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Abstract

Given the lack of consistent evidence of the relationship between Mediterranean dietary patterns and body fat, we

assessed the cross-sectional association between adherence to a modified Mediterranean diet, BMI, and waist
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circumference (WC). A total of 497,308 individuals (70.7%women) aged 25–70 y from 10 European countries participated

in this study. Diet was assessed at baseline using detailed validated country-specific questionnaires, and anthropometrical

measurements were collected using standardized procedures. The association between the degree of adherence to the

modified-Mediterranean Diet Score (mMDS) (including high consumption of vegetables, legumes, fruits and nuts, cereals,

fish and seafood, and unsaturated:saturated fatty acids ratio; moderate alcohol intake; and low consumption of meat and

meat products and dairy products) and BMI (kg×m22) or WC (cm) was modeled through mixed-effects linear regression,

controlling for potential confounders. Overall, the mMDS was not significantly associated with BMI. Higher adherence to

the Mediterranean diet was significantly associated with lower WC, for a given BMI, in both men (20.09; 95% CI 20.14

to 20.04) and women (20.06; 95% CI 20.10 to 20.01). The association was stronger in men (20.20; 95% CI 20.23 to

20.17) and women (20.17; 95% CI 20.21 to 20.13) from Northern European countries. Despite the observed

heterogeneity among regions, results of this study suggest that adherence to a modifiedMediterranean diet, high in foods

of vegetable origin and unsaturated fatty acids, is associatedwith lower abdominal adiposity measured byWC in European

men and women. J. Nutr. 139: 1728–1737, 2009.

Introduction

Obesity is one of the greatest public health challenges of the 21st
century. Its prevalence has tripled in many European countries
since the 1980s and the numbers of those affected continue to
rise at an alarming rate. Almost 400 million adults from
European countries are estimated to be overweight and ~130
million to be obese. If the prevalence continues to increase at the
same rate as in the 1990s, ~150 million adults in Europe may be
obese by 2010 (1). Mediterranean countries in Southern Europe
have a higher prevalence of obesity than countries in Northern
Europe (2,3). For illustration, the WHO estimates that the
prevalence of obesity in Greek adults (aged .30 y) is .30%,
whereas in Denmark it is ,13% (1,2). Lifestyle changes are the
major determinants of the rapid rise in the prevalence of obesity
worldwide, with genetic factors likely to modify the individual
susceptibility to these lifestyle changes. The etiology of obesity is
multifactorial; however, the root physiological cause is energy
imbalance as a consequence of low physical activity (PA)36 and/
or high energy intake (EI) (3–5).

The traditional Mediterranean diet has been described as the
dietary pattern found in the olive-growing areas of the Medi-
terranean region in the late 1950s and early 1960s, when the
consequences of World War II had been overcome but before
fast-food culture had reached the area. It is characterized by a
high intake of vegetables, legumes, fruits and nuts, cereals
(mainly unrefined), a high intake of olive oil but a low intake of
saturated lipids, a moderately high intake of fish, a low-to-
moderate intake of dairy products (mostly in the form of yogurt
and cheese), a low intake of meat and poultry, and a regular but
moderate intake of alcohol, primarily in the form of wine and
generally during meals (6). The Mediterranean diet has been
associated with better health and greater longevity (6–15). It has
been suggested that this dietary pattern may also be protective
against the development of obesity through its high-fiber content
and low energy density (4,16–18). However, others have
speculated that the high-fat content (particularly from olive
oil) of theMediterranean diet may promote excess EI and weight
gain and hence may explain the high prevalence of overweight
and obesity in Mediterranean countries (19). Epidemiological
evidence of an association between adherence to a Mediterra-
nean-type diet and overweight/obesity is limited and conflicting

and there are important methodological differences and limita-
tions in previous studies that make it difficult to compare results
(10,11,16,18,20–26).

Our objective in this study was to assess in a large population
from Europe, including Mediterranean, Central, and Northern
European countries with diverse dietary patterns, the cross-
sectional association between the maintenance of a dietary
pattern in conformity with the Mediterranean diet and mea-
surements of general obesity (BMI) and abdominal fat as
assessed by waist circumference (WC). The present study was
designed to overcome some of the methodological limitations
reported in previous studies by including a large sample size,
standardized methods of dietary and anthropometrical assess-
ment, and appropriate control for confounders and effect
modifiers of the association between diet and obesity.

Methods

Study design. This was a cross-sectional study conducted in partici-

pants of the European Prospective Investigation into Cancer and

Nutrition–Physical Activity, Nutrition, Alcohol, Cessation of Smoking,

Eating Out of Home and Obesity (EPIC-PANACEA) project.

Study population. EPIC is a multi-center, prospective cohort study

investigating the role of metabolic, dietary, lifestyle, and environmental
factors in the development of cancer and other chronic diseases. Briefly,

between 1992 and 2000, 519,931 apparently healthy volunteers aged

between 25 and 70 y were recruited in 23 centers from 10 European

countries (Denmark, France, Germany, Greece, Italy, The Netherlands,
Norway, Spain, Sweden, and the United Kingdom). In France, Norway,

Utrecht (The Netherlands), and Naples (Italy), only women were

included. The selection of the study population in each center was

largely influenced by practical considerations and therefore the sample is
not intended to be representative of each region. Approval for this study

was obtained from the ethical review boards of the International Agency

for Research on Cancer and from all local institutions where participants
had been recruited for the EPIC study. Details of the recruitment and

study design have been published elsewhere (27–29).

Participants with no dietary data available (n = 6611), those in the

lowest and highest 1% of the cohort distribution of the ratio of reported
total EI:energy requirement (n = 10,209) (30), those with no information

on lifestyle variables (n = 64), those with missing BMI (n = 4719), and

pregnant women (n = 623) were excluded from the present analyses. In

addition, 18 participants with height , 130 cm, 321 participants with
BMI ,16 kg×m22, 16 participants with a WC .160 cm, and 42

participants with both a WC ,60 cm and a BMI .25 kg×m22 were not

considered for the present study. Thus, 497,308 individuals (145,578

men and 351,730 women) were included in the present study.

36 Abbreviations used: BMR, basal metabolic rate; EI, energy intake;

EPIC-PANACEA, European Prospective Investigation into Cancer and

Nutrition–Physical Activity, Nutrition, Alcohol, Cessation of Smoking, Eating

Out of Home and Obesity; mMDS, modified-Mediterranean diet score; PA,

physical activity; WC, waist circumference.
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Anthropometric assessment. Anthropometric measurements were

taken in most EPIC centers using similar, standardized procedures, with

the exception of the “health-conscious" group based in Oxford (UK), in
which anthropometric values were predicted (n = 47,088), and France

(n = 71,874) andNorway (n = 35,779), where self-reported anthropometric

values were used (31). For the UK health-conscious group (a heteroge-

neous group of ovo-lacto vegetarians, pure vegans, fish but not meat
eaters, and meat eaters), linear regression models were used to predict

sex- and age-specific anthropometric values from participants with both

measured and self-reported body measures, as previously described

(27,32,33). In Norway, only self-reported values of weight and height
were obtained. In French centers, weight and height were measured in

31% of all women, whereas self-reports were available for all women.

Given that, for most of the French sample, the time interval between the
date of the questionnaire (when self-reported anthropometric values

were obtained) and the date of anthropometric measurements was very

long (mean difference 3.8 y), only self-reported anthropometric values

were considered in the present study. Also, due to the long time interval,
prediction equations from self-reports could not be determined.

In participating centers where actual anthropometric measurements

were taken, weight and height were measured to the nearest 0.1 kg, and

—depending on study center—to the nearest 0.1, 0.5, or 1.0 cm,
respectively, with participants wearing no shoes. BMI was calculated as

kg×m22. WC was measured either at the narrowest torso circumference

(France; Italy; Utrecht, The Netherlands; Denmark) or at the midpoint

between the lower ribs and iliac crest (Bilthoven, The Netherlands;
Potsdam, Germany; Malmö, Sweden; Oxford general population, UK).

In Spain, Greece, Heidelberg (Germany), and Cambridge (UK), a

combination of methods was used, although most participants were
measured at the narrowest torso circumference (31). For this study, body

weight and WC were corrected to reduce heterogeneity due to protocol

differences in clothing worn during measurement. Briefly, for partici-

pants who were normally dressed and without shoes, 1.5 kg for weight

and 2.0 cm for WC were subtracted from the original measurement,

whereas for participants in light clothing and without shoes, 1 kg for
weight was subtracted (31).

Self-reported, instead of measured, anthropometric values were also

used in an additional 0.3% of the sample (n = 1419) for weight and

height and in an additional 0.2% of the sample (n = 990) for WC.
Data on WC were missing for 136,640 individuals (27.5% of the

sample). Most of these missing observations were from France, Norway,

and Umea (Sweden), where information on WC was not obtained; these

individuals were excluded from the analyses on WC.

Dietary assessment and modified-Mediterranean Diet Score.
Usual dietary intakes were measured using country-specific validated
questionnaires. Most centers adopted a self-administered FFQ of 88–266

food items. In Greece, all centers in Spain, and in Ragusa (Italy), the

questionnaire was administered at personal interviews. In Malmo

(Sweden) and the UK, a questionnaire method combined with a food
record over 7 or 14 d was used (27,29,34,35). Nutrient intakes were

calculated using food composition tables specific to the country (36).

Validation studies were conducted during the EPIC pilot phase to test the

reproducibility and validity of the dietary assessment methods used in
different EPIC countries. The reference method used in these validation

studies was 12 monthly 24-h recalls covering 1 calendar year. Most

centers also used plasma concentrations of vitamin C, vitamin E, and b-

carotene and 24-h urinary excretion of nitrogen as reference methods
(34,37).

For each participant, daily intakes (g) of vegetables, legumes, fruits

and nuts, cereals, fish and seafood, dairy products, meat and meat
products (including red meat, poultry, processed meat, game, and offals),

alcohol, SFA, monounsaturated fatty acids, PUFA, and fiber were

estimated. Also, total daily EI as well as percentage of energy provided

TABLE 1 Selected characteristics of the EPIC-PANACEA participants by sex and country1

Gender and country n Age BMI WC

High
educational

level2
High PA
level3

Current
smokers

Men y kg�m22 cm % % %

Greece 10,566 53.1 6 12.8 27.8 6 3.8 98.2 6 10.4 29.7 39.5 39.1

Italy 14,247 50.3 6 7.6 26.4 6 3.4 92.6 6 9.3 42.9 50.5 30.5

Spain 15,192 50.8 6 7.2 28.4 6 3.4 99.4 6 9.0 23.4 48.4 40.2

UK Healthy 10,636 46.7 6 15.1 24.4 6 3.4 88.1 6 7.7 67.4 47.5 16.7

UK General 13,146 59.1 6 9.3 26.2 6 3.3 93.6 6 9.7 26.8 37.1 12.6

Germany 22,265 52.6 6 7.6 27.0 6 3.6 95.5 6 10.1 47.7 48.9 24.4

The Netherlands 10,041 43.3 6 11.1 25.5 6 3.5 90.5 6 10.8 47.7 67.8 38.5

Denmark 26,558 56.6 6 4.4 26.6 6 3.6 96.0 6 9.9 36.0 59.6 37.4

Sweden 22,927 52.2 6 11.1 25.6 6 3.4 93.7 6 10.1 41.3 39.2 22.7

Total 145,578 52.4 6 10.2 26.5 6 3.6 94.7 6 10.2 42.4 49.5 29.2

Women

Greece 15,207 53.5 6 12.4 28.6 6 5.2 87.7 6 12.7 30.0 20.3 16.9

Italy 31,265 50.7 6 8.1 25.7 6 4.3 80.0 6 10.5 36.5 24.2 26.1

Spain 25,189 48.4 6 8.4 28.2 6 47 87.4 6 11.2 15.9 16.2 18.7

France 71,874 52.9 6 6.7 22.9 6 3.2 n.a.4 88.5 40.7 8.7

UK Healthy 36,452 43.9 6 14.3 23.5 6 3.7 72.8 6 8.0 59.0 43.0 10.0

UK General 18,872 57.1 6 9.3 25.7 6 4.4 79.6 6 10.9 21.2 29.1 11.8

Germany 29,447 49.4 6 9.0 25.7 6 4.7 81.0 6 11.6 34.5 44.4 18.4

The Netherlands 28,881 51.3 6 11.4 25.2 6 4.2 80.8 6 10.7 49.0 65.0 27.6

Denmark 29,191 56.8 6 4.4 25.6 6 4.4 82.1 6 11.2 22.1 57.2 31.5

Sweden 29,573 52.5 6 10.6 24.8 6 4.2 77.9 6 10.4 39.6 38.4 25.0

Norway 35,779 48.2 6 4.3 24.4 6 3.8 n.a.4 41.3 n.a. 31.3

TOTAL 351,730 51.1 6 12.4 24.9 6 4.4 80.5 6 11.5 49.2 39.4 19.5

1 Values are mean 6 SD.
2 High educational level means secondary school or university degree level.
3 High PA level means moderately active to active PA.
4 n.a., Not Available (no measurements of WC were taken in France and Norway; no measurements of PA were taken in Norway).
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by macronutrients (total proteins, carbohydrates, and lipids) and alcohol

were considered for the present study. Energy density was calculated for

each participant as daily EI (kJ) from foods only (excluding all
nonalcoholic beverages) divided by the total weight of food consu-

med (g).

Avariant of theMediterraneanDiet score constructed byTrichopoulou
et al. (6,13) with potentially wide applicability in non-Mediterranean

countries was used in the present study. This variant differs from the

original score, because it includes both monounsaturated fatty acids and

PUFA in its definition (instead of monounsaturated fatty acids only)
(12,14). The modified-Mediterranean Diet Score (mMDS) included 9

nutritional components characteristic of the Mediterranean dietary

pattern: some with a presumably beneficial effect on health (vegetables,

legumes, fruits and nuts, cereals, fish and seafood, ratio of the sum of
monounsaturated and polyunsaturated:saturated lipids, and moderate

alcohol consumption) and others with a presumably detrimental effect

(meat and meat products and dairy products). Values of 0 or 1 were
assigned to each component (except for alcohol intake, as indicated

below) using the sex- and center-specific medians among participants as

cutoff values (sex- and center-specific medians shown in Supplemental

Tables 1 and 2). Specifically, persons with a below-median consumption
of components with a presumably beneficial effect were assigned a value

of 0, whereas persons with consumption equal to or above the median

were given a value of 1. In contrast, persons with a below-median

consumption of components with a presumably detrimental effect were
assigned a value of 1, whereas persons whose consumption of these

components was equal to or above the corresponding median were given

a value of 0. For alcohol, a value of 1 was given to men whose
consumption of alcohol was from 10 to ,50 g/d and a value of 0

otherwise, whereas forwomen, the corresponding cutoffs were 5 and 25 g/d.

Thus, an mMDS, as both monounsaturated fatty acids and PUFA were

included in the numerator of the lipid ratio, was constructed to apply
across Europe. This score could take a value from 0 (minimal adherence

to the Mediterranean diet) to 9 (maximal adherence to the Mediterra-

nean diet) and was further categorized as low (0–3 points), medium (4–5
points), and high (6–9 points) adherence to the modified Mediterranean

diet.

Assessment of other covariates. Standard questionnaires were used
to collect information on the participants’ sociodemographic character-

istics and lifestyle variables (27). These variables were controlled for in

the present study, because they may be related both to dietary habits and

body fatness. Information on smoking status (never smoker, former
smoker, and current smoker), educational level (according to the

maximum achieved school level: primary school, technical school,

secondary school, and university degree), PA according to a validated PA
index (classified in 4 categories: inactive, moderately inactive, moder-

ately active, and active, derived from the cross-tabulation of PA at work

categorized as no or sedentary job, standing job, manual job, or heavy

manual job; and the nonworking activities of cycling and sport
categorized as no leisure PA, #0.5 h/d, .0.5 to #1 h/d, or .1 h/d)

(38), and menopausal status in women (premenopausal, perimeno-

pausal, and postmenopausal) were included as covariates in the present

study.

Statistical analyses. Data were analyzed separately for men and

women. Descriptive analysis relied on cross-tabulations, showing
percentages within groups for categorical variables as well as group

TABLE 2 Selected characteristics of the EPIC-PANACEA participants by sex and levels of mMDS category1

mMDS Category (score range):

Men Women

Low (0–3) Medium (4–5) High (6–9) P1 Low (0–3) Medium (4–5) High (6–9) P1

n 47,965 52,059 45,554 113,329 143,753 94,648

Age,2 y 52.1 6 10.7 52.3 6 10.2 52.9 6 9.7 ,0.0001 51.2 6 10.0 51.0 6 9.7 51.0 6 9.6 ,0.0001

BMI,2 kg�m22 26.6 6 3.7 26.5 6 3.6 26.4 6 3.6 ,0.0001 25.1 6 4.5 25.0 6 4.4 24.7 6 4.2 ,0.0001

WC,2 cm 95.1 6 10.5 94.7 6 10.2 94.3 6 10.0 ,0.0001 81.2 6 11.7 80.7 6 11.5 79.6 6 11.2 ,0.0001

EI,2 kJ/d 10,174 6 2688 10,581 6 2792 10,955 6 2701 ,0.0001 7292 6 2092 7757 6 2202 8197 6 2131 ,0.0001

Energy density,2,3 kJ/g 5.7 6 1.2 5.6 6 1.1 5.4 6 1.0 ,0.0001 5.6 6 1.1 5.4 6 1.0 5.2 6 0.9 ,0.0001

Proteins,2 % total energy 16 6 3 16 6 3 15 6 3 ,0.0001 17 6 3 17 6 3 16 6 3 ,0.0001

Carbohydrates,2 % total energy 42 6 8 43 6 7 44 6 7 ,0.0001 44 6 7 45 6 7 46 6 7 ,0.0001

Fat,2 % total energy 37 6 7 36 6 6 35 6 6 ,0.0001 37 6 6 36 6 6 35 6 6 ,0.0001

Alcohol,2 % total energy 6 6 8 6 6 6 6 6 5 ,0.0001 3 6 5 3 6 4 3 6 3 ,0.0001

Fiber,2 g/d 20 6 7 24 6 9 29 6 10 ,0.0001 19 6 6 23 6 7 27 6 8 ,0.0001

Vegetables,2 g/d 143 6 116 187 6 145 243 6 168 ,0.0001 163 6 108 218 6 140 279 6 156 ,0.0001

Legumes,2 g/d 13 6 24 16 6 28 19 6 31 ,0.0001 10 6 16 14 6 20 19 6 25 ,0.0001

Fruits and nuts,2 g/d 164 6 169 221 6 203 283 6 227 ,0.0001 195 6 159 256 6 190 322 6 202 ,0.0001

Cereals and products,2 g/d 217 6 114 254 6 125 293 6 131 ,0.0001 172 6 86 202 6 97 235 6 104 ,0.0001

Fish and seafood,2 g/d 25 6 25 35 6 33 47 6 39 ,0.0001 25 6 24 38 6 35 51 6 44 ,0.0001

Dairy products,2 g/d 413 6 289 337 6 267 274 6 230 ,0.0001 379 6 230 320 6 218 271 6 199 ,0.0001

Meat & products,2 g/d 129 6 68 126 6 70 121 6 71 ,0.0001 93 6 50 89 6 52 80 6 52 ,0.0001

Alcohol,2 g/d 20 6 28 21 6 24 22 6 19 ,0.0001 7 6 13 8 6 12 9 6 10 ,0.0001

Fatty acids ratio,4 1.4 6 0.4 l1.5 6 0.5 1.7 6 0.6 ,0.0001 1.3 6 0.4 1.5 6 0.5 1.7 6 0.5 ,0.0001

High educational level,5 % 36.0 39.3 43.6 ,0.0001 43.2 47.2 50.9 ,0.0001

High PA level,6 % 45.9 49.4 52.8 ,0.0001 35.3 39.2 44.4 ,0.0001

Current smokers, % 34.3 29.6 24.4 ,0.0001 22.2 19.5 16.8 ,0.0001

Plausible EI,7 % 61.2 64.9 70.0 ,0.0001 62.6 66.0 71.7 ,0.0001

1 Values are means 6 SD or %.
2 The level of significance (P-value) of the observed differences among group means was tested using 1-way ANOVA; differences in percentages among groups were tested using

chi-squared test.
3 Energy density was calculated as daily EI (kJ) from foods (excluding all nonalcoholic beverages) divided by the total weight of food consumed (g).
4 Sum of monounsaturated fatty acids and PUFA to SFA.
5 High educational level means secondary school or university degree level.
6 High PA level means moderately active to active PA.
7 Percentage of individuals with plausible EI according to their estimated BMR (method of Goldberg) (39).
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means and SD for the continuous ones. The level of significance of the

observed differences among group means was tested using 1-way

ANOVA; differences in percentages among groups were tested using
the chi-square test. Descriptive data on BMI, WC, and other covariates

by country and mMDS categories were presented.

The explanatory variable in models used in the present study was

adherence to a modified Mediterranean diet as measured by the mMDS;
outcome variables were general obesity measured by BMI and abdom-

inal fat mass measured by WC. The overall association between mMDS

and BMI or WC was modeled using multilevel mixed-effects linear

regression with random effect on both intercept and slope, taking into
account the clustering of the data within countries (level 3) and within

centers (level 2; individuals are the first level in the analyses).

We fit crude (univariate) and multivariate-adjusted models control-
ling for the following potential confounders (as fixed effects): age (in

years, continuous), educational level (categorical), PA level (categorical),

smoking status (categorical), height (in cm, continuous), and menopau-

sal status (in women only; categorical). There were participants with
missing values for PA level (13.7%) and educational level (1.2%). We

treated participants with missing data as a separate category for these 2

variables.

To take into account possible misreporting of EI, the ratio of reported
EI:predicted basal metabolic rate (EI:BMR) was calculated and partic-

ipants were classified as under-reporters (EI:BMR ,1.14), plausible

reporters (EI:BMR = 1.14–2.1), or over-reporters (EI:BMR .2.1) of EI

based on the cutoff points proposed by Goldberg (39). Misreporting of
EI (categorical variable: under-reporter, plausible reporter, over-reporter)

was included in the model as a confounder factor.

To account for the influence of BMI on WC, analyses on WC were
conducted with and without adjustment for BMI (in kg×m22, continu-

TABLE 3 Association between the mMDS and BMI in EPIC-PANACEA participants

Men Women

mMDS b1 95% CI P
P for

heterogeneity2 b1 95% CI P
P for

heterogeneity2

Model 1 20.01 (20.05 to 0.04) 0.731 20.03 (20.07 to 0.01) 0.108

Model 2 0.01 (20.03 to 0.05) 0.788 20.01 (20.04 to 0.02) 0.531

Model 3 0.03 (20.01 to 0.08) 0.127 0.04 (0.01 to 0.08) 0.011

Subgroup analyses

No illness3 20.00 (20.04 to 0.04) 0.863 20.02 (20.05 to 0.01) 0.174

Plausible EI4 0.01 (20.03 to 0.04) 0.752 20.01 (20.03 to 0.02) 0.697

Measured anthropometry5 0.01 (20.03 to 0.05) 0.780 20.01 (20.04 to 0.03) 0.654

Stratified analyses

By age group

,60 y old 20.00 (20.04 to 0.04) 0.949 0.002 20.01 (20.04 to 0.02) 0.425 0.354

$60 y old 0.01 (20.05 to 0.06) 0.837 20.01 (20.06 to 0.03) 0.569

By BMI category

,18.5 kg×m22 0.01 (20.02 to 0.04) 0.503 ,0.0001 0.01 (20.00 to 0.02) 0.116 0.005

18.5 – ,25 kg×m22 0.03 (0.01 to 0.04) , 0.0001 0.01 (0.00 to 0.02) 0.005

25 – ,30 kg×m22 20.01 (20.02 to 0.00) 0.182 20.01 (20.01 to 0.00) 0.216

$30 kg×m22 20.02 (20.04 to 0.00) 0.109 20.01 (20.04 to 0.01) 0.262

By region6

Southern Europe 0.04 (20.00 to 0.08) 0.051 0.023 0.01 (20.04 to 0.05) 0.799 0.434

Central Europe 20.03 (20.11 to 0.04) 0.419 20.03 (20.08 to 0.02) 0.255

Northern Europe 20.05 (20.12 to 0.02) 0.137 20.02 (20.06 to 0.02) 0.368

By PA7

Low PA 0.02 (20.03 to 0.07) 0.488 0.044 20.02 (20.05 to 0.02) 0.361 0.138

High PA 20.02 (20.05 to 0.02) 0.347 20.00 (20.04 to 0.04) 0.884

By region and PA

Southern Europe

Low PA 0.08 (0.03 to 0.12) 0.002 ,0.0001 20.00 (20.05 to 0.05) 0.978 0.899

High PA 20.00 (20.04 to 0.04) 0.917 0.02 (20.04 to 0.08) 0.487

Central Europe

Low PA 20.04 (20.13 to 0.05) 0.343 0.493 20.04 (20.09 to 0.02) 0.190 0.088

High PA 20.03 (20.09 to 0.04) 0.400 20.02 (20.07 to 0.03) 0.408

Northern Europe

Low PA 20.08 (20.14 to 20.03) 0.003 0.611 20.06 (20.12 to 0.01) 0.085 0.774

High PA 20.08 (20.16 to 20.01) 0.034 20.04 (20.07 to 0.01) 0.024

1 Increase or decrease in BMI per 1-unit increase in the mMDS; multilevel mixed-effects linear regression models. Model 1: Crude model;

Model 2: fully adjusted model (controlling for all potential confounders: age, educational level, PA level, smoking status, height, EI,

misreporting of EI, and menopausal status in women); Model 3: fully adjusted model without control for EI; models used in stratified

analyses and subgroup analyses correspond to MODEL 2 (fully adjusted model).
2 Test of heterogeneity among groups in the stratified analyses.
3 Analysis excluding participants with heart disease, stroke, diabetes mellitus, and/or cancer.
4 Analysis excluding over-reporters and under-reporters of EI (method of Goldberg) (39); in this model, misreporting of EI was not added as

a confounder factor.
5 Analyses excluding participants with self-reported anthropometry.
6 Countries by region: Southern Europe (Greece, Italy, and Spain), Central Europe (France, UK, Germany, The Netherlands), Northern

Europe (Denmark, Sweden, and Norway).
7 Low level of PA means inactive or moderately inactive; high PA means moderately active or active.
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ous). Also, given that closer adherence to the Mediterranean diet has
been linked to a high EI (25), models were conducted with and without

adjusting for total EI (kJ/d, continuous).

Sensitivity analyses were performed excluding participants with any
chronic disease at baseline (heart disease, stroke, diabetes mellitus, and/

or cancer), excluding misreporters of energy (according to the Goldberg

classification) (39) and those with self-reported anthropometric values.

Models were also run after stratification for the following variables:
age group (,60 y and $60 y), European region (Southern Europe,

Central Europe, and Northern Europe), BMI category (underweight

BMI, ,18.5 kg×m22, normal weight BMI, 18.5 to ,25 kg×m22,

overweight BMI, 25 to ,30 kg×m22, and obese BMI, $30 kg×m22),
and PA (grouped as low level of PA, inactive or moderately inactive, and

high level of PA, moderately active or active). Tests of heterogeneity
among different strata were obtained by adding interaction terms

between mMDS and the above-mentioned variables.

The extent of heterogeneity between the country-specific estimates of
association was tested by adding an interaction term between mMDS

and the variable denoting country in the model.

Country-specific associations between mMDS and BMI or WC were

estimated using general linear models (in countries with 1 center only) or
multilevel mixed-effects linear regression models (in countries with

several centers). The specification of the mixed models was dictated by

the interaction between mMDS and the variable denoting center; hence,

in countries in which the interaction was significant (P-value , 0.05),
linear mixed models with random effects on both intercept and slope

TABLE 4 Association between the mMDS and WC in EPIC-PANACEA participants

Men Women

mMDS b1 95% CI P
P for

heterogeneity2 b1 95% CI P
P for

heterogeneity2

Model 1 20.18 (20.33 to 20.03) 0.018 20.24 (20.37 to 20.10) ,0.0001

Model 2 20.09 (20.14 to 20.04) ,0.0001 20.06 (20.10 to 20.01) 0.010

Model 3 20.09 (20.14 to 20.04) ,0.0001 20.05 (20.10 to 20.01) 0.018

Model 4 20.08 (20.21 to 0.05) 0.209 20.08 (20.18 to 0.01) 0.081

Subgroup analyses

No illness3 20.09 (20.14 to 20.04) 0.001 20.06 (20.11 to 20.02) 0.010

Plausible EI4 20.09 (20.14 to 20.05) ,0.0001 20.05 (20.09 to 20.01) 0.019

Measured anthropometry5 20.09 (20.14 to 20.04) ,0.0001 20.06 (20.10 to 20.01) 0.010

Stratified analyses

By age group

,60 y old 20.09 (20.14 to 20.04) ,0.0001 0.838 20.06 (20.10 to 20.01) 0.021 ,0.0001

$60 y old 20.09 (20.16 to 20.02) 0.010 20.03 (20.09 to 0.04) 0.384

By BMI category

,18.5 kg×m22 0.18 (20.10 to 0.45) 0.213 ,0.0001 20.03 (20.11 to 0.06) 0.505 ,0.0001

18.5 – ,25 kg×m22 20.08 (20.13 to 20.03) 0.002 20.07 (20.10 to 20.04) ,0.0001

25 – ,30 kg×m22 20.09 (20.14 to 20.04) ,0.0001 20.07 (20.11 to 20.02) 0.003

$30 kg×m22 20.17 (20.25 to 20.09) ,0.0001 20.08 (20.15 to 0.00) 0.054

By region6

Southern Europe 20.06 (20.11 to 20.02) 0.009 0.009 20.01 (20.06 to 0.03) 0.613 ,0.0001

Central Europe 20.06 (20.16 to 0.05) 0.272 20.08 (20.15 to 20.02) 0.013

Northern Europe 20.20 (20.23 to 20.17) ,0.0001 20.17 (20.21 to 20.13) ,0.0001

By PA7

Low PA 20.11 (20.16 to 20.06) ,0.0001 0.298 20.06 (20.11 to 20.01) 0.015 0.546

High PA 20.08 (20.13 to 20.03) ,0.0001 20.06 (20.11 to 20.01) 0.020

By region and PA

Southern Europe

Low PA 20.07 (20.13 to 20.02) 0.004 0.506 20.02 (20.07 to 0.04) 0.553 0.354

High PA 20.05 (20.10 to 0.00) 0.057 0.01 (20.06 to 0.08) 0.739

Central Europe

Low PA 20.07 (20.17 to 0.03) 0.179 0.449 20.10 (20.19 to 20.01) 0.026 0.298

High PA 20.05 (20.13 to 0.03) 0.248 20.07 (20.13 to 20.01) 0.021

Northern Europe

Low PA 20.21 (20.26 to 20.17) ,0.0001 0.591 20.16 (20.22 to 20.11) ,0.0001 0.268

High PA 20.20 (-0.24 to 20.17) ,0.0001 20.19 (20.24 to 20.15) ,0.0001

1 Increase or decrease in WC per 1-unit increase in the mMDS; multilevel mixed-effects linear regression models. Model 1: Crude model;

model 2: fully adjusted model (controlling for all potential confounders: age, educational level, PA level, smoking status, height, EI,

misreporting of EI, menopausal status in women, and BMI); model 3: fully adjusted model without control for EI; model 4: fully adjusted

model without control for BMI; models used in stratified analyses and subgroup analyses correspond to model 2 (fully adjusted model).
2 Test of heterogeneity among groups in the stratified analyses.
3 Analysis excluding participants with heart disease, stroke, diabetes mellitus, and/or cancer.
4 Analysis excluding over-reporters and under-reporters of EI (method of Goldberg) (39); in this model, misreporting of EI was not added as

a confounder factor.
5 Analyses excluding participants with self-reported anthropometry.
6 Countries by region: Southern Europe (Greece, Italy, and Spain), Central Europe (France, UK, Germany, The Netherlands), Northern

Europe (Denmark, Sweden, and Norway).
7 Low level of PA means inactive or moderately inactive; high PA means moderately active or active.
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were used. When there was no evidence of heterogeneity among centers
(P-value for the interaction $ 0.05), the association was modeled

through mixed-effects linear regression with random effect on intercept

only.

The association between the mMDS and waist:hip ratio, adjusting
for BMI and the above-indicated confounders, was also estimated. The

observed association was very similar to that obtained in models

including WC as the outcome variable; therefore, these results are not

shown in the present study. In addition, models were analyzed using a

different version of the mMDS constructed using the sex-specific EPIC-

wide medians of calibrated dietary data. Overall, results obtained using
this version of the mMDS were similar in magnitude and direction and

therefore these are not shown in the present study.

A P-value , 0.05 was regarded as significant. All statistical analyses

were performed with the STATA statistical package 9.0.

Results

Among the countries participating in this study, Greece and
Spain had the highest mean BMI (~28 kg×m22 in both men and
women) and WC (.98 cm in men and 87 cm in women). The
lowest BMI and WC were in men and women from the UK
health conscious group and in women from France (Table 1).

BMI and WC were significantly lower in participants in the
highest category of the mMDS compared with those in the
lowest category (Table 2). Total EI, as well as the percentage of
plausible reporters of EI, significantly increased with increasing
mMDS category. Higher mMDS was inversely related to energy
density in both men and women. Men and women within the
highest category of the mMDS had a greater intake of carbo-
hydrates (expressed as percentage of energy) and fiber (g/d) and
a lower intake of proteins and fat (expressed as percentages of
energy) compared with those within the lowest category of the
mMDS. Alcohol consumption expressed either in g/d or in
percentage of total energy was higher in those with higher
mMDS compared with those with lower mMDS. Percentages of
men and women with high educational levels and high PA levels
were higher and the percentage of smokers was lower in those
with high mMDS compared with low mMDS.

The mMDS was not associated with BMI in either crude
(Table 3, model 1) or multi-adjusted (model 2) models. When EI
was excluded from the model (model 3), there was an overall
positive association in women. There was evidence of heteroge-
neity in the association of mMDS with BMI among age groups,
European regions, categories of BMI in men and women, and
levels of PA in men. In stratified analyses by European region and
level of PA, we observed a positive and significant association
between mMDS and BMI in men from Southern Europe with
low levels of PA; however, mMDS was unrelated to BMI in
Southern European men with a high level of PA.

The mMDS was inversely and significantly associated with
WC in both crude and fully adjusted analyses (Table 4, models
1 and 2); hence, for a given BMI, men and women had a lower
WC when they scored 1 point higher in their mMDS. There was
no change in the magnitude of the association between mMDS
and WC after excluding EI (model 3) in either men or women.
When BMI was not controlled for in the models assessing the
relationship between mMDS andWC (model 4), the direction of
the associations in both sexes was similar, although not
significant (P = 0.209 in men and P = 0.081 in women). The
inverse association between mMDS and WC was stronger in
men and women from Northern European countries and in
obese individuals; however, in additional analyses, we observed
that the stronger inverse association between mMDS and WC
among the obese was significant only in Central and Northern
European countries. In Southern Europe, the inverse association
between mMDS and WC was stronger among normal-weight
individuals and weaker among the overweight and obese
(Supplemental Table 3).

There was evidence of heterogeneity among the countries in
the association between mMDS and BMI in both men and
women (Fig. 1A) (P-value for heterogeneity , 0.0001); in men

FIGURE 1 Country- and sex-specific associations between the

mMDS and BMI (A) or WC (B) in EPIC-PANACEA participants. Effect

estimate (b) and 95% CI of the mMDS on BMI, derived by multilevel

mixed-effects linear regression and controlled for potential con-

founders: age, educational level, PA level, smoking status, height,

EI, misreporting of EI, and menopausal status in women only and BMI

for WC only.
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and women from the UK health conscious group, women from
the UK general population, men andwomen fromTheNetherlands
and Denmark, and in women from Norway, significant inverse
associations between mMDS and BMI were observed. The
association observed for all other countries was null or positive.
On the other hand, there was a significant inverse association
between mMDS and WC in men from most countries included
in this European study, except for Greece and Germany (Fig. 1B)
(P-value for heterogeneity among countries , 0.0001). In
women, significant inverse associations between mMDS and
WC were observed in UK (both general and health conscious
populations), The Netherlands, Denmark, and Sweden; in
women from Greece, a significant positive association was
observed (P-value for heterogeneity among countries, 0.0001).

To investigate heterogeneity of effects across countries, we
tested in post-hoc analyses the relationship of country-specific
variables (percentage of individuals with high educational level,
high PA level, and current smokers) with country-specific
estimates of the association between mMDS and BMI or WC,
using univariate and multivariate meta-regression modeling
(Supplemental Table 4). We observed that countries in which the
percentage of physically active individuals was higher tended to
have stronger inverse associations between the mMDS and
BMI (results from univariate meta-regression: P = 0.023 in
men and 0.081 in women) or WC (P = 0.078 in men and 0.037
in women). The association persisted in multivariate meta-
regression models.

Discussion

Adherence to a variant of the Mediterranean diet, which is high
in vegetables, legumes, fruits and nuts, cereals, fish and seafood,
and unsaturated fatty acids (in relation to saturated fat), together
with moderate alcohol consumption and low intake of meat and
meat products and dairy products, was not significantly associ-
ated with BMI in this cross-sectional study. However, an inverse
and significant association between mMDS and WC was
observed after adjustment for BMI in European men and
women. These results suggest that Mediterranean dietary
patterns of consumption may be related to body fat distribution.
Nevertheless, these overall estimates should be interpreted with
caution, given the observed heterogeneity among countries in the
associations between mMDS and BMI or WC.

The advantages of this study include its large sample size of
almost 500,000 individuals, the use of data of participants from
10 European countries with diverse dietary habits, and the use of
validated questionnaires. We used a priori defined dietary score
to study dietary patterns; this makes it possible to capture the
extremes of the exposure of interest and preempts nutritional
confounding (40). Also, sensitivity analyses were performed
excluding participants with self-reported anthropometric data
and those with a history of diabetes, cancer, heart disease, or
stroke. The main limitation of the study is its cross-sectional
design, thus limiting inference on the time sequence of the
association between Mediterranean diet and adiposity. In
addition, selection bias, recall bias, and residual confounding
might be present. Finally, although our dietary assessment
methods are validated, they do contain measurement errors.

It has been argued that diets with high lipid content, such as
the Mediterranean diet, may induce excess EI and hence weight
gain (19,41,42). However, other studies showed no conclusive
evidence that any specific macronutrient composition of the diet
affects body weight, as long as energy balance is maintained

(43–45). In this and other studies (8,25), the Mediterranean diet
score was associated with higher EI. Nevertheless, it may be
possible that this association is methodologically driven given
that, first, the fat intake of those with better adherence to the
Mediterranean diet was not higher than those with lower
mMDS, and second, EI was not corrected for when constructing
the score. However, if we consider Mediterranean diet score to
be inherently positively associated with EI, then control for EI
might not be a biologically optimal procedure (25). When EI was
not controlled for, women with a high mMDS also had a high
BMI score. There were no major changes in the results of the
association between mMDS and WC after excluding EI from
the models. The lower energy density and higher fiber content of
the Mediterranean diet may explain its inverse association with
central adiposity (17).

The results concerning Greece in this investigation differ
slightly from those previously reported (25). It should be noted
that the 2 studies differ in the following: inclusion and exclusion
criteria; subtraction in the present analysis of 1 kg from the
measured body weight to account for light clothing of the Greek
participants during weight measurement; calculation of the lipid
ratio in the Greek study as monounsaturated to saturated, as
contrasted to mono plus polyunsaturated to saturated used in
this analysis; utilization in this study of confounders that were
applicable to all participating centers; and the control for
misreporting of EI in the present study.

Other cross-sectional studies assessing the effect of a priori-
defined Mediterranean diet on measurements of obesity have
been conducted (10,21,22,24,26). Three of 5 studies found that
higher adherence to the Mediterranean diet was associated with
lower prevalence of overweight or obesity or with lower BMI
(10,21,24). In 2 of these studies, the association between
Mediterranean diet and waist:hip ratio was also estimated
(21,22) and in one of them, a significant inverse association was
observed (21). Results from cohort and intervention studies are
more consistent with a possible role of the Mediterranean diet in
preventing overweight/obesity (11,16,20,23,46). We observed
heterogeneity among European regions in the association
between adherence to theMediterranean diet and measurements
of body fatness. Reasons for such heterogeneity are difficult to
elucidate. The presence of reverse causality bias due to the high
prevalence of obesity in Southern Europe may be one plausible
explanation. It is possible that obese individuals have adopted
a particular diet composition (i.e. a healthier diet) as a conse-
quence of their obesity and/or its health complications. This
would involve an attenuation of the real association between the
mMDS and measurements of adiposity in Southern Europe, as
observed in this study. In addition, post hoc meta-regression
analyses showed that differences in the percentage of physically
active individuals among countries may also explain part of the
heterogeneity. In countries where the percentage of physically
active people was low, such as Mediterranean countries in
Southern Europe, mMDS was unrelated or positively associated
with measures of body fatness. Furthermore, an effect modifi-
cation of the association between mMDS and BMI was observed
in Mediterranean men; hence, the mMDS was associated with
high BMI only in Mediterranean men with low levels of PA,
whereas mMDS was unrelated to BMI in men with high levels of
PA. This observation would support the theory that the problem
of obesity in Greece and other Mediterranean countries is likely
to be related to limited PA in conjunction with excessive positive
energy balance brought about by the westernization of their diet
(4,25,47–49). On the other hand, promotion of the Mediterra-
nean diet as a model of healthy eating in non-Mediterranean
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countries may have led to changes in dietary patterns in certain
sectors of the population and may cluster with other healthy
lifestyles such as PA and maintenance of a healthy weight (49).
In conclusion, we observed that adherence to a Mediterranean
diet, modified to apply across Europe, which is rich in foods of
vegetable origin and unsaturated fatty acids, was associated with
lower WC in European men and women with diverse dietary
patterns after controlling for BMI, total EI, and other potential
confounders. The inverse association between mMDS and WC
generally was stronger in men and women from Northern
European regions who were overweight or obese. Therefore,
although appropriate energy balance is a crucial determinant of
body mass, results from this study suggest that specific compo-
sitions of the diet (i.e. food patterns in conformity with the
Mediterranean diet) may be linked to fat distribution. Never-
theless, given the limitations of this cross-sectional study, future
prospective studies are needed to confirm these results.
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