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Objective: The Southern European Atlantic Diet (SEAD) is the traditional diet of Northern Portugal and
Galicia, a region in northwest Spain. The SEAD has been associated with a lower risk of non-fatal acute
myocardial infarction, but the mechanisms of this association have not yet been investigated. Thus, we
examined the association between the SEAD and numerous biomarkers of coronary risk, blood pressure
and anthropometrics.
Methods: Cross-sectional study conducted in 2008e2010 among 10,231 individuals representative of the
population aged 18 years and older in Spain. Diet was assessed with a validated computerized diet
history. SEAD adherence was measured with an index including 9 food components (fresh fish, cod, red
meat and pork products, dairy products, legumes and vegetables, vegetable soup, potatoes, whole-grain
bread, and wine), which ranges from 0 (lowest adherence) to 9 (highest adherence). C-reactive protein,
uric acid, total cholesterol, LDL-cholesterol, HDL-cholesterol, triglycerides, glucose, glycated hemoglobin,
insulin, leptin, fibrinogen, were determined in 12-h fasting blood samples, while creatinine and urine
albumin were determined in urine.
Results: Mean SEAD score was 2.9 points (inter-quartile range 2e4 points). Higher SEAD adherence was
associated with a lower level of plasma C-reactive protein (adjusted difference in geometric means
between the highest and lowest SEAD quartiles �0.2 mg/l; p for trend <0.001), plasma triglycerides
(�3.4 mg/dl; p for trend 0.012), insulin (�0.5 mU/l; p for trend <0.001), HOMA-IR (�0.12; p for trend
<0.001), urine albumin (�0.8 mg/l; p for trend <0.001), urine albumin-creatinine ratio (�0.3 mg/g
creatinine; p for trend <0.034), and systolic blood pressure (�1.6 mm Hg; p for trend <0.001).
Conclusions: This study identifies possible mediators of the effect of SEAD on myocardial infarction,
because SEAD is associated with a lower concentration of markers of inflammation and with reduced
triglycerides, insulin, insulin resistance, and systolic blood pressure.

� 2012 Elsevier Ireland Ltd. All rights reserved.
1. Introduction

The Southern European Atlantic Diet (SEAD) is the traditional
diet of northern Portugal and Galicia, a region in northwest Spain.
The SEAD is characterized by high consumption of fish, red meat,
dairy products, vegetables and legumes, soups, potatoes, whole-
wheat bread and wine [1,2]. Food recipes are simple, and boiling
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and steaming are the main culinary techniques. The SEAD differs
from the traditional Mediterranean diet [3] in at least two impor-
tant aspects. First, unlike theMediterranean diet, the SEAD includes
a high intake of red meat, pork, and fish. Second, olive oil is not the
principal source of total fat in the SEAD, and nuts and fruit are not
prominent components of the diet. However, like the Mediterra-
nean diet, the SEAD is characterized by a high intake of vegetables
andwhole foods and bymoderatewine consumption duringmeals.

Recently Oliveira et al. reported that higher adherence to the
SEAD is associated with a lower risk of non-fatal acute myocardial
infarction (AMI) [4]. Wine, legumes and vegetables, whole-grain
bread, and dairy products were the food that contributed most to
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the reduced risk of AMI associated with the SEAD. However, the
mechanisms of the association between the SEAD and AMI have not
yet been investigated. Accordingly, this study examined the asso-
ciation between the SEAD and numerous biomarkers of coronary
risk, blood pressure and anthropometry in a representative sample
of the adult Spanish population.

2. Methods

2.1. Study design and participants

The data were taken from the Study on Nutrition and Cardio-
vascular Risk in Spain (ENRICA), whose methods have been re-
ported elsewhere [5]. Briefly, this was a cross-sectional study
conducted from June 2008 to October 2010 in 12,948 individuals
aged 18 years and over, who were selected by stratified cluster
sampling to achieve a representative sample of the non-
institutionalized Spanish population. The information on socio-
demographic and lifestyle variables was collected by telephone
interview. Two home visits were subsequently made. At the first
visit, samples of blood and urine were obtained, and at the second
visit a physical examination was conducted and dietary consump-
tion was collected. The overall response rate was 51%, which is
among the highest in population surveys with health examination
and collection of biological samples in Europe [6].

Study participants gavewritten consent. The studywas approved
by the Clinical Research Ethics Committee of the La Paz University
Hospital, Madrid and the Clinic Hospital of Barcelona, Spain.

2.2. Dietary assessment

Information on diet was collected with a computerized dietary
history developed from the one used in the EPIC-Spain cohort [7e
9]. The dietary history allows collection of information on 900 foods
and uses 127 sets of photographs to help quantify portion sizes. The
dietary information refers to a typical week, and all foods
consumed at least once every 15 days are recorded. Nutrient intake
was then calculated using composition tables for Spanish and
foreign foods [10e14].

2.3. SEAD adherence

To assess SEAD adherence we used an index that has been
described elsewhere [4]. The SEAD index includes the following 9
key components: 1) Fresh fish excluding cod, 2) Cod, 3) Red meat
and pork products, 4) Dairy products, 5) Legumes and vegetables, 6)
Vegetable soup, 7) Potatoes, 8) Whole-grain bread, and 9) Wine.
Each component (exceptwine)wasmeasured as g/1000kcal/day (to
express intake as energy density). Consumption of each food (except
wine) received a score of 1 if it was equal to or higher than the sex-
specificmedian, and 0 if it was lower. Forwine consumption, a score
of 1 was assigned when it was >0 to �1 glass/day in women and
>0 to �2 glasses/day in men. Higher or lower (i.e., none) wine
consumption was scored as 0. For each participant, the scores (0 or
1) for the 9 food components of the SEAD were summed; thus, the
index ranged from 0 (lowest adherence to SEAD) to 9.

2.4. Biomarkers of coronary risk, blood pressure and
anthropometry

Biomarkers of coronary risk were determined in 12-h fasting
blood samples. Laboratory tests of blood and urine were made with
the ADVIA 2400 Chemistry System Analyzer from Siemens in the
Center of Biological Diagnostics of the Clínic Hospital in Barcelona,
using standardized procedures and appropriate quality controls.
High-sensitivity C-reactive protein (hs-CRP) was measured by
latex-enhanced nephelometry and uric acid by the uricase-
peroxidase technique.

Total cholesterol was measured by an enzymatic method using
cholesterol-esterase and cholesterol-oxidase. High-density lipo-
protein cholesterol (HDL-c) was determined by the direct method,
by elimination/catalase. Low-density lipoprotein cholesterol (LDL-
c) was calculated by the Friedewald formula [15]. Triglycerides
were measured by the glycerol phosphate oxidase method.

Serum glucose was determined by the glucose oxidase method,
glycated hemoglobin by high performance liquid chromatography
(ADAMS A1c HA-8160 analyzer, Arkray), and insulin by immunor-
adiometric assay (IRMA). The index Homeostatic Model Assess-
ment for Insulin Resistance (HOMA-IR) was calculated by
multiplying glucose in mg/dl by insulin in mU/l and dividing by
405 [16].

Leptin was measured by enzyme-linked immunoassay (DBC,
Diagnosis Biochem Canada, Inc) and fibrinogen by the coagulation
method. Creatinine was determined by the Jaffé alkaline picrate
kinetic reaction, and albumin in urine by PEG enhanced
immunoturbidimetry.

Blood pressure was measured with validated automatic tensi-
ometers (Omron model M6), using cuff sizes appropriate for arm
circumference and following standardized procedures [17]. Two
sets of measurements were made, and in each set blood pressure
was measured three times 1e2 min apart, after the person had
rested for at least 3e5 min.

Weight, height, waist circumference and hip circumference
were also measured under standardized conditions [18]. Calibrated
electronic scales (Seca model 812, precision to 0.1 kg), portable
stadiometers (KaWe model 4444 Seca), and flexible measuring
tapes with buckle were used for these measurements. Body mass
index (BMI) was calculated by dividing weight in kg by height in m
squared.

2.5. Other variables

Educational level was assessed by the highest academic level
attained and was classified into three groups (primary, secondary
and university). Leisure-time physical activity was measured using
a validated questionnaire [19] and was expressed in metabolic
equivalent units (METs)-h/week [20]. Respondents were also asked
about their smoking habits. Former smokers were defined as those
individuals who reported not to smoke but to have done it in the
past. Among current smokers, the number of cigarettes smoked per
day was registered. Finally, individuals reported whether they had
been diagnosed by a physician with any of the following diseases:
acute myocardial infarction, stroke, heart failure, or cancer at any
site.

Adherence to the Mediterranean diet was assessed with the
index of Trichopoulou et al. [21,22] For the characteristic compo-
nents of this diet (vegetables, legumes, fruits and nuts, cereals, fish,
ratio of monounsaturated fatty acids to saturated fatty acids),
consumption below the sex-specific median received a score of 0,
and equal or greater consumption was scored as 1. Inverse scores
were used for components not characteristic of the Mediterranean
diet (meat, white meat, and dairy products). For alcohol intake,
a score of 1 was assigned to men who consumed 10e50 g/d and to
women who consumed 5e25 g/d. Accordingly, the Mediterranean
diet index ranged from 0 (lowest adherence) to 9.

2.6. Statistical analysis

Of the initial sample of 12,948 individuals, 12,042 provided
information on diet. Of these, 60 were excluded due to extreme
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energy intake (<800 kcal/d or>5000 kcal/d in men;<500 kcal/d or
>4000 kcal/d in women) [23] and 724 were excluded for lack of
information on physical activity, smoking or BMI. We also excluded
252 participants with cardiovascular disease (myocardial infarc-
tion, stroke or heart failure), 104 with cancer, and 668 with diabetes
(fasting serum glucose �126 mg/dl or in treatment with oral
antidiabetic agents or insulin). Thus, the main analyses were con-
ducted with 10,231 individuals. In analyses using hs-CRP, we
excluded 10 individuals with hs-CRP >10 mg/l because this level
may result from an acute clinical episode. In analyses using LDL-
cholesterol, we also excluded 4 individuals with triglycerides
>400 mg/dl because in these cases the Friedewald formula is not
appropriate.

To assess the study associations we used generalized linear
models, where biomarkers of coronary risk or blood pressure or
anthropometrics were the dependent variable, and the SEAD score
was the main independent variable. Several biomarkers did not
follow a normal distribution according to the Kolmogorove
Smirnov test. Thus, we used log-transformed plasma and urine
concentrations of biomarkers to achieve normal distributions. The
SEAD score was modeled in quartiles by using dummy terms.
Analyses were adjusted for sex, age, METS-h/week of physical
activity and BMI (as continuous variables), education (primary,
secondary, university), tobacco smoking (never, former, current
smoker of 1e14 cigarettes/d, current-smoker of �15 cigarettes/d),
and alcohol intake (<1, 1e4.9, 5.0e9.9, �10 g/d). The main results
are presented as the adjusted mean difference, and 95% confidence
interval (CI), in biomarkers, blood pressure and anthropometrics
between the highest and lowest quartile of the SEAD score. To test
for linear trend, the SEAD score was modeled as a continuous
variable. Lastly, to assess whether results varied with sex, we tested
interactions using a factorial analysis of variance.

Sensitivity analyses were performed to observe the influence of
adjusting for energy intake and for consumption of other
Table 1
Food and nutrient intake according to quartiles of the SEAD score in the adult Spanish p

Quartile of SEAD score

1 Mean (SD) 2 Me

0.8 (0.4) 2.0 (

Components of the SEAD score (g/1000 kcal/d)
Fresh fish 12.1 (12.3) 16.2
Cod 0.1 (0.7) 0.2 (
Red meat and pork products 36.2 (26.2) 42.0
Dairy products 106.1 (75.2) 126.8
Legumes and vegetables 74.8 (64.0) 106.6
Vegetable soup 0.2 (1.6) 0.6 (
Potatoes 16.2 (11.5) 19.7
Whole-grain bread 0.7 (7.8) 3.5 (
Wine 15.3 (62.6) 18.9

Energy (kcal/d) 2414.6 (708.6) 2270
Nutrients
Protein (% of energy) 15.7 (2.9) 17.1
Saturated fat (% of energy) 12.7 (3.9) 12.2
Monounsaturated fat (% of energy) 15.3 (3.7) 15.8
Linoleic acid (% of energy) 5.5 (2.2) 5.4 (
Alfa-linolenic acid (% of energy) 0.4 (0.2) 0.4 (
Omega-3 fatty acids from fish (% of energy) 0.2 (0.2) 0.3 (
Trans fat (% of energy) 1.0 (0.6) 1.0 (
Cholesterol (mg/d) 167.9 (69.9) 158.9
Sugars (% of energy) 17.7 (7.5) 17.4
Polysaccharides (% of energy) 26.6 (7.4) 25.3
Total carbohydrates (% of energy) 44.3 (8.1) 42.7
Ethanol (% of energy) 2.5 (5.4) 2.6 (
Fiber (g/d) 9.3 (3.2) 10.2
Calcium (mg/d) 356.2 (126.4) 392.0
Sodium (mg/d) 1341.2 (423.8) 1419
Folate (mg/d) 116.4 (45.2) 136.3

Quartile values of SEAD score: quartile 1 (lowest adherence), �1 point; quartile 2, 2 poi
commonly eaten foods not included in the SEAD index, such as
white meat, fruit and refined cereals. Furthermore, the analyses
were repeated without adjusting for either BMI or alcohol
consumption, as these could act as mediators of the study
associations.

Statistical significance was set at p < 0.05 (two tailed). Analyses
were performed with SAS System version 9.2 for Windows (SAS
Institute, Cary, NC).

3. Results

The mean SEAD score was 2.9 points (inter-quartile range 2e4
points). Adherence to the SEAD varied considerably in the study
sample, with the score ranging from <1 points in the lowest
quartile to �4 points in the highest quartile. The composition of
the SEAD in this study was comparable to that in Northern
Portugal, where the previous study on SEAD was conducted,
except for consumption of cod and vegetable soup, which was
low in Spain but fairly high in Portugal.4 Consumption of each of
the 9 food components of the SEAD increased with increasing
quartiles of the SEAD score (Table 1). A higher SEAD score was
also associated with small, but statistically significant, changes in
the intake of many nutrients. However, as expected, a substantial
change was observed for protein, omega-3 fatty acids from fish,
fiber, calcium and folate, whose intake increased across increasing
quartiles of SEAD adherence (Table 1).

Individuals with greater SEAD adherence were more frequently
men, older and more educated, did more leisure-time physical
activity, had a higher alcohol intake, and were less frequently
current smokers (Table 2).

In multivariable analyses, a greater adherence to the SEAD was
associated with a lower level of plasma hs-CRP (adjusted difference
in geometric means between the highest and lowest SEAD quartiles
�0.20mg/l; p for trend<0.001), plasma triglycerides (�3.39mg/dl;
opulation from the ENRICA study. N ¼ 10,231.

an (SD) 3 Mean (SD) 4 Mean (SD) p for trend

0) 3 (0) 4.5 (0.7) <0.0001

(16.3) 24.0 (19.8) 32.8 (21.6) <0.0001
1.3) 0.5 (2.5) 1.3 (3.4) <0.0001
(28.3) 41.9 (27.4) 46.3 (25.3) <0.0001
(83.7) 150.3 (99.0) 168.9 (95.2) <0.0001
(76.9) 136.3 (85.2) 154.1 (81.7) <0.0001

3.7) 1.5 (8.0) 4.9 (17.9) <0.0001
(15.0) 22.2 (17.7) 28.0 (20.0) <0.0001
18.7) 5.7 (19.8) 12.1 (25.5) <0.0001
(60.2) 20.8 (48.0) 26.7 (45.2) <0.0001
.1 (622.4) 2136.5 (619.9) 2020.6 (571.9)

(3.1) 18.3 (3.5) 19.8 (3.7) <0.0001
(3.4) 11.6 (3.2) 11.1 (2.8) <0.0001
(3.5) 15.9 (3.4) 15.8 (3.4) <0.0001
2.1) 5.3 (2.0) 5.1 (1.8) <0.0001
0.2) 0.5 (0.2) 0.5 (0.2) <0.0001
0.3) 0.4 (0.4) 0.5 (0.4) <0.0001
0.6) 0.9 (0.5) 0.8 (0.5) <0.0001
(57.2) 158.2 (53.8) 164.9 (50.3) 0.861

(6.4) 18.0 (6.2) 18.2 (5.6) 0.007
(6.8) 24.0 (6.4) 22.8 (5.8) <0.0001
(7.4) 42.0 (7.1) 41.0 (6.6) <0.0001
5.0) 2.6 (4.3) 2.7 (3.6) 0.183
(3.5) 11.3 (3.8) 11.9 (3.6) <0.0001
(142.5) 427.5 (157.1) 452.3 (142.5) <0.0001

.9 (498.0) 1385.8 (389.3) 1374.5 (387.6) 0.555
(48.5) 156.2 (56.2) 167.0 (52.3) <0.0001

nts; quartile 3, 3 points; quartile 4 (highest adherence), �4 points.



Table 2
Characteristics of study participants according to quartiles of the SEAD score in the adult Spanish population from the ENRICA study. N ¼ 10,231.

Quartile of SEAD score p for trend

1 2 3 4

n (%) 1550 (15.15) 2647 (25.88) 2904 (28.38) 3130 (30.60)
Males, % 44.1 49.8 47.3 50.4 <0.0001
Age (years), mean (SD) 40.1 (16.6) 42.4 (15.9) 46.8 (16.3) 49.6 (15.5) <0.0001
Education, % <0.0001
Primary 27.2 26.5 28.6 29.1
Secondary 48.5 45.7 41.7 39.8
University 24.4 27.7 29.7 31.1

Physical activity (MET-h/week), mean (SD) 27.8 (23.6) 28.7 (23.0) 28.7 (21.7) 29.8 (23.2) 0.004
Smoking status, % <0.0001
Never 48.6 49.6 48.7 51.8
Former 19.8 21.4 26.7 28.1
Current <14 cig/d 14.5 13.6 12.6 11.8
Current �15 cig/d 17.2 15.4 12.0 9.3

Alcohol intake (g/d), % <0.0001
<1 59.9 53.8 49.7 39.9
1e4.9 8.4 11.1 11.6 16.8
5.0e10.0 8.2 8.4 9.4 11.7
>10.0 23.6 26.8 29.3 31.7

Quartiles of SEAD score as in Table 1.
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p for trend 0.012), insulin (�0.50 mU/l; p for trend<0.001), HOMA-
IR (�0.12; p for trend <0.001), urine albumin (�0.84 mg/l; p for
trend <0.001), urine albumin-creatinine ratio (�0.30 mg/g creati-
nine; p for trend 0.034) and systolic blood pressure (�1.55 mm Hg;
p for trend <0.001) (Table 3). The results for systolic blood pressure
also hold when we excluded the 1279 individuals under antihy-
pertensive drug treatment (�1.54 mmHg; p for trend¼ 0.002). The
results were similar when the analyses were repeated without
adjustment for alcohol intake (wine intake is a component of the
SEAD) and BMI (a possible mediator in the pathway from SEAD to
Table 3
Plasma and urine concentrations of coronary risk biomarkers, blood pressure and anthro

N Quartile of SEAD score

1 Mean (95% CI) 2 Mean (95%

Biomarkers
Hs-CRP (mg/l)b,c 10177 1.46 (1.37e1.55) 1.36 (1.30e1
Uric acid (mg/dl)c 10189 5.02 (4.96e5.06) 5.02 (4.98e5
Total cholesterol (mg/dl)c 10185 192.45 (190.71e194.21) 192.79 (191
LDL-cholesterol (mg/dl)c 10089 116.35 (114.88e117.84) 117.62 (116
HDL-cholesterol (mg/dl)c 10185 51.98 (51.41e52.55) 51.79 (51.36
Total cholesterol/HDL-cholesterol 10185 3.83 (3.78e3.88) 3.86 (3.82e3
LDL-cholesterol/HDL-cholesterol 10089 2.36 (2.33e2.40) 2.41 (2.38e2
Triglycerides (mg/dl)c 10185 96.92 (94.76e99.14) 93.59 (92.00
Glucose (mg/dl)c 10103 89.32 (88.76e89.89) 88.76 (88.33
Glycated hemoglobin (%)c 10144 4.64 (4.63e4.66) 4.63 (4.62e4
Insulin (mU/l)c 10179 7.55 (7.34e7.77) 7.62 (7.46e7
HOMA-IR 10093 1.67 (1.61e1.72) 1.68 (1.64e1
Leptin (ng/ml)c 10182 12.33 (11.92e12.75) 12.31 (12.00
Fibrinogen (g/l)c 10073 3.32 (3.29e3.35) 3.32 (3.30e3
Creatinine (mg/dl)c 10187 0.84 (0.84e0.85) 0.84 (0.84e0
Urine albumin (mg/l)c 10144 6.69 (6.38e7.01) 6.49 (6.26e6
Urine albumin-creatinine ratio

(mg/g creatinine)c
10142 5.21 (5.00e5.44) 5.06 (4.90e5

Blood pressure
Systolic blood pressure (mm Hg) 10149 128.20 (127.48e128.92) 127.44 (126
Diastolic blood pressure (mm Hg) 10149 75.53 (75.07e75.99) 75.41 (75.07
Anthropometrics
Body mass index (kg/m2) 10231 26.43 (26.21e26.64) 26.63 (26.47
Waist circumference (cm) 10208 89.86 (89.55e90.17) 89.57 (89.34
Waist-to-hip ratio 10202 0.871 (0.868e0.874) 0.869 (0.866

CI: Confidence interval. Quartiles of SEAD as in Table 1.
a Values are adjusted for sex, age, education (primary, secondary, university), MET

current � 15 cig/d), alcohol intake (<1, 1e4.9, 5.0e9.9, �10.0 g/d) and BMI.
b Individuals with C-reactive protein �10 mg/l were excluded.
c Geometric mean.
coronary risk biomarkers and blood pressure). Moreover, the
results did notmaterially change after controlling for energy intake,
and for consumption of white meat, fruit and refined cereals (data
not shown). Results were also similar in men and women, except
for insulin and HOMA-IR that reached statistical significance only
among women (p for interaction <0,0001) (Online Supplement
Tables 1 and 2).

Since the consumption of cod and vegetable was low, we
replicated the analyses using a SEAD score which excluded these
two food items. Results were similar to those using the full SEAD
pometrics according to quartiles of the SEAD score.a

p for trend

CI) 3 Mean (95% CI) 4 Mean (95% CI)

.42) 1.29 (1.24e1.35) 1.26 (1.21e1.31) <0.001

.06) 5.00 (4.96e5.04) 5.06 (5.02e5.10) 0.077
.46e194.12) 194.15 (192.89e195.42) 194.32 (193.09e195.57) 0.105
.49e118.76) 118.16 (117.09e119.24) 118.46 (117.41e119.53) 0.074
e52.22) 52.40 (51.99e52.97) 52.22 (51.82e52.63) 0.148
.90) 3.84 (3.81e3.88) 3.86 (3.83e3.90) 0.714
.44) 2.39 (2.37e2.42) 2.41 (2.38e2.43) 0.344
e95.21) 93.66 (92.16e95.19) 93.53 (92.06e95.03) 0.012
e89.18) 89.02 (88.62e89.42) 88.50 (88.11e88.86) 0.071
.65) 4.64 (4.63e4.65) 4.63 (4.62e4.65) 0.820
.79) 7.39 (7.23e7.54) 7.05 (6.91e7.20) <0.001
.72) 1.63 (1.60e1.67) 1.55 (1.51e1.58) <0.001
e12.63) 12.43 (12.14e12.73) 12.02 (11.74e12.31) 0.469
.34) 3.31 (3.29e3.33) 3.30 (3.28e3.32) 0.305
.85) 0.84 (0.84e0.85) 0.85 (0.84e0.85) 0.159
.73) 6.18 (5.96e6.40) 5.85 (5.66e6.05) <0.001
.23) 5.12 (4.97e5.28) 4.91 (4.77e5.06) 0.034

.90e127.99) 127.73 (127.22e128.24) 126.65 (126.14e127.15) <0.001
e75.76) 75.63 (75.29e75.96) 75.47 (75.16e75.80) 0.817

e26.80) 26.65 (26.49e26.80) 26.70 (26.55e26.85) 0.083
e89.81) 89.42 (89.20e89.64) 89.47 (89.25e89.69) 0.117
e0.872) 0.877 (0.865e0.870) 0.868 (0.866e0.870) 0.216

-h/week of physical activity, smoking status (never, former, current 1e14 cig/d,



P. Guallar-Castillón et al. / Atherosclerosis 226 (2013) 502e509506
score. Specifically, the adjusted difference in geometric means
between the extremes SEAD quartiles were �0.18 mg/l (p for trend
<0.001) for hs-CRP, �4.1 mg/dl (p for trend 0.003) for triglycerides,
�0.60 mU/l (p for trend <0.001) for insulin, �0.14 (p for trend
<0.001) for HOMA-IR, �0.7 mg/l (p for trend <0.001) for urine
albumin, �0.20 mg/g creatinine (p for trend <0.467) for the urine
albumin-creatinine ratio, and �1.8 mm Hg (p for trend <0.001) for
systolic blood pressure.

In secondary analyses, we aimed to identify individual food
components of the SEAD which could contribute to the association
between SEAD and lower biomarkers of coronary risk. Fish, legume
and vegetable consumption were associated with statistically
significant lower levels of plasma hs-CRP, and fish consumption
was related to reduced plasma triglycerides. Lastly, cod, legume and
vegetable consumption were linked to lower urine albumin, urine
albumin-creatinine ratio and systolic blood pressure (data not
shown).

Finally, to place the association between the SEAD and coronary
risk into the context of what can be expected from a healthy diet,
we calculated the Mediterranean diet index, and replicated the
analyses replacing the SEAD score with the Mediterranean diet
score. Hs-CRP, urine albumin, insulin and systolic blood pressure
decreased with increasing adherence to the Mediterranean diet;
furthermore, the difference in the values of these variables between
the highest and lowest quartiles of the Mediterranean diet
(�0.15 mg/dl for hs-CRP, �0.46 mU/l for insulin, �0.10 for HOMA-
IR, �0.77 mg/l for urine albumin, �0.27 mg/g for the albumin/
creatinine ratio, and �1.28 mm Hg in systolic blood pressure) was
similar to that observed for the SEAD (Table 4). However, no asso-
ciation was observed for triglycerides, although there was a reduc-
tion in creatinine and BMI with increasing adherence to the
Mediterranean diet. Lastly, the results were similar in men and
Table 4
Plasma and urine concentrations of coronary risk biomarkers, blood pressure and anthro

N Quartile of Mediterranean diet score

1 Mean (95% CI) 2 Mean (95%

Biomarkers
Hs-CRP (mg/l)b,c 10177 1.41 (1.35e1.46) 1.26 (1.20e
Uric acid (mg/dl)c 10189 4.99 (4.96e5.03) 5.00 (4.95e
Total cholesterol (mg/dl)c 10185 192.45 (191.30e193.60) 194.24 (192
LDL-cholesterol (mg/dl)c 10089 116.97 (116.00e117.95) 118.55 (117
HDL-cholesterol (mg/dl)c 10185 51.66 (51.29e52.03) 52.10 (51.62
Total cholesterol/HDL-cholesterol 10185 3.86 (3.83e3.89) 3.87 (3.83e
LDL-cholesterol/HDL-cholesterol 10089 2.40 (2.37e2.42) 2.40 (2.37e
Triglycerides (mg/dl)c 10185 95.18 (93.78e96.60) 94.74 (92.96
Glucose (mg/dl)c 10103 88.51 (88.14e88.87) 8.86 (88.39e
Glycated hemoglobin (%)c 10144 4.63 (4.62e4.64) 4.64 (4.62e
Insulin (mU/l)c 10179 7.60 (7.46e7.74) 7.30 (7.13e
HOMA-IR 10093 1.67 (1.63e1.70) 1.61 (1.57e
Leptin (ng/ml)c 10182 12.47 (12.20e12.75) 12.00 (11.67
Fibrinogen (g/l)c 10073 3.32 (3.30e3.34) 3.33 (3.30e
Creatinine (mg/dl)c 10187 0.85 (0.84e0.85) 0.84 (0.84e
Urine albumin (mg/l)c 10144 6.58 (6.37e6.78) 6.30 (6.06e
Urine albumin-creatinine ratio

(mg/g creatinine)c
10142 5.19 (5.04e5.33) 5.14 (4.96e

Blood pressure
Systolic blood pressure (mm Hg) 10149 127.92 (127.45e128.39) 127.44 (126
Diastolic blood pressure (mm Hg) 10149 75.40 (75.09e75.70) 75.75 (75.36
Anthropometrics
Body mass index (kg/m2) 10231 26.87 (26.73e27.01) 26.76 (26.58
Waist circumference (cm) 10208 89.47 (89.27e89.68) 89.70 (89.45
Waist-to-hip ratio 10202 0.867 (0.865e870) 0.870 (0.867

CI: Confidence interval. Quartiles of the Mediterranean diet: quartile 1 (lowest adherence
�6 points.

a Values are adjusted for sex, age, education (primary, secondary, university), MET
current � 15 cig/d), alcohol intake (<1, 1e4.9, 5.0e9.9, �10.0 g/d) and BMI.

b Individuals with C-reactive protein �10 mg/l were excluded.
c Geometric means.
women, except for CRP (p for interaction ¼ 0.007) and HOMA-IR (p
for interaction ¼ 0.035) that reached significance only among
women (Online Supplement Tables 3 and 4).

4. Discussion

Our results show that higher SEAD adherence is associated with
lower concentrations of hs-CRP, triglycerides and insulin, lower
insulin resistance, and lower urine albumin and systolic blood
pressure. Accordingly, they identify possible intermediate variables
in the association between SEAD and lower risk of non-fatal AMI.

Adherence to the SEAD among the study participants was
moderate, once we account for the fact that SEAD has been defined
as a “traditional” dietary pattern. Thus, certain deviations from this
pattern can be expected because of changes in lifestyles related to
socioeconomic development, the progressive incorporation of
women to paid job, and the relative changes in the price of the food
components of SEAD over time. Nevertheless, Table 1 showed that
consumption of all food components of the SEAD was fairly high
with the exception of cod and vegetable soup, but it was
compensated by a substantial consumption of fresh fish and
legumes and vegetables.

Atheromatosis is an inflammatory disease [24]. CRP is a marker
of inflammation and, although its specific function is not well
known, it appears to exacerbate tissue damage in individuals with
a substantial volume of damaged tissue [25]. Numerous prospective
studies have shown a modest association between CRP and the risk
of ischemic heart disease and other forms of cardiovascular disease
[26,27]. However, a recent Mendelian randomization analysis
including 200,000 subjects did not find that CRP was associated
with other cardiovascular risk factors or with coronary heart
disease (CHD) [28]. Thus, the causal role of CRP in CHD has been
pometrics according to quartiles of the Mediterranean diet scorea.

p for trend

CI) 3 Mean (95% CI) 4 Mean (95% CI)

1.33) 1.31 (1.25e1.38) 1.26 (1.20e1.33) <0.001
5.04) 5.09 (5.04e5.14) 5.05 (5.01e5.09) <0.001
.76e195.72) 194.43 (192.93e195.94) 194.08 (192.65e195.53) 0.048
.28e119.84) 118.09 (116.87e119.32) 118.09 (116.87e119.32) 0.131
e52.58) 52.82 (52.33e53.32) 52.26 (51.79e52.73) 0.010
3.91) 3.82 (3.78e3.86) 3.85 (3.82e3.89) 0.532
2.44) 2.38 (2.35e2.41) 2.40 (2.37e2.43) 0.962
e96.55) 92.19 (90.44e93.98) 93.52 (91.80e95.26) 0.104
89.33) 89.38 (88.90e89.86) 88.85 (88.39e89.31) 0.063

4.65) 4.65 (4.63e4.66) 4.64 (4.62e4.65) 0.258
7.48) 7.28 (7.11e7.46) 7.14 (6.98e7.32) <0.001
1.65) 1.61 (1.57e1.65) 1.57 (1.54e1.61) <0.001
e12.34) 12.36 (12.02e12.72) 12.08 (11.75e12.41) 0.122
3.36) 3.30 (3.27e3.32) 3.30 (3.27e3.32) 0.270
0.85) 0.85 (0.84e0.85) 0.84 (0.83e0.84) 0.022
6.56) 6.06 (5.82e6.32) 5.81 (5.59e6.04) <0.001
5.32) 5.05 (4.87e5.23) 4.92 (6.98e7.32) <0.001

.84e128.04) 127.28 (126.66e127.89) 126.64 (126.05e127.22) 0.007
e76.13) 75.76 (75.36e76.15) 75.26 (74.88e75.64) 0.621

e26.95) 26.45 (26.27e26.63) 26.28 (26.10e26.45) <0.001
e89.96) 89.60 (89.33e89.86) 89.46 (89.20e89.71) 0.934
e873) 0.869 (0.867e0.872) 0.868 (0.865e870) 0.256

), �3 points; quartile 2, 4 points; quartile 3, 5 points; quartile 4 (highest adherence),

-h/week of physical activity, smoking status (never, former, current 1e14 cig/d,



P. Guallar-Castillón et al. / Atherosclerosis 226 (2013) 502e509 507
questioned. Nonetheless, statin treatment has shown a reduction in
cardiovascular events among patients without hypercholesterol-
emia but with elevated CRP; furthermore, the reduced coronary
risk was associated with the reduction in CRP with statins [29].

Regardless of the specific role of CRP in the pathogenesis of CHD,
the lower concentration of CRP associated with the SEAD suggests
that this dietary pattern may reduce CHD by means of an anti-
inflammatory mechanism. Other heart-healthy dietary patterns,
like the Prudent pattern, resulting from a factorial analysis in the
Nurses’ Health Study I [30], or the Mediterranean diet [31] have
been associated with lower CRP concentrations. Like these dietary
patterns, the SEAD is rich in folate and vitamin C from vegetables,
and in omega-3 fatty acids from fish, which have also been asso-
ciated with lower hs-CRP [32].

In our study, the reduction of CRP between extreme quartiles of
the SEAD score was modest (�0.2 mg/l). This reduction was similar
to that observed in quintiles of the Prudent diet in the Nurses’
Health Study I [30], and somewhat less than that observed in
a clinical trial with the Mediterranean diet supplemented with
olive oil in comparison to a low-fat diet (�0.54mg/l) [31]. However,
it should be noted that in a meta-analysis of observational studies,
a three-fold higher than usual CRP concentration was associated
with a 36% excess risk of CHD [26]. Thus the reduction in CRP could
make only a small contribution to the reduced risk of AMI associ-
ated with the SEAD.

There is increasing evidence that elevated triglycerides are not
only a marker of cardiovascular risk but also a risk factor inde-
pendent of HDL-c and LDL-c [33,34]. In our study we observed
a difference of �3.4 mg/dl between the quartiles of highest and
lowest adherence to the SEAD. Therefore, the effect of the SEAD on
triglycerides is small, although it is similar to what is achieved by
losing 2 kg [35]. The Mediterranean diet [36] and the OmniHeart
diet [37], which like the SEAD are rich in fiber, protein and unsat-
urated fat, also slightly reduce triglycerides. Furthermore, there is
evidence that the omega-3 fatty acids from fish, which are rich in
the SEAD, reduce triglycerides [38]. In our analyses we have seen
that fish consumption increased greatly with increasing quartiles of
the SEAD score, and that fish consumption was associated with
a lower triglyceride level.

In our study, serum insulin decreasedwith increasing adherence
to the SEAD. In a subsample of 466 men from the Health Profes-
sionals Follow-up Study, the investigators also observed a negative
correlation between adherence to the Prudent dietary pattern and
the serum insulin level [39]. In the same way, prolonged adherence
to a Mediterranean-style diet is accompanied by reduced insulin
and improved insulin sensitivity [40]. Furthermore, various
components of the SEAD like consumption of whole grains and
intake of omega-3 fatty acids from fish have also been associated
with reduced insulin [41,42].

There is evidence from population-based studies that albumin-
uria is an independent risk factor for CHD.Moreover, the strength of
the association is similar to that of the classical cardiovascular risk
factors [43]. Albumin in urine reflects widespread early vascular
disease and abnormal endothelial function. Accordingly, our results
showing a lower urine albumin associated with the SEAD suggest
that this dietary pattern may have a role in preventing endothelial
dysfunction, a key step in the pathogenesis of atheromatosis.
Nevertheless, the magnitude of the associationwas small (�1mg/l)
when compared with the level required for a clinical diagnosis of
albuminuria (>30 mg/dl). As expected, results for the urine
albumin-creatinine ratio were in line with those for urine albumin.

Blood pressure is a well established risk factor for CHD. The
difference in blood pressure between the highest and lowest
quartile of the SEAD score was �1.6 mm Hg. Although the magni-
tude of the association is small, it may be important at the
population level and is similar to the effect of interventions based
on counseling and education to improve hygiene and dietary habits
in the general population [44]. Moreover, the association between
the SEAD score and systolic blood pressure is comparable to that of
other healthy dietary patterns like the Mediterranean diet [36]. Our
results are biologically plausible, since the SEAD is rich in foods that
have been shown to reduce blood pressure, such as legumes and
vegetables, and dairy products [45]. In addition, better adherence to
the SEAD was not associated with higher sodium intake (Table 1).

Of note is that although the associations between the SEAD and
CRP, triglycerides, urine albumin, and blood pressure are small, the
cumulative effects of SEAD on all of these biomarkers (and in turn
on CHD) are likely to be greater than those expected from its
association with a single factor because of the well known syner-
gistic effect of cardiovascular risk factors.

Differences between men and women in results for certain
biomarkers (e.g., insulin and insulin resistance) should be repli-
cated in future research, because they were not part of hypotheses
formulated a priori; moreover, some sex-differences are to be ex-
pected just by chance because we have performed a large number
of analyses.

Lastly, in a previous study we observed that the effect of the
SEAD in reducing the risk of non-fatal AMI was close to that
observed for the Mediterranean diet [4]. In fact, there is a certain
overlap between the SEAD and the Mediterranean diet because the
Pearson correlation between the SEAD score and the Trichopoulou
indexwas 0.23. It is indeed reassuring to know that the associations
between the SEAD score andmarkers of CHD risk are comparable to
those for the Mediterranean diet, although the latter diet was also
linked to lower serum creatinine and BMI.

4.1. Study limitations and strengths

Our study has some limitations. The main one is the cross-
sectional design which does not allow for causal inference.
Furthermore, although the diet was measured with a validated
dietary history, some recall error is possible. Also, diet was
measured only once, which may have underestimated the study
associations (regression dilution bias). An additional limitation is
that both the SEAD score and the Mediterranean diet index were
calculated using population-specific cut-off points (the population
median), so that they only serve to categorize study participants
according to the degree of adherence to each dietary pattern;
however, they do not represent an absolute measure of the
adherence to the SEAD or theMediterranean diet in any population,
and cannot be used to compare adherence to these diets between
populations. Moreover, only one measurement was made of CHD
biomarkers, blood pressure and anthropometry, which may have
affected the results for biomarkers with the highest intra-
individual variability, like triglycerides and urine albumin. Lastly,
results were based on a variable number of individuals, which
ranged from 10231 for BMI to 10073 for fibrinogen determination.
This variation was mostly due to refusals in the physical examina-
tion and to problems in the manipulation and laboratory deter-
minations in biological samples.

Among the study strengths are the large sample size which is
representative of the adult population of an entire country.
Furthermore, the laboratory tests were performed in a central
laboratory, which reduces their variability. Lastly, the analyses were
controlled for many potential confounding factors.

5. Conclusion

This study suggests mediators of the effect of the SEAD in the
prevention of myocardial infarction, since SEAD is associated with
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a lower concentration of markers of inflammation, and with
reduced triglycerides, insulin, insulin resistance, and systolic blood
pressure.
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