes, women were found to be of a higher risk for the devel-
opment of chronic disease as both BMI and waist circumference were statistically 
related to gender with a p-value of 0.007 and <0.001 respectively. Similar findings 
were also found regarding WC (males 100.4 cm, females 102.7 cm, p=0.037), 
W/Hip ratio (males 0.99, females 0.96, p=0.001) and W/Height ratio (males 0.60, 
females 0.66, p<0.001). Additionally the participants conicity index was found to be 
affected by gender (p<0.001), daily energy intake (p=0,019) and fasting days that 
the participant adheres to per year (p=0.010), leading us to investigate into the role 
of the fasting rituals of the Mediterranean diet, and we did so in the study pre-
sented in chapter 4. 
 
In chapter 4 we showed that nutrient and food intake profiles of Greek Orthodox 
monks were favourable in the fasting weeks in comparison to non fasting weeks. 
Lower intakes of total, saturated and trans fatty acids were noted, while on the 
contrary the participants were noted to have a higher intake of dietary fibre, folate 
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legumes and seafood. This important compound of the Mediterranean diet should 
be widely recognised for its ability to lower serum cholesterol lipid levels, as noted 
within the context of this study. Furthermore, the ratio of total:HDL-cholesterol, a 
better predictor of coronary heart disease risk status than total cholesterol levels, 
was also significantly lower during the fasting week, suggesting the potential con-
tribution of the Greek Orthodox fasting rituals in favourable blood lipid profiles. It is 
possible at a population based level that public health could be effectively influ-
enced by such a lipid profile. A further indication of the healthy dietary habits asso-
ciated with the Greek Orthodox Church’s fasting rituals is the increased mean daily 
fruit and vegetable intake observed during the fasting weeks, which would act 
protectively against the development of chronic diseases such as cancer and CVD, 
which could thus have an impact on mortality and public health. 
 
In chapter 5, an overview is given about the possible role of the Mediterranean diet 
as an effect modificator of the role active and passive smoking can have on ones 
health and a number of mechanisms and possible role of micronutrients and anti-
oxidants is discussed. One important point raised by this review is that smokers 
often have a different dietary profile when compared to non smokers and thus the 
epidemiological noted differences could be attributed to a “smoker diet” and not 
solely to cigarette smokes role on circulating lipids, antioxidants and atheroscle-
rotic mechanisms in the human body. 
Taking the above into account we deemed it of interest to investigate into the 
dietary intakes of both smokers and non-smokers and how they have an effect on 
selected serum micronutrients. Thus we investigated into this hypothesis through 
the MESSARA study participants for whom analytical dietary data was available and 
the results of this investigation are presented in chapter 6. According to the col-
lected information and after controlling for possible confounding factors such as 
age, gender and Christian Orthodox fasting rituals current smokers were found to 
have a lower dietary intake of vitamin C (112.1mg vs. 136.4mg, p=0.03), fibre 
(16.6g vs. 19.1g, p=0.006) and fruits and vegetables (339g vs. 412g, p=0.014), while 
dietary vitamin B1 intake was found to be higher (1.7mg vs. 1.4 mg, p=0.02) in com-
parison to non/ex smokers. This different dietary pattern has an impact on their 
intake of essential micronutrients and antioxidants. This in coherence with their 
increased oxidative stress that they are exposed to could further predispose smok-
ers to chronic disease development. 
Moreover, almost 40% of the participants of the MESSARA study were found to 
consume less than 67% of the RDA for fruit and vegetables. A fact that is indicative 
that the population of the Messara valley, or a subgroup of it, may not adhere to 
the traditional Mediterranean diet of Crete. 
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In Chapter 7, we investigated into the factors that influence the development of 
diabetes mellitus among the elderly and found that hypertension (OR 2.07), family 
history of diabetes (OR 4.46) and body mass increase (OR 1.05 per 1 kg/m2 in-
crease) were risk factors for the development of diabetes mellitus. Taking these 
factors into account we must stress that adherence to the Mediterranean diet has 
been shown to effectively reduce these factors independently and thus subse-
quently could reduce the prevalence of diabetes mellitus and thus have an addi-
tional role in public health measures. Furthermore, chronic exposure to second 
hand smoke was independently related to the development of type II diabetes 
mellitus (OR 1.60), while on the other hand adherence to the Mediterranean diet 
(assessed with a 55 point dietary scale) was independently found to act protec-
tively against the development of type II diabetes mellitus (OR 0.97 per 1/55 units). 
 
In summary, from the series of studies described in this thesis the main conclusions 
are that: 
 
• The potential risk for the development of CVD among farmers from Crete has 

significantly changed over the past 45 years with current farmers found to have 
a by 7kg/m3 higher BMI, higher cholesterol levels and lower levels of physical 
activity albeit lower mean systolic blood pressure in comparison to the initial 
participants of the SCS. 

• The above changes in the prevalence of the above CVD risk factors are attribut-
able to the population’s non adherence to the Mediterranean diet as indicated 
through both the decrease in consumption of fruit and vegetables and the in-
crease in consumption of meat. These above dietary differences have lead to 
an alteration of the fatty acid composition of gluteal adipose tissue over the 
past 45 years with a noted increase in the percentage of saturated fats and a 
decrease with the percentage of monounsaturated fats within gluteal adipose 
tissue. 

• The majority of farmers from Messara in Crete were overweight and obese 
while their farmers’ conicity index was found to be related to energy intake and 
the number of fasting days per week. 

• Adherence to the Mediterranean diet and specifically to the fasting rituals of 
the Mediterranean diet can increase the intake of fibre, folate, antioxidants vi-
tamins and reduce fat intake. The latter has an impact on total serum choles-
terol levels. 

• Smoking status has a significant impact on dietary preferences as smokers were 
found to have a lower dietary intake of antioxidants, fruit and vegetables while 
a higher intake of meat. These dietary preferences of smokers increase the 
percentage of the population that receives less than the recommended daily al-
lowance in essential micronutrients and vitamins. 
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• Chronic exposure to second hand smoke is related to the development of type 
II diabetes mellitus, while adherence to the Mediterranean diet is independ-
ently found to act protectively against the development of type II diabetes mel-
litus at a population based level. 

 
Further research is necessary to investigate into the public health implications of 
the interaction between active/passive smoking and adherence to the Mediterra-
nean diet through prospective cohort studies or dietary/exposure control trials. 
The farming population of Crete would benefit from population based and school 
based educational interventions.  Having identified the problem within the context 
of the MESSARA study, a campaign aimed on educating the young population of 
the Messara valley in regards to the beneficial effects of a healthy lifestyle, that 
would include smoking prevention, physical activity and adherence to the tradi-
tional Mediterranean diet, is essential.   
Smoking and exposure to secondhand smoke must be recognised as two significant 
factors that may play a role in the development of chronic disease among popula-
tions that adhere to the Mediterranean diet, and efforts should be made so as to 
both “denormalise” smoking and eliminate exposure to secondhand smoke in pub-
lic places, such as the traditional “kafenia”.  
Health practicioners, school teachers and the local authorities should unify their 
efforts so as to promote good health and protect public health in both rural areas 
as also urban areas of Crete. 
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