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Abstract

Objective: The aim of the present work was to calculate the current cost of
the Mediterranean diet in Greece and to evaluate the role of diet cost in the
development of cardiovascular events after a 5-year follow-up.

Design: Cross-sectional. Cost of diet was measured in €/week based on common
Greek dietary choices, while baseline dietary habits were assessed through a semi-
quantitative FFQ (Greek-EPIC). The Mediterranean Diet Score (MedDietScore) was
applied to assess overall adherence to this pattern using scores of eleven food
variables and alcohol, according to the principles of the Mediterranean diet.
Setting: Five-year follow-up of the ATTICA study, a nutrition and health survey
of a representative, free-living sample of the Greek population resident in the
province of Attica, where Athens is a major metropolis.

Subjects: From 2001 to 2002, 1514 men and 1528 women (aged >18 years) without
known CVD were enrolled. In 2006, the 5-year follow-up was performed.

Results: The weekly cost of participants’ diets varied from 5-35 to 83-57 €/week in
men (mean 2545 (sp 6-80) €/week) and from 10-89 to 55-49 €/week in women
(mean 25-63 (sp 6-30) €/week). Diet cost was correlated marginally to MedDietScore
(r=0-060, P=0-05) as well as being associated with history of hypercholester-
olaemia (mean (sp), yes v. no: 24:90 (5-73) v. 25:82 (6:95) €/week, P=0-027),
physical activity (mean (sp), yes v. no: 26:42 (6-:90) v. 24-82 (6-20) €/week,
P<0-001) and current smoking (mean (sp), yes v. no: 24-99 (6-40) v. 25-98 (6-70) €/
week, P=0-017). No significant association was found between diet cost and 5-year
incidence of CVD (hazard ratio = 1-021, 95% CI 0-965, 1-081). However, adherence
to the traditional Mediterranean diet was inversely associated with the development

of CVD (relative risk per 1-unit increase in MedDietScore = 0-92, 95% CI 0-89, 0-94) Keywords
after adjustment for various potential confounders including diet cost. Diet cost
Conclusions: Quality but not cost of the diet is associated with the development Cardiovascular
of CVD. Mediterranean

It is well documented in the literature that health is influ-
enced by socio-economic status (SES) and that differences in
socio-economic indicators underlie many health disparities.
The various socio-economic indicators are generally related
to chronic diseases, with socio-economically disadvantaged
groups experiencing higher mortality and morbidity rates for
CHD, non-insulin-dependent diabetes mellitus, stroke, some
cancers, obesity and other diseases’™. Socio-economic
indicators also illustrate strong associations with main
determinants of health, such as quality of the environment
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and health-related attitudes, including smoking, physical
inactivity and dietary habits™®. Many studies have reported
healthier dietary patterns among subjects with higher SES,
especially in developed countries. Thus, people with greater
affluence than others exhibit a higher consumption of
vegetables, fruit and fibre products and a lower consump-
tion of fatty meats and added fats” ™.

In general, the causal mechanisms which probably
explain the inverse relationship between SES and either
diet or health are difficult to investigate because of the
complex nature of the possible related factors. Among
these factors is diet cost, which is generally considered
a determinant of food choice that is closely related to SES”.

© The Authors 2010
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Diet cost and CVD

Diet cost is usually expressed as either the total cost per unit
of energy (e.g. €/$ per 1000 kcal or €/$ per M)) or the cost
of purchasing the diet (€/$ per d/week/month)'”. Many
studies have shown that people follow unhealthy food
patterns due to the high diet cost of healthier food choi-
ces'"1? Although true in many cases, it should be taken
into account that the majority of people tend to choose
food based on palatability as well’® and thus cost may
have a secondary role in the final decision of the consumer.
In any case, diet cost seems to play an important role in
health status and so it is unfortunate that there are very few
studies in the literature that have investigated the role of
diet cost in relation to disease outcomes'”.

The Mediterranean diet has been widely reported as a
lifestyle option found to be protective for health and quality
of life"*'>, The main characteristics of the Mediterranean
diet is that it is based on the consumption of foods of non-
animal origin such as pasta, rice, pulses and fresh vege-
tables (including wild greens), with extended everyday use
of olive oil as the main source of total fat intake as well as
moderate consumption of red wine"*'”. Many studies
have highlighted the numerous health benefits of the
Mediterranean diet, including inverse relationships with
CcvD"®1? and metabolic syndrome >,

However, as the specific role of diet cost in the devel-
opment of disease has rarely been evaluated, the aim of the
present work was to estimate the current cost of the Medi-
terranean diet and to explore the relationship of diet cost
and 5-year incidence of CVD in a Greek population.

Methods

Study design and participants

The ATTICA study started as a nutrition and health survey
of the Greek population (during 2001-2002), and the first
follow-up was performed in 2006. The sampling was
carried out in the region of Attica, of which Athens is the
major metropolis, which includes 78% urban and 22%
rural areas. The procedure anticipated enrolling only one
participant per household; it was random, multistage and
based on the age (five age groups) and gender (males,
females) distribution of the Attica region (twenty-seven
stages were used according to the census of 2001). People
with any clinical evidence of CVD or living in institutions
were excluded from the sampling procedure. During the
enrolment period, 4056 inhabitants from the above area
responded to a call from the study’s research group; of
them, 117 were excluded because of history of CVD and
another 897 finally declined to participate. Thus, 3042
were enrolled in the study (75% participation rate); 1514
of the participants were men and 1528 were women. All
participants were interviewed by trained personnel®?.

Bioetbics
The study was approved by the ethics committee of the
Department of Cardiology of Athens Medical School.

https://doi.org/10.1017/51368980010000649 Published online by Cambridge University Press

1891

Baseline measurements

The baseline evaluation included information about sev-
eral sociodemographic characteristics (age, gender, mean
annual income, years of school), personal and family
history of hypertension, hypercholesterolaemia and dia-
betes, family history of CVD, and dietary and other life-
style habits such as smoking status and physical activity.
The assessment of nutritional habits was based on a
detailed, reproducible, validated semi-quantitative FFQ
(the Greek-EPIC questionnaire)®® that was kindly pro-
vided by the Nutrition Unit of Athens Medical School. In
order to describe overall diet, composite scores necessary
for the evaluation of epidemiological associations were
used. A modified version of the Mediterranean Diet Score
(MedDietScore) was applied (range 0-55)* that is based
on the rationale of the Mediterranean dietary pyramid‘'”.
Higher values of this score indicate better adherence to
the Mediterranean diet. Smokers were defined as those
who were smoking at least one cigarette per day during
the past year or had recently stopped smoking (less than
1 year); the rest of the participants were defined as current
non-smokers. For the ascertainment of physical activity
status the International Physical Activity Questionnaire
(IPAQ) was used®”. The IPAQ is an index of weekly energy
expenditure computed using frequency (times per week),
duration (in minutes per time) and intensity of sports or
other habits related to physical activity (in expended energy
per time). BMI was calculated as weight (in kilograms)
divided by the square of standing height (in metres). Obe-
sity was defined as BMI greater than 29-9kg/m? Arterial
blood pressure (three recordings) was measured at the end
of the physical examination with the participant in sitting
position. All participants had been resting for at least
30 min. Participants whose average blood pressure levels
were greater than or equal to 140/90 mmHg or were
under antihypertensive medication were classified as
having hypertension. Hypercholesterolaemia was defined
as total cholesterol level greater than 200 mg/dl or use of
lipid-lowering agents. Diabetes mellitus (type 2) was
defined according to the American Diabetes Association
diagnostic criteria (i.e. participants whose fasting blood
glucose level was greater than 125 mg/dl were classified
as having diabetes). Further details about the aims and
procedures of the ATTICA epidemiological study may be
found elsewhere®?.

Calculation of diet cost

Prices used in the calculation of total diet cost were
obtained from two large supermarkets in Athens metro-
politan area and four local fruit and vegetable street
markets (held weekly in neighbourhoods). It should be
mentioned that there is a small variation in prices within
supermarkets or within street markets in Athens. Greek
people tend to purchase a lot from these markets, espe-
cially fruit and vegetables as they are considered to
be fresher and originated directly from the production.
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Since prices differ among different types of fruit, red
meat, pulses and seafood, we took the most characteristic
types from each food group based also on food choices
given in a published traditional Greek menu®. The
types of food were obtained from the Mediterranean
Food Pyramid and median values were calculated
according to different markets and different types of food
(Table 1, Fig. 1). Seasonal variation in price was not taken
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into account as the calculation of diet cost took place in
summer of 2009. To determine the total cost of the Medi-
terranean diet we first calculated the median cost per ser-
ving of that specific food type and then multiplied it by the
weekly consumption frequency of servings of that food
group. The serving sizes used were based on the dietary
guidelines for adults in Greece”. Total cost of the diet was
equal to the sum of all food types in €/week (Table 2).

Table 1 List and median retail prices of selected foods used to calculate Mediterranean diet cost as well as the total diet cost of the ATTICA

study participants

Mediterranean Pyramid Food
group

Selected food

Median retail price (€/kg
unless otherwise stated)

Red meat
Sweets
Eggs
Potatoes
Pulses, nuts
Olives
Poultry

Fish

Dairy products
Fruits

Olive oil
Vegetables

Non-refined cereals and products
Red wine

Lamb, beef, pork (fresh)

Raisins, pasteli (sesame bar), halva (tahini-based), honey

Chicken eggs

Fresh potatoes

Beans, lentils, chickpeas

Black olives

Whole fresh chicken

Red mullet, sardine, sea bream, sea bass, squid, octopus

Fresh milk

Orange, apple, banana, watermelon, melon, peach, grapes

Extra virgin olive oil

Green beans, tomatoes, lettuce, cabbage, green peppers,
wild greens, spinach, cucumber, onions, courgette

Brown rice, pasta

Red local wine

8-49

5-95
0-26/egg
0-75

3-06

712

4-09

7-94

1-34 €/litre
1-21

5-40 €/litre
0-96

2:69
2-66 €/litre

Cost of Mediterranean Diet

Red
meat
Monthly € 8:49/kg
Sweets
€ 5-95/kg
Eggs € 0-26/egg
Weekly Potatoes € 0-75/kg
Pulses Olives
€ 3:06/kg € 7-12/kg
Poultry € 4-09/kg
Fish € 7-94/kg
Daily Dairy products €1-34/litre for milk
Phy_si_cal Red wine
activity € 2-66/litre

-

Olive oil € 5-40/litre

CXO)

Fruit € 1-21/kg

Vegetables € 0-96/kg

Non-refined cereals and products
€ 2:69/kg

Fig. 1 The Mediterranean Diet Food Pyramid and its approximate cost in Athens, Greece (summer 2009); median of selected retail

prices (€/kg unless otherwise stated)
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0-26

0-075
0-275
0-245
0-476
0-321

0-26/egg
0-75
3-06
4-09
7-94

3-4 servings/week
4 servings/week
5-6 servings/week
2 servings/d

3 servings/week
7 tsp/d

3 servings/week

Eggs
Potatoes
Pulses
Poultry
Fish

50

4

240 ml of milk

1-34 €/litre for milk
5-40 €/litre
7-12

1-21

0-96

Dairy products

Olive oil
Olives
Fruits

1-32
0-64

=5ml
30
1 fruit (100 g)

1 tsp

0-214
0-121

3 servings/week
3 servings/d

6 servings/d
8 servings/day

4-03
9-03

100
half a cup (50-60g)

0-096

Vegetables

2-69 for rice and pasta 0-1614

3360

56

Non-refined cereals

of cooked rice or

pasta
120 ml

2:23

2:66 €/litre

840 ml

120 ml/d

Red wine

Current cost of Mediterranean diet = 31-2 €/week.
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Five-year follow-up
During 2006, the ATTICA study’s investigators performed
the 5-year follow-up. In order to participate in the follow-
up examination all participants were contacted through
telephone calls (80% of the participants) or in their resi-
dence when the telephone number was unavailable. Of the
3042 initially enrolled participants, 1012 men and 1035
women were found alive at the time of the follow-up, while
thirty-two (2-1%) men and twenty-two (1-4 %) women had
died during the 5-year period. The rest of the participants
(i.e. 941) were lost to follow-up (69% participation rate;
Fig. 2). Of the individuals who did not participate in the
re-examination, 75 % were not found because of missing or
wrong addresses and telephone numbers, and the rest
declined to be re-examined (Fig. 2). No significant differ-
ences were observed between those who were lost to
follow-up and the rest of the participants regarding sex
(P=099), age (P=0-78), years of school (P=0-67),
presence of hypertension (P=0-12), diabetes (P=0-27),
hypercholesterolaemia (P=0-12) and dietary habits as
evaluated by the modified MedDietScore (P= 0-28).
Death from any cause was ascertained through death
certificates from regional register offices. The study investi-
gators performed a detailed clinical evaluation in the rest of
the participants using accurate medical records that included
information about: (i) the development of CHD (including
myocardial infarction, angina pectoris, other identified forms
of ischaemia, WHO International Classification of Diseases
10th edition (ICD-10) codes 4104149, 427-2 and 427-6,
heart failure of different types and chronic arrhythmias,
WHO ICD-10 codes 400-0-404-9, 427-0-427-5, 427.9) or
development of stroke (WHO ICD-10 codes 430-438);
(i) the development of hypertension, hypercholester-
olaemia and diabetes; (iii) the assessment of body weight
and height; and (iv) lifestyle habits, including physical
activity and smoking status, as well as consumption of var-
ious food groups and beverages.

Statistical analysis

Descriptive statistics (i.e. means and standard deviations, or
frequencies) are used to present participants’ characteristics.
The time to a CVD event was recorded on an annual basis.
Incidence rates were calculated as the ratio of the number of
new cases to the number of people who participated in the
follow-up. Associations between total diet cost (TDC) and
main socio-economic, dietary and demographic factors were
performed using Pearson’s or Spearman’s correlation (in the
case of normally or not distributed variables) and the ¢ test.
Normality was graphically tested using PP plots; TDC was
normally distributed. The hazard ratios (HR; and their 95 %
confidence intervals) of developing a CVD event during the
S-year period, according to the participants’ TDC and other
baseline characteristics, were estimated using Cox propor-
tional hazards models. Interactions between TDC and diet
score, as well as other covariates, were tested in all models.
Deviance residuals were used to evaluate the models’
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Number of participants

invited to participate —l

n 4056

Number of participants
agreeing to participate
n 3042

v

117 of 4056 participants excluded
because of history of CVD

Number of participants lost to

Number of participants
died during follow-up

v

follow-up
n 941

706 missing or wrong addresses
and telephone numbers
235 declined to be re-examined

n 54

\ 4

Number of participants in
the follow-up examination
n 2047

Fig. 2 Flow chart of participants in the ATTICA study

goodness-of-fit. All reported Pvalues are based on two-sided
tests and compared with a significance level of 5%. The
SPSS statistical software package version 14-0 (SPSS Inc.,
Chicago, IL, USA) was used for all statistical calculations.

Results

Diet cost
The cost of participants’ diet (i.e. TDC) varied between 5-35
and 8357 €/week in men (mean 2545 (sp 6-80)
€/week) and between 10-89 and 55-49 €/week in women
(mean 25-63 (sp 6-30) €/week). Positive correlations were
found between TDC, MedDietScore (= 0-060, P= 0-05) and
energy intake (r=0-665, P<<0-001); similarly, associations
were also observed with history of hypercholesterolaemia
(mean (sp), yes v. no: 2490 (5-73) v. 25-82 (6-95) €/week,
P=0-027), physical activity status (mean (sp), yes v. no:
26-42 (6:90) v. 24-82 (6-20) €/week, P<0-001) and current
smoking (mean (sp), yes v. no: 24-99 (6-40) v. 25-98 (6-70)
€/week, P=0-017). No relationships were found with years
of school (r=-—0-032, P=0-30), annual income (r=
—0-012, P=0-727), age (r=-—0-019, P=0-54), sex (P=
0-65), obesity (mean (sp), yes v. no: 25-61 (6:90) v. 2553
(6-50) €/week, P=0-88), history of hypertension (mean (sp),
yes v. no: 25:69 (6:80) v. 25-43 (6-40) €/week, P=0-58) and
diabetes mellitus (mean (sp), yes v. no: 24-22 (6:00) v. 25-59
(6:60) €/week, P=(0-17). Moreover, we calculated quartiles of
the TDC and compared the consumption of food groups
between the highest and the lowest TDC quartile. The ana-
lysis revealed that people who spent more on their diet
consumed more fish, legumes, cereals, fruits, salads and meat
(all P<0-001) compared with those in the lowest quartile.
We also calculated the current cost of the traditional
Mediterranean diet, as can be seen in Fig. 1. The cost was
calculated based on the median prices of different types
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of food from different places of purchase (supermarkets
and local markets; see Table 1) and was dependent on the
serving size and food groups of the Mediterranean Food
Pyramid (Fig. 1). For example, median price of vegetables
was estimated from the retail price of ten different vege-
tables selected based on season and common consump-
tion perception. Based on these prices the current cost of
the Mediterranean diet was calculated at 31-2 €/week per
person (Table 2). For calculation purposes the median of
dairy products did not include cheese and yoghurt, as
their exact contribution to total consumption cannot be
estimated price-wise and in quantification. Similarly for
the pulses and nuts food group where pulses are the
major contributors of the group consumption, nuts were
excluded and only pulses were taken into account to
calculate the median. Including cheese, yoghurt and nuts
would give misleading results, probably elevating median
prices as they are a lot more expensive. In addition,
cheese and milk were measured in different units, one
being liquid and the other solid; thus the calculation of
one ‘common’ median would be a mistake. In the final
calculation of the TDC, wine and olive oil were not
included: (i) wine was excluded as total alcohol con-
sumption is obtained from the FFQ, comprising not only
wine but also different types of alcohol such as beer and
spirits; (iD) olive oil was excluded because in the FFQ its
use is calculated as a proportion of the population and
not quantified individually. At this point it should be
noted that the mean diet cost of both men and women of
the ATTICA study was lower than the Mediterranean diet
cost (all P<0-00D).

Total diet cost and 5-year incidence of CVD

To further evaluate the association between cost of diet
and 5-year incidence of CVD we applied survival analysis
(Table 3). In particular, three nested models were estimated.
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Diet cost and CVD

Table 3 Results from Cox proportional hazards models that eval-
uated the cost of individuals’ diet in relation to 5-year incidence of
CVD

Hazard ratio  95% CI
Model 1
Age (per 1 year) 1-072  1-058, 1-086
Gender (males v. females) 1-646 1-170, 2-316
Obesity (yes v. no) 1-394  0-977, 1-990
Physical activity (yes v. no) 0-839 0-596, 1-181
Current smoking (yes v. no) 1-106  0-755, 1-620
Hypertension (yes v. no) 1-304 0-917, 1-856
Diabetes mellitus (yes v. no) 1-786  1-204, 2-649
Hypercholesterolaemia (yes v. no) 1-312  0-939, 1-834
Family history of CVD (yes v. no) 0-938 0-659, 1-335
Model 2
Age (per 1 year) 1-055 1-011, 1-102
Gender (males v. females) 1-517  0-650, 3-540
Obesity (yes v. no) 3-294  1-533, 7-074
Physical activity (yes v. no) 0-847 0-386, 1-859
Current smoking (yes v. no) 1-136  0-528, 2-442
Hypertension (yes v. no) 1-187  0-543, 2-594
Diabetes mellitus (yes v. no) 2:226  0-835, 5-937
Hypercholesterolaemia (yes v. no) 2:405 1-074, 5-385
Family history of CVD (yes v. no) 0-745  0-343, 1-618
Total diet cost (per 1€) 1-021 0-965, 1-081
Model 3
Age (per 1 year) 1-052  0-990, 1-117
Gender (males v. females) 2:799  0-819, 9-561
Obesity (yes v. no) 3:494  1-093, 11-171
Physical activity (yes v. no) 1-372  0-423, 4-448
Current smoking (yes v. no) 0-439 0-127,1-515
Hypertension (yes v. no) 1-169  0-386, 3-535
Diabetes mellitus (yes v. no) 0-939 0-156, 5-640
Hypercholesterolaemia (yes v. no) 7-286  1-766, 30-056
Family history of CVD (yes v. no) 1-532  0-495, 4-739
Total diet cost (per 1€) 1-007 0-927, 1-095
Financial status (very good v. good)  0-389  0-204, 0-743

In model 1, only clinical and lifestyle variables were taken
into account. It was shown that age, male gender and
diabetes mellitus were positively associated with 5-year
incidence of CVD. In model 2 the TDC variable was
included, but there was no association with 5-year inci-
dence of CVD (HR =1:021, 95% CI 0-965, 1-081). Also,
no association between TDC and 5-year incidence of CVD
was observed when a financial status variable was
included in the model (HR = 1-007, 95% CI 0-927, 1-095).

Regarding overall dietary habits, the MedDietScore that
evaluates adherence to the traditional Mediterranean diet
was inversely associated with the development of CVD
(relative risk per 1-unit increase in MedDietScore = 0-92,
95% CI 0-89, 0-94) after adjustment for physical activity
status, obesity status, smoking habits, sex, history of hyper-
tension, hypercholesterolaemia, diabetes, CVD and diet
expenses of the participants, but the relationship became
insignificant when age was also included in the model. Thus,
the analysis was stratified by various age groups. It was
discovered that only people aged 35-65 years exhibited
greater adherence to the Mediterranean diet that was inver-
sely associated with CVD incidence (relative risk per 1-unit
increase in MedDietScore = 0-94, 95% CI 0-90 0-97, after
several adjustments), while no significant associations were
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observed between younger or older adults (P for homo-
geneity between odds ratios <0-001).

Discussion

In the present work we studied the association between
cost of diet and 5-year incidence of CVD events in a
representative, free-living sample of the Greek inhabi-
tants from the region of Attica. Overall, no significant
association was found between TDC and incidence of
CVD events. Moreover, while TDC was associated with
health indicators such as hypercholesterolaemia, educa-
tion, financial status and diet quality (expressed as
MedDietScore), significant associations were found only
with MedDietScore, hypercholesterolaemia, physical activ-
ity and current smokers. Nevertheless, greater adherence to
the Mediterranean diet was inversely associated with CVD
incidence, irrespective of TDC of the participants.

Regarding the current cost of the Mediterranean diet in
Greece, it was calculated at 31-2 €/week which works out
at 124-8 €/month per person. Comparing that with the
Greek minimum wage of 681 €/month according to
EUROSTAT published data®®, the proportion of food
cost to the minimum wage is about 18-3%. This propor-
tion is close to the European average of 22% for the
percentage of disposable income spent on food?”. The
difference may be due to an under-representation of cost
due to the methodological limitations mentioned above.
Moreover, according to the calculations, the Mediterra-
nean diet is more expensive than the mean diet cost
reported by the participants. This may suggest that it
could be too expensive for at least a large proportion of
the population.

In Europe food prices tend to vary among countries;
specifically, price levels indicate that food is cheaper in
Eastern Europe whereas it is more expensive in Western
Europe, especially the Nordic countries and Ireland. Price
differences across countries are distinctive as food prices in
one of the most expensive countries, Norway, are about 2-9
times as high as in the least expensive, Bulgaria®®.

Therefore the cost of the Mediterranean diet would
increase in Western Europe where, for example, fruit and
vegetables price levels are well above the European
average in most countries. In the USA, the US Department
of Agriculture has created a cost-effective healthy diet that
meets Recommended Dietary Allowances and the Pyr-
amid Guidelines®” called The Thrifty Food Plan. The diet
cost in June 2009 was estimated at $39-00/week for a
male person aged 19-50 years and $34-50/week for a
female person of the same age®”’, which is not very far
from our calculations given that the current exchange rate
of Euros to US dollars is approximately 1-4.

In addition, while TDC was associated with various
health indicators, significant associations were found
with MedDietScore (an indicator of diet quality),
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hypercholesterolaemia, physical activity and current
smokers. The association between TDC and MedDiet-
Score was a positive one but not so strong in terms of
effect size, meaning that a higher-quality diet would tend
to cost more, which agrees with many studies regarding
diet cost and quality®®. It was also shown in our study
that the diet of people with hypercholesterolaemia costs
slightly but significantly less than the diet of people
without this condition, which could be explained by the
fact that energy-dense foods that have higher fat and lipid
content (a risk factor for hypercholesterolaemia) are
accessible to consumers at a lower cost than ‘healthier’
diets lower in energy density and rich in vegetables and
fruit®®3. In addition, we found that sedentary people
tend to pay less for their diet than physically active peo-
ple and smokers pay significantly less than non-smokers,
but these results are considered inconclusive.

Nevertheless, when TDC was related to 5-year incidence
of CVD events no significant association was found (Table
3). In the latter, the comparison was controlled for age,
gender, obesity, physical activity, current smoking, hyper-
tension, diabetes mellitus, hypercholesterolaemia and family
history of CVD events. No association was found even after
including financial status in the model. The lack of asso-
ciation between TDC and CVD may reflect the relatively
weak association between diet cost and quality, which is
likely to be the link between diet cost and health.

Recent findings by Drewnowski and Eichelsdoerfer
show that the Mediterranean diet can be a valuable tool in
the management of the obesity epidemic as it exhibits
nutritional characteristics that are widely acceptable in
cultural and social terms. Our findings complement the
above as TDC was not associated with financial status,
showing that the Mediterranean diet can be adopted
without taking financial parameters (e.g. income) into
account, although further research is required to confirm
such results.

Moreover, taking into account that the cost of the Medi-
terranean diet is higher than the cost of the total diet, the
observed insignificant association between TDC and finan-
cial status may suggest that factors other than available
funds determine people’s dietary choices. This may be also
related to the fact that people with very low income are not
well represented, and it is these people for whom the cost
of a better-quality diet may be most prohibitive.

Despite the lack of association between diet cost and
CVD incidence, greater adherence to the Mediterranean diet
was associated with lower 5-year CVD incidence, especially
among middle-aged people. A wide body of scientific evi-
dence relates diet and incidence of CVD®*3>. There is also
increasing scientific evidence that diets high in consumption
of fruits, vegetables, legumes and whole grains, which also
include fish, nuts and low-fat dairy products, have protec-
tive health effects. The traditional Mediterranean diet, whose
principal source of fat is olive oil, includes these dietary
characteristics and there is also some evidence that it can be

(32)

https://doi.org/10.1017/51368980010000649 Published online by Cambridge University Press

K Vlismas et al.

applicable to other dietary cultures and cuisines®®. For the
last 30 years many investigators have recognized the ben-
eficial role of this diet on CVD, metabolic disorders and

several types of cancer® %,

Study limitations

There are some limitations that need to be acknowledged
and addressed regarding the current work. First, part of
the study was based on a cross-sectional design, which
limits causal inferences. A second limitation is that low-
income people were generally not well represented
because data from the homeless or unemployed are dif-
ficult to obtain. Another possible limitation concerns the
extent to which the findings can be generalized beyond
the population studied. Moreover, some foods (cheese,
yoghurt and nuts) were not included in the total cost of
the Mediterranean diet because of the large price varia-
bility of these products. Finally, as seasonal variation in
cost was not taken into account since the calculation of
diet cost was undertaken in the summer months (when
prices of fruits and vegetables are lower), the annual cost
of the diet could be underestimated.

Conclusion

Our results show that diet quality, but not diet cost, is
associated with 5-year incidence of CVD in a free-living,
population-based sample from Greece. Moreover, the
estimated actual cost of the Mediterranean diet seems to
be rational for a middle-income household. This may
provide policy makers with an excellent tool as it can be
exploited as an efficient strategy to reduce the food-
related disease burden.

Acknowledgements

The ATTICA study is funded by research grants from the
Hellenic Society of Cardiology and the Hellenic Athero-
sclerosis Society. The authors declare that they have no
conflicts of interest. K.V. wrote the paper; D.B.P., C.P,,
C.C. and C.S. designed and supervised the study and
reviewed the paper; M.S., J.Y. and V.S. critically reviewed
the paper. The authors would like to thank the investi-
gators of the ATTICA study: A. Zeimbekis, N. Papaioannou,
E. Tsetsekou, L. Papadimitriou, N. Massoura, S. Vellas
and A. Katinioti (physical examination); M. Toutouza
(data management); M. Kambaxis (dietary assessment);
M. Toutouza, C. Tselika and S. Poulopoulou (technical
support).

References

1. Kaplan GA & Keil JE (1993) Socioeconomic factors
and cardiovascular disease: a review. Circulation 88,

1973-1998.


https://doi.org/10.1017/S1368980010000649

Diet cost and CVD

2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Van Dam RM, Rimm EB, Willett WC et al. (2002) Dietary
patterns and risk for type 2 diabetes mellitus in US men.
Ann Intern Med 136, 201-209.

Avendano M, Kawachi I, Van Lenthe F er al. (2006)
Socioeconomic status and stroke incidence in the US
elderly. The role of risk factors in the EPESE study. Stroke
37, 1308-1373.

Galobardes B, Costanza MC, Bernstein MS et al. (2003)
Trends in risk factors for lifestyle-related diseases by socio-
economic position in Geneva, Switzerland, 1993—2000: health
inequalities persist. Am J Public Health 93, 1302—-1309.
Lopez-Azpiazu 1, Sanchez-Villegas A, Johansson L et al.
(2003) Disparities in food habits in Europe: systematic
review of educational and occupational differences in the
intake of fat. J Hum Nutr Diet 16, 349-3064.

Turrell G, Hewitt B, Patterson C et al. (2003) Measuring
socio-economic position in dietary research: is choice of
socio-economic indicator important? Public Health Nutr 6,
191-200.

Sanchez-Villegas A, Martinez JA, Prattala R et al. (2003) A
systematic review of socioeconomic differences in food
habits in Europe: consumption of cheese and milk. Eur J
Clin Nutr 57, 917-929.

Hupkens CLH, Knibbe RA & Drop MJ (2000) Social class
differences in food consumption. The explanatory value of
permissiveness and health and cost considerations. Eur J
Public Health 10, 108-113.

Darmon N & Drewnowski A (2008) Does social class
predict diet quality? Am J Clin Nutr 87, 1107-1117.
Drewnowski A & Darmon N (2005) The economics of
obesity: dietary energy density and energy cost. Am J Clin
Nutr 82, 1 Suppl., 2655-273S.

Lloyd HM, Paisley CM & Mela DJ (1995) Barriers to the
adoption of reduced fat diets in a UK population. J Am Diet
Assoc 95, 316-322.

Nelson M, Dick K & Holmes B (2002) Food budget
standards and dietary adequacy in low-income families.
Proc Nutr Soc 61, 569-577.

Drewnowski A (1998) Energy density, palatability, and
satiety: implications for weight control. Nutr Rev 56,
347-353.

Willett WC, Sacks F, Trichopoulou A et al. (1995
Mediterranean diet pyramid: a cultural model for healthy
eating. Am J Clin Nutr 61, 1402-1406.

Trichopoulou A, Vasilopoulou E & Georga K (2005) Macro-
and micronutrients in a traditional Greek menu. Forum
Nutr 57, 135-146.

Sofi F, Cesari F, Abbate R et al. (2008) Adherence to
Mediterranean diet and health status: meta-analysis. BMJ
337, al344.

Supreme Scientific Health Council, Ministry of Health and
Welfare of Greece (1999) Dietary guidelines for adults in
Greece. Arch Hellenic Med 16, 516-524.

Walker C & Reamy BV (2009) Diets for cardiovascular
disease prevention: what is the evidence? Am Fam
Physician 79, 571-578.

Trichopoulou A, Bamia C, Norat T et al. (2007) Modified
Mediterranean diet and survival after myocardial infarction:
the EPIC-Elderly study. Eur J Epidemiol 22, 871-881.
Panagiotakos DB, Pitsavos CH, Chrysohoou C et al. (2004)
The impact of lifestyle habits on the prevalence of the
metabolic syndrome among Greek adults from the ATTICA
study. Am Heart ] 147, 106-112.

Salas-Salvado J, Fernandez-Ballart J, Ros E et al. (2008)
Effect of a Mediterranean diet supplemented with nuts
on metabolic syndrome status: one-year results of the
PREDIMED randomized trial. Arch Intern Med 168,
2449-2458.

https://doi.org/10.1017/51368980010000649 Published online by Cambridge University Press

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

1897

Pitsavos C, Panagiotakos DB, Chrysohoou C et al. (2003)
Epidemiology of cardiovascular risk factors, in Greece;
aims, design and baseline characteristics of the ATTICA
study. BMC Public Health 3, 32.

Katsouyanni K, Rimm EB, Gnardellis C et al. (1997)
Reproducibility and relative validity of an extensive semi-
quantitative food frequency questionnaire using dietary
records and biochemical markers among Greek school-
teachers. Int J Epidemiol 26, Suppl. 1, S118-S127.
Panagiotakos DB, Pitsavos C & Stefanadis C (2006) Dietary
patterns: a Mediterranean diet score and its relation to
clinical and biological markers of cardiovascular disease
risk. Nutr Metab Cardiovasc Dis 16, 559-568.

Craig CL, Marshall AL & Sjostrom M (2003) International
physical activity questionnaire: 12-country reliability and
validity. Med Sci Sports Exerc 35, 1381-1395.

European Commission (2009) Consumers in Europe, 2009
edition. EUROSTAT Report, p. 30. Luxembourg: Office for
Official Publications of the European Communities.
Robertson A (2001) Social inequalities and the burden of
food-related ill-health. Public Health Nutr 4, 1371-1373.
European Commission (2008) Food: From Farm to Fork
Statistics, 2008 edition. EUROSTAT Report, p. 152. Luxem-
bourg: Office for Official Publications of the European
Communities.

Center for Nutrition Policy and Promotion, US Department
of Agriculture (2009) The Thrifty Food Plan. http://www.
cnpp.usda.gov/USDAFoodCost-Home.htm (accessed August
2009).

Drewnowski A & Specter SE (2004) Poverty and obesity:
the role of energy density and energy costs. Am J Clin Nutr
79, 6-16.

Marti-Henneberg C, Capdevila F, Arija V et al. (1999)
Energy density of the diet, food volume and energy intake
by age and sex in a healthy population. EurJ Clin Nutr53,
421-428.

Drewnowski A & Eichelsdoerfer P (2009) The Mediterra-
nean diet: does it have to cost more? Public Health Nutr12,
1621-1628.

Kris-Etherton PM (1999) A new role for diet in reducing the
incidence of cardiovascular disease: evidence from recent
studies. Curr Atheroscler Rep 1, 185-187.

Panagiotakos DB, Pitsavos C, Chrysohoou C et al. (2008)
Five-year incidence of cardiovascular disease and its
predictors in Greece: the ATTICA study. Vasc Med 13,
113-121.

Fung TT, Rexrode KM, Mantzoros CS et al. (2009)
Mediterranean diet and incidence of and mortality from
coronary heart disease and stroke in women. Circulation
119, 1093-1100.

Kouris-Blazos A (1999) Are the advantages of the
Mediterranean diet transferable to other populations?
A cohort study in Melbourne, Australia. Br J Nutr 82,
57-61.

Mitrou PN, Kipnis V, Thiébaut ACM et al. (2007)
Mediterranean dietary pattern and prediction of all-cause
mortality in a US population: results from the NIH-
AARP Diet and Health Study. Arch Intern Med 167,
2461-2468.

Lagiou P, Trichopoulos D, Sandin S et al. (2006) Mediterra-
nean dietary pattern and mortality among young women: a
cohort study in Sweden. Br J Nutr 96, 384-392.

Van Horn L, McCoin M, Kris-Etherton PM et al. (2008) The
evidence for dietary prevention and treatment of cardio-
vascular disease. | Am Diet Assoc 108, 287-331.

Estruch R, Martinez-Gonzalez MA, Corella D et al. (2006)
Effects of a Mediterranean-style diet on cardiovascular risk
factors: a randomized trial. Ann Intern Med 145, 1-11.


https://doi.org/10.1017/S1368980010000649

