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Background: Epidemiological studies suggest that the
Mediterranean diet (MedDiet) may reduce the risk of de-
veloping the metabolic syndrome (MetS). We com-
pared the 1-year effect of 2 behavioral interventions to
implement the MedDiet vs advice on a low-fat diet on
MetS status.

Methods: A total of 1224 participants were recruited from
the PREDIMED (Prevencion con Dieta Mediterranea)
Study, a multicenter, 3-arm, randomized clinical trial to
determine the efficacy of the MedDiet on the primary pre-
vention of cardiovascular disease. Participants were older
subjects at high risk for cardiovascular disease. Inter-
ventions were quarterly education about the MedDiet
plus provision of either 1 L/wk of virgin olive oil
(MedDiet+VOO) or 30 g/d of mixed nuts
(MedDiet + nuts), and advice on a low-fat diet (control
diet). All diets were ad libitum, and there was no in-
crease in physical activity for any of the interventions.
Lifestyle variables and MetS features as defined by the
National Cholesterol Education Program Adult Treat-
ment Panel III criteria were assessed.

Results: At baseline, 61.4% of participants met criteria
for the MetS. One-year prevalence was reduced by 6.7%,
13.7%, and 2.0% in the MedDiet + VOO, MedDiet + nuts,
and control diet groups, respectively (MedDiet + nuts
vs control groups, P=.01; MedDiet + VOO vs control
group, P =.18). Incident rates of the MetS were not sig-
nificantly different among groups (22.9%, 17.9%, and
23.4%, respectively). After adjustment for sex, age, base-
line obesity status, and weight changes, the odds ratios
for reversion of MetS were 1.3 (95% confidence inter-
val, 0.8-2.1) for the MedDiet + VOO group and 1.7 (1.1-
2.6) for the MedDiet + nuts group compared with the con-
trol diet group.

Conclusion: A traditional MedDiet enriched with nuts
could be a useful tool in the management of the MetS.

Trial Registration: clinicaltrials.gov Identifier:
ISRCTN35739639).
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HE METABOLIC SYNDROME
(MetS) is a constellation of
metabolic abnormalities
that includes abdominal
obesity, dyslipidemia, el-
evated blood pressure, and hyperglyce-
mia, all of which are well-documented risk
factors for cardiovascular disease (CVD).
The National Cholesterol Education Pro-
gram’s Adult Treatment Panel IIT (ATP III)
recommends identification and treat-
ment of this high-risk condition and pro-
vides a simple set of diagnostic criteria.?
The MetS components separately in-
crease the risk of diabetes mellitus, CVD,
and all-cause mortality, but the full syn-

drome is associated with risk increases
that are greater than the sum of those in-
curred by each each feature.’ The preva-
lence of the MetS is increasing, affecting
almost one-fourth of the global adult popu-
lation, in direct relation to the global epi-
demic of obesity and diabetes mellitus.* As
such, the MetS is becoming a major pub-
lic health problem worldwide.’

Development of the MetS depends on
a complex interaction between still largely
unknown genetic determinants and envi-
ronmental factors, including dietary
patterns.®

Epidemiological studies suggest that
unhealthy diets (ie, Western-style di-
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1487 Assessed for eligibility

101 Did not meet inclusion criteria
72 Declined to participate

21 Felt unable to change diet
29 Were not included for other reasons

l

|

419 Evaluable participants at baseline
assigned MedDiet + VOO

423 Evaluable participants at baseline
assigned MedDiet + nuts

422 Evaluable participants at baseline
assigned control diet

1 Developed stroke

1 Died of cancer

7 Declined follow-up

1 Withdrew for other reasons

1 Died of cancer
2 Died of acute coronary
event
1 Developed stroke
12 Declined follow-up

2 Did not tolerate nuts

1 Died of cancer

1 Had an acute coronary event
6 Declined follow-up

2 Withdrew for other reasons

409 Evaluable participants

at 1 year at 1 year

411 Evaluable participants

404 Evaluable participants
at 1 year

Figure 1. Flowchart of study participants. MedDiet indicates Mediterranean diet; VOO, virgin olive oil.

etary patterns) promote the MetS, whereas diets rich in
fruits, vegetables, grains, fish, and low-fat dairy prod-
ucts have a protective role.®® Recently, 2 studies con-
ducted in southern European populations showed that
greater adherence to the Mediterranean diet (MedDiet),
a reputedly healthy dietary pattern,'® was also associ-
ated with reduced prevalent'! and incident'? MetS. To our
knowledge, only 3 feeding trials have assessed the effect
of dietary patterns on MetS status to date.>*° These stud-
ies used a behavioral program to implement a relatively
low-fat MedDiet," intensive lifestyle intervention with
inclusion of a vegetable-rich diet restricted in animal fat,**
and the Dietary Approaches to Stop Hypertension eat-
ing plan," in comparison with standard advice. In all of
these studies, a decreased prevalence of MetS was shown
among the intervention groups. Of note, energy intake
was reduced in the intervention arms, and substantial
weight loss was achieved.* "

The traditional MedDiet is characterized by a high in-
take of cereals, vegetables, fruits, and olive oil; a moder-
ate intake of fish and alcohol, mostly wine; and a low in-
take of dairy products, meats, and sweets.' The MedDiet
is a high-fat, high—unsaturated-fat food pattern because ol-
ive oil is used abundantly as culinary fat and for dressing
dishes, which facilitates intake of substantial quantities of
vegetables. Nuts are another high-fat, high—unsaturated-
fat food commonly consumed in the MedDiet. Evidence
from epidemiological and clinical studies suggests that regu-
lar nut intake might have a positive effect on adiposity,
insulin resistance, and other metabolic disturbances linked
to the MetS.'*'" An ad libitum (without energy restric-
tion), high-fat MedDiet, as traditionally followed in Medi-
terranean countries, has not been tested for effects on the
MetS. Therefore, we compared the 1-year effect on MetS
status of behavioral intervention with 2 high-fat MedDiets,
one supplemented with virgin olive oil (VOO) and an-
other supplemented with mixed nuts, with that of advice

on a low-fat diet in volunteers at high risk for CVD; all
diets were ad libitum.

B METHODS B

PATIENTS

The study included participants recruited into the PREDIMED
(Prevencion con Dieta Mediterranea) trial between October 1,
2003, and June 25, 2004. The PREDIMED study is a large, parallel-
group, multicenter, controlled 4-year clinical trial that aims to as-
sess the effects of the traditional MedDiet on the primary pre-
vention of CVD. Full details of the protocol have been published
elsewhere.'® The trial is currently ongoing with an estimated 9000
participants at high risk for CVD assigned to 3 intervention groups:
MedDiet with VOO (MedDiet + VOO), MedDiet with mixed nuts
(MedDiet + nuts), and advice about a low-fat diet (control). All
participants gave informed consent to a protocol approved by the
local institutional review boards.

Potential candidates (n=1487) were selected by physi-
cians at primary care centers affiliated with 10 teaching hos-
pitals in Spain on the basis of the following eligibility criteria:
community-dwelling men, aged 55 to 80 years, and women, aged
60 to 80 years; absence of prior CVD; and presence of type 2 dia-
betes mellitus and/or 3 or more CVD risk factors: current smoker,
hypertension (blood pressure =140/90 mm Hg or treatment with
antihypertensive drugs), low-density lipoprotein cholesterol level
of 160 mg/dL or higher or treatment with hypolipidemic drugs,
high-density lipoprotein (HDL) cholesterol level of 40 mg/dL or
lower, body mass index (calculated as weight in kilograms di-
vided by height in meters squared) of 25 or higher, or family his-
tory of premature CVD. In addition to a history of CVD, exclu-
sion criteria were having a severe long-term illness, drug or alcohol
addiction, body mass index of 35 or higher, and history of al-
lergy or intolerance to olive oil or nuts, as previously de-
scribed.'® Eligible candidates were invited to attend a screening
visit that included a face-to-face interview with an investigator
and administration of a 26-item questionnaire to inquire about
medical conditions and risk factors related to eligibility.
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INTERVENTIONS

After the screening visit, participants were randomly assigned
to 1 of 3 study arms. At each recruiting center, the same dieti-
cian delivered the interventions to participants in all 3 groups.
Based on the initial 14-item questionnaire addressing indi-
vidual adherence to the MedDiet, dieticians gave personalized
dietary advice to participants in both MedDiet groups during
a 30-minute session. Instructions were given about how to in-
crease the MedDiet score, including use of olive oil for cook-
ing and dressing; increased consumption of fruit, vegetables,
and fish; consumption of white meat instead of red or pro-
cessed meat; preparation of homemade sauce with tomato, gar-
lic, onion, aromatic herbs, and olive oil to dress vegetables, pasta,
rice, and other dishes; and, for alcohol drinkers, moderate con-
sumption of red wine.

At study inclusion and quarterly thereafter, dieticians de-
livered a separate 60-minute group session for each MedDiet
group. Sessions consisted of informative talks and delivery of
written material with elaborated descriptions of typical Medi-
terranean foods, seasonal shopping lists, meal plans, and reci-
pes. Participants assigned to the MedDiet groups were given
either free VOO (15 L for 3 months) or packets of mixed nuts
(1350 g of walnuts [15 g/d], 675 g of hazelnuts [7.5 g/d], and 675
gofalmonds[7.5 g/d] every 3 months). To improve compliance
and account for family needs, participants in the respective Med-
Diet groups received 5 L of extra VOO or an additional packet of
1000 g of nuts for 3 months. Participants assigned to the control
diet received general oral and written recommendations to re-
duce all types of fat (from both animal and vegetable sources),
but were not given individualized intervention. Nevertheless, to
increase both compliance and retention, participants in the con-
trol group periodically received small gifts, such as oil dispens-
ers to reduce oil consumption, aprons, shopping bags, or low-
fat recipe books. Energy restriction was not advised for any of
the intervention groups. All participants had free and continu-
ous access to their center dietician throughout the study.

MEASUREMENTS

At baseline we administered a questionnaire about lifestyle vari-
ables, medical conditions, and medication use; a 14-item ques-
tionnaire designed to assess the degree of adherence to the tra-
ditional MedDiet that is an extension of a previously validated
questionnaire'’; a 137-item validated food frequency question-
naire?; and the validated Spanish version®' of the Minnesota Lei-
sure-Time Physical Activity Questionnaire. We performed an-
thropometrical and blood pressure measurements and obtained
fasting blood samples. All examinations were repeated at 1 year.

Trained personnel made the following measurements: weight
and height with calibrated scales and a wall-mounted stadiom-
eter, respectively; waist circumference midway between the low-
est rib and the iliac crest using an anthropometric tape; and
blood pressure in triplicate with a validated semiautomatic os-
cillometer (HEM-70CP; OMRON, Hoofddrop, the Nether-
lands). Energy and nutrient intake were derived from Spanish
food composition tables. Samples of fasting serum and EDTA
plasma were coded, shipped to a central laboratory, and stored
at —-80°C until assay. Laboratory technicians were blinded to
the intervention. Analytes measured in frozen serum or plasma
samples, as appropriate, were blood glucose level by the glucose-
oxidase method, cholesterol and triglyceride levels by enzy-
matic procedures, and HDL cholesterol level by an accelerator
selective detergent method (Horiba ABX Diagnostics, Montpel-
lier, France). In a random sample of participants, we measured
urinary tyrosol and hydroxytyrosol levels (n=375) by gas chro-
matography—mass spectrometry as markers of compliance with

VOO intake? and plasma a-linolenic acid level (n=300) by gas
chromatography as a measure of adherence to walnut intake.”

The MetS was defined according to updated ATP III crite-
ria,? which require that 3 or more of the following conditions
be met: abdominal obesity (waist circumference >102 cm in
men and >88 cm in women), hypertriglyceridemia (triglycer-
ides level =150 mg/dL), low HDL cholesterol level (<40 mg/dL
in men and <50 mg/dL in women), elevated fasting blood glu-
cose level (=100 mg/dL), and elevated blood pressure (sys-
tolic =130 mm Hg, diastolic =85 mm Hg, or taking antihy-
pertensive medication). Participants who were being treated with
antidiabetic, antihypertensive, or triglyceride-lowering medi-
cations were considered to be diabetic, hypertensive, or hyper-
triglyceridemic, respectively. At the 1-year assessment, we cal-
culated the proportion of participants who developed each of
the components of MetS or whose status reverted. We also cal-
culated the proportion of participants who did not meet crite-
ria at baseline but developed at least 3 MetS features at 1 year
(ie, incident MetS) and those who met MetS criteria at base-
line but had fewer than 3 MetS features at the 1-year assess-
ment (ie, reverted MetS). The severity of MetS was calculated
as the average number of MetS features present.

To convert HDL cholesterol to millimoles per liter, multi-
ply by 0.0259; to convert glucose to millimoles per liter, mul-
tiply by 0.0555; to convert triglycerides to millimoles per liter,
multiply by 0.0113.

STATISTICAL METHODS

Analysis of variance and x? tests were used to compare quali-
tative traits and means of quantitative variables, respectively,
between intervention groups. We used repeated-measures analy-
sis of variance to examine changes of numerical variables be-
tween baseline and 1 year. The MetS status was based on mea-
surements at 1 year and was assessed in the entire sample and
separately for those who met the criterion at baseline but not
at the 1-year assessment (reverted MetS) and those who did not
meet the criterion at baseline but met the criterion at the 1-year
assessment (incident MetS). Differences in the incidence of MetS
development and reversion among treatment groups were as-
sessed by using logistic regression analysis with models ad-
justed for sex, age, obesity status at baseline, and body weight
change. The 2-sided level of significance was set at P<<.05. Analy-
ses were performed using SPSS statistical software, version 14
(SPSS Inc, Chicago, Illinois).

BEENEN  RESULTS R

Of 1487 subjects assessed for eligibility, 1264 (85.0%)
were randomly assigned to 1 of 3 intervention groups
(Figure 1). After discounting withdrawals, MetS sta-
tus at 1 year was assessed in 1224 participants (96.8%).

Participants’ baseline characteristics indicated that they
belonged to a high-risk cohort (Table 1). The groups
were well balanced with respect to demographic char-
acteristics, CVD risk factors, MetS features, and medi-
cation use, with the exception of the proportion of men,
which was higher in the group assigned MedDiet + nuts.
A total of 751 subjects (61.4%) met ATP III criteria for
the MetS, and the distribution among groups was simi-
lar (Table 1 and Figure 2). The MetS severity, calcu-
lated as the number of positive criteria (mean, 2.8), did
not differ by treatment group, sex, or age. The most fre-
quent MetS features were elevated blood pressure (95.8%),
hyperglycemia (66.9%), and abdominal obesity (66.5%).
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Table 1. Baseline Characteristics of Participants Completing 1 Year of Follow-up

Study Group?
IMetlDiet +V00 MedDiet + Nuts Control DietI

Variable (n=409) (n=411) (n=404) P Valueb
Age, y, mean (SD) 67.2 (5.9) 67.2 (5.7) 67.9 (6.2) 14
Men 185 (45.2) 209 (50.9) 172 (42.6) .05
Current smokers 61 (14.9) 71(17.3) 67 (16.6) .64
Body weight, kg, mean (SD) 75.1(10.8) 75.8 (11.0) 75.4 (11.3) .60
BMI, mean (SD) 29.2 (3.1) 29.3(3.2) 29.5 (3.5) 45
Hypertension® 332 (81.2) 333 (81.0) 328 (81.2) .99
Dyslipidemiad 260 (63.6) 256 (62.3) 272 (67.3) .30
Type 2 diabetes mellitus 191 (46.7) 188 (45.7) 184 (45.5) .94
Metabolic syndrome 252 (61.6) 249 (60.6) 250 (61.9) .92
Metabolic syndrome components®

Abdominal obesity 267 (65.3) 265 (64.5) 282 (69.8) 22

Low HDL cholesterol level 108 (26.4) 87 (21.2) 97 (24.0) 12

High triglycerides level 122 (29.8) 119 (29.0) 127 (31.4) 74

High fasting serum glucose level 276 (67.5) 274 (66.7) 269 (66.6) .96

Blood pressure =130/85 mm Hg 397 (97.1) 391 (95.1) 384 (95.0) 27
Medication

Antihypertensive agents 301 (73.6) 306 (74.5) 300 (74.3) .96

Statins 143 (35.0) 138 (33.6) 154 (38.1) .38

Fibrates 1(2. ) 2(2.9) 8 (2.0) .67

Insulin 25 (6.1 26 (6.3) 26 (6.4) .98

Oral hypoglycemic agents 122 (29. 8) 108 (26.3) 123 (30.4) .37

Aspirin or antiplatelet drugs 100 (24.5) 100 (24.3) 80 (19.8) 19

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by height in meters squared); HDL-high-density lipoprotein; MedDiet,

Mediterranean diet; VOO, virgin olive oil.
2Data are given as number (percentage) unless otherwise indicated.

b p value for comparisons across groups calculated with a Pearson 2 test for categorical variables or 1-way analysis of variance for continuous variables.

CBlood pressure 140/90 mm Hg or higher or treatment with antihypertensive drugs.

dFor an explanation of the criteria, see the “Measurements” subsection of the “Methods” section.

€The metabolic syndrome components are defined according to the National Cholesterol Education Program’s Adult Treatment Panel |1l criteria. For an
explanation of the criteria, see the “Measurements” subsection of the “Methods” section.
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MedDiet+V00 MedDiet + Nuts Control Diet

Figure 2. Baseline and 1-year prevalence of the metabolic syndrome (MetS) by
diet assignment. MedDiet indicates Mediterranean diet; VOO, virgin olive oil.
*P<.05 vs control diet.

FOOD INTAKE AND TOTAL BODY WEIGHT

Intake of supplemental foods was good, as was shown
by objective measurements of intake markers in a ran-
dom sample of participants. Urinary tyrosol and hydroxy-
tyrosol levels increased from baseline among partici-
pants assigned to the MedDiet+ VOO (P=.01) and
participants assigned to the MedDiet + nuts group
(P =.03); however, those assigned the MedDiet + nuts

showed increased plasma a-linolenic acid levels (P=.02).
No changes occurred in the control group.

The main dietary changes recorded at 1 year were
large increases in VOO and nut consumption in the cor-
responding MedDiet groups (Table 2). Olive oil and
nut intake decreased in the low-fat control diet group.
Compared with this group, the 2 MedDiet groups
increased their intake of vegetables and legumes. Partici-
pants in all groups increased intake of fruits and
decreased intake of meat and meat products while main-
taining a low level of alcohol consumption. These food
changes translated into the corresponding changes in
energy and nutrient intake (Table 3). Participants
assigned to the 2 MedDiet groups had increased energy
and total fat intake as well as a reciprocal decrease in
carbohydrate intake; these changes were more marked
for the MedDiet + nuts group. Both MedDiet groups
increased intake of fiber and unsaturated fatty acids. The
control group had decreased intake of energy, total fat,
and polyunsaturated fatty acids and increased intake of
carbohydrates. All groups had decreased consumption of
saturated fatty acids. The mean daily contribution of nu-
trients from supplemental foods is shown in Table 4.
Estimated changes in energy expenditure from physical
activity were similar among the 3 groups. The score of
adherence to the MedDiet increased substantially in the
2 MedDiet groups and increased marginally in the con-
trol group. No significant mean (SD) 1-year changes in
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Table 2. Daily Consumption of Key Foods and 14-Point MedDiet Score?

P P P P

Food, per Day MedDiet+V00  Value®  MedDiet+Nuts  Value? Control Diet Valueb Value®
V00, g

Baseline 240 (23.2) 24.6 (22.6) :I 20.0 (22.9) :I -

1 Year 498 (17.1) :I <001 953951 01 51 (225) oy =l
Refined 00, g

Baseline 185 (21.8) 16.8 (20.4) :| 205 (20.1) :| i

1 Year 1.01 (6.0) :| <0 18.3 (23.0) 18 17.0 (19.8) L =iy
Total nuts, g

Baseline 9.4 (11.6) 122 (13.7) :I 9.9(13.7) :I i

1 Year 15.2 (14.1) :I <001 390(1956) <001 7g5(115) =l
Vegetables, No. of 125-g servings

Baseline 2.36 (0.96) 2.47 (1.01) :| 2.36 (1.10) :| ¢

1 Year 2.65 (1.00) :| =L 2.70 (0.99) <001 543 (110) . L
Legumes, No. of 40-g servings

Baseline 0.44 (0.20) 0.45 (0.20) :I 0.4 (0.23) :I i

1 Year 053 (0.21) :I <001 453021) <001 a0 B =il
Fruits, No. of 125-g servings

Baseline 9,57 (1.44) 2.80 (1.54) :| 2.75 (1.66) :|

1 Year 3.04 (1.25) :| <001 341 (147) <001 340 1.57) el e
Fish or seafood, No. of 125-g servings

Baseline 0.77 (0.32) :I o7 0.81(0.32) :I 003 0.76(0.32) :I 0 003

1 Year 0.81(0.32) : 0.86 (0.32) 0.73 (0.33) : :
Meat or meat products, No. of 150-g servings

Baseline 0.96 (0.38) 0.97 (0.35) :| 0.92 (0.35) :|

1 Year 0.92 (0.33) :| L 0.89 (0.32) =001 486 (0.30) L0 <
Cereals, No. of 50-g servings

Baseline 3.04 (1.73) 3.05 (1.69) :I 2.93 (1.65) :I

1 Year 2.96 (1.41) :I L 3.00 (1.50) 8 o816 28 &
Dairy products, No. of 200-g servings

Baseline 1.87 (1.04) 1.82 (1.02) :| 1.67 (1.18) :|

1 Year 1.99 (1.05) :| L 1.78 (1.02) B s = L
Alcohol, g

Baseline 101 (14.9) 121 (17.8) :I 10.1 (15.4) :I

1 Year 9.9 (14.3) :I oL 11.8 (16.5) 12 9.7 (14.9) o o
MedDiet score

Baseline 8.0(1.8) 8.1(1.9) :| 8.4(1.8) :| -

1 Year 9.8 (16 :| =L 9.9 (1.4) <001 715 A

Abbreviations: MedDiet, Mediterranean diet; 00, olive oil; VOO, virgin olive oil.

Data are given as mean (SD) unless otherwise indicated. P<<.05 indicates statistical significance.

bDifferences from baseline by paired ttest.

CDifferences among diets by repeated measures analysis of variance.

d p< .05 for differences between MedDiet + VOO and control diet groups.

€ P<.05 for differences between MedDiet + VOO and MedDiet + nuts groups.
fp<.05 for differences between MedDiet + nuts and control diet groups.

body weight occurred: 0.3(3.0), -0.2(3.7), and -0.1
(3.2) kg after the MedDiet + VOO, MedDiet + nuts,
and control groups, respectively (analysis of variance,
P=.05).

Dieticians reported that 49 participants in the
MedDiet + nuts group had difficulty chewing nuts.
Advice to consume nuts crushed and mixed with low-
fat yogurt or salad solved this problem for all but 2
participants, who withdrew from the study (Figure 1).
Subjects who were assigned to the MedDiet+ VOO or
to the low-fat diet reported no adverse effects.

CHANGES IN MetS STATUS

One-year prevalence of high waist circumference, el-
evated triglycerides level, and high blood pressure were
significantly reduced in the MedDiet + nuts group com-
pared with the control group (P <.05). The overall preva-

lence of MetS at the 1-year assessment was reduced
by 6.7%, 13.7%, and 2.0% in the MedDiet + VOO,
MedDiet + nuts, and control groups, respectively
(MedDiet + nuts vs control diet, P<.05) (Figure 2). No
significant differences in MetS severity were observed at
the end of the study. The changes in MetS prevalence were
the result of variations in incidence rates among partici-
pants who did not meet criteria at baseline and in rever-
sion rates among those who had the MetS when the study
began (Table 5). Incident MetS rates were not signifi-
cantly different among groups (MedDiet + VOO,
22.9%; MedDiet + nuts, 17.9%; and control, 23.4%),
whereas reversion rates were highest in the MedDiet +
nuts group (P<.05 vs control group). This was in part
owing to a lesser incidence of elevated triglyceride lev-
els and high blood pressure, together with higher rates
of reversion of abdominal obesity. Compared with par-
ticipants in the control group, those in the MedDiet +
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Table 3. Baseline Level and 1-Year Changes in Energy, Nutrient Intake, and Physical Activity?
Variable MedDiet+V00 P Value"  MedDiet+Nuts P Value®  Control Diet P Value® P Value®
Energy, kcal

Baseline 2266 (563) 2351 (611) 2223 (546) n

1 Year 2314 (508) :I o 2442 (517) :I L 2122 (523) :I <A LU
Energy from total protein, %

Baseline 16.5 (2.7) 16.4 (2.5) :I 16.5 (2.7) :I

1 Year 16.5 (2.5) :I &b 16.2 (2.4) 3 16.7 (2.9) 2l il
Energy from total carbohydrates, %

Baseline 40.4 (6.2) 40.4 (6.6) :I 41.0(7.7) :I i

1 Year 39.8 (5.6) :I o 37.8 (5.8) =001 4062) ol =L
Fiber, /1000 kcal

Baseline 10.3 (2.7) 10.6 (2.7) :I 10.8 (3.1) :I

1 Year 11.1(2.6) :I = 115 (2.9) L 1.1 (3.1) e 0
Energy from total fat, %

Baseline 40.0 (5.9) 39.8 (5.9) :I 39.3 (6.4) :I def

1 Year 40.8 (5.4) :I e 42.7 (5.8) =L 38.2 (5.9) gL L
Saturated fatty acids, %

Baseline 10.2 (2.0) 10.2 (2.0) :I 10.0 (2.0) :I

v S :| <001 e <001 S <001 078
Monounsaturated fatty acids, %

Baseline 20.4 (4.0) 20.5 (4.0) :I 19.8 (4.2) :I def

1 Year 215 (3.8) :I =il 21.4 (3.8) =i 19.4 (4.0) o =
Polyunsaturated fatty acids, %

Baseline 6.0 (1.8) 6.2 (1.8) :I 6.0 (1.8) :I delf

1 Year 6.3 (1.4) :I At 8.2 (2.0) LU 5.7 (1.6) Mz =
Energy expenditure in physical activity

(MET-min per day)

Baseline 266 (216) 300 (240) :I 243 (225) :I
1 Year 275 (238) :I &9 278 (214) 0 254 (219) B 40

Abbreviations: MedDiet, Mediterranean diet; MET-min, minutes at a given metabolic equivalent level (units of energy expenditure in physical activity; 1 MET-min

&

roughly equivalent to 1 kcal); VOO, virgin olive oil.

2Data are given as mean (SD) unless otherwise indicated. P< .05 indicates statistical significance.

b Differences from baseline by paired t test.

CDifferences among diets by repeated measures analysis of variance.

d p< .05 for differences between MedDiet -+ V0O and control diet group.

€ p<.05 for differences between MedDiet + nuts and control diet group.
fp< .05 for differences between MedDiet + VOO and MedDiet + nuts groups.

Table 4. Average Daily Intake of Energy and Nutrients
Provided by VOO and Mixed Nuts?
Variable V00, 50 g/d Nuts, 30 g/d
Energy, kcal 442 189
Total protein, g 0 5.0
Arginine, g 0 0.7
Total carbohydrates, g 0 4.8
Fiber, g 0 2.6
Total fat, g 50.0 17.2
Oleic acid, g 37.5 6.5
Linoleic acid, g 3.4 2.3
«-Linolenic acid, g 0.2 1.3
Total plant sterols, mg 77.9 59.7
a-Tocopherol, mg 7.3 7.2
B-Tocopherol, mg 0.2 1.4
d-Tocopherol, mg 2.1 94
Calcium, mg 0.5 429
Magnesium, mg 0 57.3
Sodium, mg 1.0 0.4
Potassium, mg 0.5 172.0

Abbreviations: PREDIMED, Prevencion con Dieta Mediterrénea;
V0O, virgin olive oil.

2Data on lipid components are from analyses of supplemental foods
supplied in the PREDIMED study, as previously reported.' The source of
information about other nutrients was the US Department of Agriculture
Nutrient Database (http://www.nal.usda.gov/fnic/foodcomp/search; accessed
April 1, 2008).

VOO group had a lower incidence of elevated triglyc-
eride levels and less reversion of abdominal obesity.
There were no differences among groups in the inci-
dence or reversion of high fasting glucose or low HDL
cholesterol levels.

Logistic regression analysis confirmed that the
MedDiet + nuts was associated with MetS reversion among
individuals who had the syndrome at baseline. Com-
pared with the control group, crude odds ratios (95% con-
fidence intervals) for MetS reversion were 1.4 (0.9-2.1)
and 1.7 (1.1-2.7) for the MedDiet + VOO and the MedDiet
+ nuts groups, respectively. The corresponding odds ra-
tios for incident MetS among individuals without the syn-
drome at baseline were 1.0 (0.6-1.7) and 0.7 (0.4-1.3).
The odds ratios changed little after adjusting for sex, age,
baseline obesity status, and changes in body weight
(Figure 3). In addition, the need for antidiabetic or
antihypertensive medications was unchanged from base-
line in all study groups.

DR COMMENT

In this clinical trial, older participants at high risk for de-
veloping CVD who consumed a non—energy-restricted,
traditional Mediterranean-style diet supplemented with
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Table 5. Metabolic Syndrome Components by Intervention Group
Intervention Group, No. (%) of Participants
IMedDiel +V00 MedDiet + Nuts Control DietI

Metabolic Syndrome Component? (n=409) (n=411) (n=404)
Abdominal obesity

Baseline prevalence 267 (65.3) 265 (64.5) 282 (69.8)

1-y Prevalence 278 (68.0)° 245 (59.6)¢d 271 (67.1)

Reversion rate? 17 (6.4)¢ 50 (18.9)¢d 33 (11.7)

Incidence rate® 28 (19.7) 30 (20.5) 22 (18.0)
Low HDL cholesterol level

Baseline prevalence 108 (26.4) 87 (21.2) 97 (24.0)

1-y Prevalence 104 (25.4) 80 (19.5) 88 (21.8)

Reversion rate® 39 (36.1) 34 (39.1) 33 (34.3)

Incidence rate® 35 (11.6) 27 (8.3) 34 (11.1)
Hypertriglyceridemia

Baseline prevalence 122 (29.8) 119 (29.0) 127 (31.4)

1-y Prevalence 127 (31.1) 116 (28.2)° 143 (35.4)

Reversion rate® 34 (27.9) 39 (32.8) 43 (33.9)

Incidence rate® 39 (13.6)°¢ 36 (12.3)¢ 59 (21.3)
Elevated fasting glucose level

Baseline prevalence 276 (67.5) 274 (66.7) 269 (66.6)

1-y Prevalence 248 (60.6) 266 (64.7) 250 (61.9)

Reversion rate® 30 (10.9) 21(7.7) 28 (10.4)

Incidence rate® 15 (11.3) 23 (16.8) 15 (11.1)
High blood pressure

Baseline prevalence 397 (97.1) 391 (95.1) 384 (95.0)

1-y Prevalence 397 (97.1) 387 (94.2)¢d 394 (97.5)

Reversion rate? 9(2.3) 1(2.8) 5(1.3)

Incidence rate® 10 (83.3) 8 (40.0)¢ 11 (64.7)
Metabolic syndrome

Reversion rate® 53 (21.0) 63 (25.3)¢ 41 (16.4)

Incidence rate® 36 (22.9) 29 (17.9) 36 (23.4)

Reversion/incidence ratio® 0.92 1.41 0.70

Abbreviations: HDL, high-density lipoprotein; MedDiet, Mediterranean diet; VOO, virgin olive oil.
2The metabolic syndrome components are defined according to the National Cholesterol Education Program’s Adult Treatment Panel Il criteria. For a complete
explanation of the criteria, see the “Measurements” subsection of the “Methods” section.
Reversion rate indicates the percentage of participants who met the criterion at baseline but not at the 1-year assessment; incidence rate, the percentage of
participants who did not meet the criterion at baseline but met the criterion at the 1-year assessment.

¢ P<.05 vs control diet.
dp< 05 vs MedDiet + VOO.

€Reversion to incidence ratio indicates the rate of reverted cases divided by the rate of incident cases.

1 daily serving of mixed nuts for 1 year showed a reduc-
tion in the overall prevalence of MetS compared with
participants given advice on following a low-fat diet. Sub-
jects in the MedDiet + VOO group showed a nonsignifi-
cant reduction in MetS prevalence. The beneficial effect
of the MedDiet + nuts was more a consequence of higher
rates of reversion among participants who had the MetS
at baseline than of a lesser incidence among those not
meeting criteria for the syndrome at baseline, and was
independent of sex, age, baseline obesity status, or changes
in body weight. These results provide further evidence
of the potential benefit of healthy dietary patterns on MetS
status.”*”” The novelty of our findings is that a positive
effect on MetS was achieved by diet alone, in the ab-
sence of weight loss or increased energy expenditure in
physical activity.

The protective effect of the MedDiet + nuts on MetS
prevalence appears to be owing to the sum of small ef-
fects in individual components of the MetS rather than
to a great effect on any single component. Both MedDiet
groups showed a lower incidence of hypertriglyceride-
mia compared with the control group. The observed re-

duction in the incidence of elevated blood pressure af-
ter the MedDiet + nuts may be a chance finding, given
that more than 95% of participants met ATP III criteria
for elevated blood pressure at baseline. The lack of ben-
eficial effect of the MedDiets on hyperglycemia may also
be spurious because nearly 45% of participants had dia-
betes mellitus, and in this context it is improbable to at-
tain a fasting blood glucose level of less than 100 mg/dL
with only lifestyle intervention. Our finding that indi-
vidual components of the MetS were not always statis-
tically significantly affected is consistent with other stud-
ies involving lifestyle changes.*

The beneficial effect of the MedDiet + nuts on MetS
status occurred despite relatively small macronutrient
changes, as derived from self-reported food records
(Table 3). Nevertheless, all nutrient changes were in the
intended direction, with increases in the intake of fiber,
monounsaturated fatty acids, and polyunsaturated fatty
acids and reduced saturated fatty acid intake, mainly re-
flecting increased consumption of nuts. There are sev-
eral reasons why the higher total fat and unsaturated fat
content of the MedDiet + nuts might beneficially affect
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Figure 3. Odds ratios (ORs) and 95% confidence intervals (Cls) of 1-year
reversion among participants who had the metabolic syndrome (MetS) at
baseline (top) and incidence among participants who did not have MetS at
baseline (bottom) in the 2 Mediterranean diet (MedDiet) groups compared
with the control diet group. The logistic regression model was adjusted for
sex, age, baseline obesity status, and weight changes. VOO indicates virgin
olive oil.

MetS status compared with a control diet relatively higher
in carbohydrates.

First, there is increasing evidence that dietary fat need
not be drastically reduced, as advocated in the past, to
provide protection from CVD. In the Women’s Health
Initiative study,* a low-fat dietary pattern was not asso-
ciated with a reduced risk of CVD during an 8-year fol-
low-up period. In the prospective Nurses’ Health Study,*
recent results from a 20-year follow-up period suggest
that a low-carbohydrate diet (high fat and/or high pro-
tein) does not promote CVD and might reduce its inci-
dence when the diet is high in unsaturated fat and veg-
etable protein, such as the MedDiet. Greater conformity
with a Mediterranean-style diet was also associated with
lower CVD prevalence and all-cause mortality rates in a
large study in a US-based population sample.?” There is
also ample evidence that, as opposed to high-fat diets,
high-carbohydrate diets may increase triglyceride levels
and reduce HDL cholesterol levels.?® Second, diets high
in monounsaturated fatty acids, like the MedDiet, are ben-
eficial for insulin resistance and associated metabolic ab-
normalities* and for blood pressure and the lipid pro-
file.’® Finally, increased intake of VOO and nuts was the
main dietary change in the 2 MedDiet arms of our study.
In a former 3-month evaluation of the PREDIMED study,
both MedDiets were associated with improved blood pres-
sure, fasting blood glucose levels, and lipid profiles.'® Re-
cently, VOO has been shown to improve cardiovascular
risk factors compared with refined olive oil.*' However,
in our study, nuts outperformed VOO regarding MetS sta-
tus at 1 year and likely had as much or more of a salu-
tary effect than the MedDiet itself. Both the VOO and nuts
used in this study are rich in unsaturated fatty acids, an-
tioxidants, and phytosterols.’® However, VOO is a lipid
extract from olives, whereas nuts are whole foods that
provide additional nonlipid nutrients, including fiber; ar-
ginine, the precursor of the endogenous vasodilator ni-

trous oxide; and minerals, such as potassium, calcium,
and magnesium (Table 4).>*?* In addition, walnuts (one-
half of the daily serving of nuts in our study) are much
richer than olive oil in a-linolenic acid, the vegetable
omega-3 fatty acid.” Therefore, nuts, but not olive oil,
contain various nutrients that have been shown to ben-
eficially affect cardiometabolic risk factors, such as in-
sulin resistance, blood pressure, and dyslipidemia, in ad-
dition to modulating inflammation and endothelial
function.'®"3*3> Nut consumption also has been asso-
ciated with protection from CVD in several large pro-
spective studies.”

More important, in our study, MetS status improved
among the MedDiet + nuts group despite the absence of
weight loss, unlike what has been reported in previous
studies of the effects of dietary patterns on MetS."*"* Judg-
ing from the almost universal reversion of MetS ob-
served after massive weight loss among morbidly obese
subjects who underwent weight-reduction surgery,*
weight loss appears to be the driving force for the rever-
sion of MetS. That the MedDiet + nuts in itself, without
energy restriction, is beneficial for reversing MetS sta-
tus suggests that its components, principally nuts, have
positive effects on insulin resistance and/or other fac-
tors central to the pathophysiological characteristics of
MetS, such as systemic oxidation and related chronic in-
flammation.? Recently, persuasive evidence has been pro-
vided that oxidative stress is associated with insulin re-
sistance.*” Besides VOO and nuts, the high content of
vegetables and fresh fruits of the PREDIMED diets, to-
gether with a moderate consumption of wine, guarantees
a high intake of antioxidant vitamins and phenolic com-
pounds. Indeed, previous reports from the PREDIMED
study showed that MedDiets were associated with im-
proved insulin sensitivity'® and decreased oxidative dam-
age to low-density lipoprotein cholesterol.>® The de-
creased oxidative stress promoted by the MedDiet concurs
with the reduction in inflammatory markers, as previ-
ously shown in the PREDIMED study'® and another feed-
ing trial in patients with MetS."* Reversion of abdominal
obesity in the MedDiet + nuts group is plausible, given
that consumption of nuts has been associated with sati-
ety, increased thermogenesis, fat malabsorbtion, and lower
adiposity,'” and could further reduce inflammation. There-
fore, a reduced inflammatory state might account for an
important part of the beneficial effect of the MedDiet +
nuts on MetS status.

Our study has limitations. The participants were older
subjects at high risk for CVD, nearly 45% had diabetes
mellitus, and 61.4% had MetS; therefore, the results can-
not be extrapolated to the general population. An added
limitation is that nutritional education for the low-fat diet
group was less intense than the behavioral intervention
in the MedDiet groups. In fact, fat intake was only mar-
ginally reduced in the group assigned the low-fat diet.
This was partly because of the study design, but also be-
cause participants belonged to a Mediterranean culture,
in which people have a long-standing preference for using
olive oil in the kitchen and at the table. Therefore, the
differences in outcomes observed between the MedDiet
+ nuts and control groups might be attributed mainly
to the supplemental nuts provided.
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Traditionally, dietary patterns recommended for health
have been low-fat, high-carbohydrate diets, which gen-
erally are not palatable. The results of the present study
show that a non—energy-restricted traditional MedDiet
enriched with nuts, which is high in fat, high in unsat-
urated fat, and palatable, is a useful tool in managing the
MetS. Dietary intervention may reduce cardiovascular risk
among persons with the MetS. Our study duration was
too short to address clinical outcomes. Longer fol-
low-up of the entire PREDIMED cohort may eventually
provide stronger evidence of the cardiovascular benefits
of the MedDiet.
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