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Abstract

Background: Dietary intervention success requires strong participant adherence, but very few studies have
examined factors related to both short-term and long-term adherence. A better understanding of predictors of
adherence is necessary to improve the design and execution of dietary intervention trials. This study was designed
to identify participant characteristics at baseline and study features that predict short-term and long-term
adherence with interventions promoting the Mediterranean-type diet (MedDiet) in the PREvencién con Dleta
MEDiterrdnea (PREDIMED) randomized trial.

Methods: Analyses included men and women living in Spain aged 55-80 at high risk for cardiovascular disease.
Participants were randomized to the MedDiet supplemented with either complementary extra-virgin olive oil
(EVOO) or tree nuts. The control group and participants with insufficient information on adherence were excluded.
PREDIMED began in 2003 and ended in 2010. Investigators assessed covariates at baseline and dietary information
was updated yearly throughout follow-up. Adherence was measured with a validated 14-point Mediterranean-type
diet adherence score. Logistic regression was used to examine associations between baseline characteristics and
adherence at one and four years of follow-up.

Results: Participants were randomized to the MedDiet supplemented with EVOO (n=2,543; 1,962 after exclusions)
or tree nuts (n=2,454; 2,236 after exclusions). A higher number of cardiovascular risk factors, larger waist
circumference, lower physical activity levels, lower total energy intake, poorer baseline adherence to the 14-point
adherence score, and allocation to MedDiet + EVOO each independently predicted poorer adherence. Participants
from PREDIMED recruiting centers with a higher total workload (measured as total number of persons-years of
follow-up) achieved better adherence. No adverse events or side effects were reported.
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Conclusions: To maximize dietary adherence in dietary interventions, additional efforts to promote adherence
should be used for participants with lower baseline adherence to the intended diet and poorer health status. The
design of multicenter nutrition trials should prioritize few large centers with more participants in each, rather than

many small centers.

Trial registration: This study was registered at controlled-trials.com (http://www.controlled-trials.
com/ISRCTN35739639). International Standard Randomized Controlled Trial Number (ISRCTN): 35739639. Registration

date: 5 October 2005.
Trial design: parallel randomized trial.

Keywords: Dietary adherence, Short-term dietary adherence, Long-term dietary adherence, Mediterranean Diet,

PREDIMED trial, Dietary predictors, Dietary intervention

Background

The global burden of diet-related chronic diseases has
skyrocketed over the last few decades. As rates continue
to rise [1] and food environments become increasingly
obesogenic [2], it is more important than ever to im-
prove understanding of diet-disease relationships and
decrease the risk of chronic disease through diet modifi-
cation. Effective dietary intervention strategies can help
accomplish both of these objectives. The Mediterranean-
type diet (MedDiet) is associated with decreased risk of
all-cause [3, 4] and premature [5, 6] death, cardiovascu-
lar disease [7, 8], type 2 diabetes [9, 10], overweight and
obesity [11, 12], and several cancers [13, 14]. Experimen-
tal interventions and randomized controlled trials
(RCTs) have confirmed these findings [7, 8, 14—19]. It is
very likely that future intervention trials in nutrition will
adopt the paradigm of the Mediterranean food pattern,
as the 2015 Dietary Guidelines for Americans have rec-
ommended [20]. In this context, information about the
predictors of success in interventions using such a food
pattern is very much needed.

Permanent dietary modifications are difficult to
achieve; long-term dietary interventions often have low
adherence [21-26]. Identifying participant characteristics
and study design features that predict long-term adher-
ence will substantially help investigators design dietary
interventions to maximize adherence, achieve sufficient
contrast in nutritional exposures between intervention
arms, and reduce diet-related chronic diseases in target
populations.

A handful of studies have identified predictors of
short-term adherence to dietary interventions [27-35].
Predictors included the female sex [35], older age [27,
29], a non-diabetic [28, 35] and non-depressive status
[34, 36], normal weight [29, 30, 34], higher physical ac-
tivity levels [34, 35], not smoking [35], white ethnicity
[29, 32], higher socioeconomic status [27, 29, 33], and
being married [35]. Only two studies have investigated
predictors of adherence to the MedDiet [35, 37]. PRE-
vencion con Dleta MEDiterrdnea (PREDIMED)

researchers investigated the relationship between base-
line characteristics and MedDiet adherence, but that
study included only a partial sample of the trial and eval-
uated only short-term adherence [35]. Another study
had longer follow-up but lacked a control group [37].

Among the very few studies that have examined long-
term dietary adherence, the outcome was often defined
as meeting weight-loss goals, which is only a proxy for
dietary adherence. Because only sustained, long-term
dietary patterns modify chronic disease risk [38—40], a
better understanding of long-term adherence to healthy
dietary patterns is needed.

The aim of the present study was to identify predictors
of short and long-term adherence with a MedDiet inter-
vention. This study uses data from the PREDIMED trial,
a RCT of the MedDiet for the primary prevention of car-
diovascular disease [41, 42].

Methods

Study population

Details on the PREDIMED design and methods are de-
scribed in detail elsewhere [18, 23, 43]. Briefly, the PRE-
DIMED trial was a multicenter, randomized, controlled,
single-blinded cardiovascular disease prevention trial
conducted in Spain [41]. It was designed to assess the ef-
fects of the MedDiet on cardiovascular disease in 7,447
participants recruited between 2003 and 2009. Eligible
participants were aged 55 to 80 and at high risk for de-
veloping cardiovascular disease (CVD). High risk was
defined as having type 2 diabetes or at least three of the
following major (CVD) risk factors: current smoking,
hypertension, elevated low-density lipoprotein choles-
terol levels, BMI >25 kg/m? or a family history of pre-
mature coronary heart disease (CHD). After providing
written informed consent, participants were randomized
to one of three interventions; a traditional MedDiet sup-
plemented with either complementary extra-virgin olive
oil (EVOO) or tree nuts or a control diet (advice to re-
duce all types of dietary fat). The control group was ex-
cluded from the present analyses because the focus of
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this study was the adherence with the intervention pro-
moting the MedDiet. Inclusion criteria into this study
are depicted in the flow diagram figure provided below,
along with the CONSORT checklist for randomized tri-
als. The trial ended in 2010, after a median follow-up of
4.8 years, because of the observed benefit of the Med-
Diet compared to the low-fat control diet in the pre-
vention of CVD. Institutional Review Boards at 11
recruiting centers approved the study protocol [44].
No harm or unintended effects were reported in any
arm [41].

When one-year dietary adherence was the outcome of
interest, the present study excluded participants missing
information on any of the 14-point dietary adherence
score items at one year of follow-up (n=799), leaving
4,198 participants for analysis. When four-year dietary
adherence was the outcome of interest, participants re-
cruited after November 2006 (1 =1,495) were excluded
because subsequent follow-up was less than four years.
Participants who had missing information on any of the
14-point dietary adherence score items at four years of
follow-up were further excluded (n=1,149), leaving
2,353 participants available for analysis.

Outcome assessment

Registered dietitians conducted quarterly group sessions
and one-on-one in-person interviews to deliver a com-
prehensive motivational educational intervention aimed
at modifying participant eating habits. Dietitians col-
lected detailed dietary information at baseline and yearly
thereafter during follow-up. Individual interviews and
group sessions were conducted every three months
throughout the trial. A previously validated 14-item
Mediterranean Diet Assessment Tool [45] was the pri-
mary method for assessing adherence to the intervention
(Additional file 1: Figure S1). PREDIMED dietitians
assessed participant adherence using this tool during
each visit. A value of 0 (non-compliant) or 1 (compliant)
was assigned to each item [46]. Higher scores reflected
better adherence. High adherence was defined as meet-
ing at least 11 of the 14 items. This cut-point was used
because roughly half of participants complied with 11 or
more items at each follow-up visit.

Covariate assessment

Dietitians administered a validated 137-item food fre-
quency questionnaire (FFQ) at each yearly visit [47],
from which total energy and alcohol intake was com-
puted [48]. Another questionnaire collected information
on sociodemographic variables, lifestyle, and family his-
tory data. A validated Spanish version of the Minnesota
questionnaire [49, 50] was used to assess physical activ-
ity. Investigators reviewed medical records at baseline
and yearly thereafter to assess medical diagnoses. Nurses
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measured weight and height using standardized proce-
dures, and blood pressure using a validated [51] semiau-
tomatic oscillometer in triplicate (Omron HEM_705CP).
Primary care doctors assessed participants for new diag-
noses of hypercholesterolemia, hypertension and type 2
diabetes. Definitions for these diagnoses are described
elsewhere [42].

Exposure assessment

Potential baseline predictors of adherence were assessed
based on clinical relevance and findings from previously
published studies. These included sex (male, female), age
(<65 years, =65 years), highest educational level attained
(less than primary school, primary school, secondary
school, university or more), occupation (retired, working,
housewife, unemployed or unable to work), marital sta-
tus (married, other), number of people in household,
continuous cardiovascular risk factor score (one point
was assigned for each of the following diagnoses or con-
ditions: type 2 diabetes, hypertension, high blood choles-
terol, family history of premature CHD, depression, and
obesity; scores of 0—1 and 5-6 were collapsed due to
low frequency), individual cardiovascular risk factors
(each of the six factors included in the cardiovascular
risk score were also assessed separately instead of as a
continuous score), systolic blood pressure and diastolic
blood pressure (SBP and DBP, continuous, per 5 mmHg),
waist circumference (continuous, per 5 cm), physical ac-
tivity (tertiles of MET-min/day), smoking status (never,
former, current), total energy intake (quartiles of kcal/
day), alcohol other than wine (low: <10 g/day for men,
<5 for women; moderate: 10-50 for men, 5-10 for
women; high: >50 for men, >10 for women), baseline 14-
point dietary adherence score (<11 points, =11 points),
and MedDiet intervention group (mixed nuts, EVOO).
This analysis also evaluated whether the “total work-
load”, measured in person-years of follow-up and an in-
dicator of how many participants a given center delivers
the intervention to throughout follow-up, was associated
with dietary adherence.

Statistical methods

Chi-square tests were used to assess differences in distri-
butions of baseline characteristics between those with
low adherence (<11 points) and high adherence (=11
points). In Table 2, crude and multivariate-adjusted lo-
gistic regression was used to calculate odds ratios (ORs)
of adherence to the MedDiet at one and four years of
follow-up according to baseline characteristics. Multi-
variate models were adjusted for all potential predictors
of dietary adherence listed above. To calculate p-values
for trend, the median value was assigned to each cat-
egory and the resulting variable was treated as continu-
ous. Quantiles were not treated as ordinal variables to
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account for the fact that the differences in median values
across quantiles were not equal.

Several sensitivity analyses were conducted using
multivariate logistic regression. Analyses looked at asso-
ciations between potential baseline predictors and adher-
ence at two and three years of follow-up (instead of one
and four years), and with 210 and =12 as alternative cut-
points for dietary adherence (instead of >11).

All p-values are two-tailed. Values of <0.05 are consid-
ered statistically significant. All statistical analyses were
performed using Stata software (version 12.0, StataCorp
2011, College Station, TX, USA).

Results
Table 1 shows the mean (+SD) or percentage of partici-
pants with high adherence and low adherence (=11 and
<11 points on 14-point score) after 1-y and 4-y follow-
up across levels of baseline characteristics. 54 % of par-
ticipants complied at one-year follow-up, and 58 % at 4-
y follow-up. The mean (+SD) age at baseline was 66.9
(£6.1) years, and 56.4 % of participants were female. The
following baseline characteristics were associated with
lower adherence at both time points: female sex, a
greater number of cardiovascular risk factors, larger
waist circumference, less physical activity, less total en-
ergy intake, and lower baseline 14-point dietary adher-
ence score. When individual risk factors were assessed,
type 2 diabetes diagnosis and obesity were associated
with poorer adherence at both time points.
Randomization to the MedDiet supplemented with Med-
Diet + EVOO and inclusion at a center following a lower
intervention workload were also correlated with lower
adherence at one and four years. Additional file 2: Table
S5 shows that distributions of baseline characteristics
did not differ depending on time period of enrollment,
with the exception of number of total workload per cen-
ter. Centers that began recruitment after November,
2006 were the only centers with less than 300 partici-
pants. November, 2006 was selected as the cut-point be-
cause participants recruited after this date were followed
for less than four years, and thus were excluded from
analyses where dietary adherence at four years is the
outcome of interest.

Figure 1 provides a summary diagram comparing
multivariate logistic regression results across all primary
and sensitivity analyses.

Short term dietary adherence (one year of follow-up)

Table 2 shows primary results for the association be-
tween potential baseline characteristics and dietary ad-
herence after one and and four years of follow-up. The
following baseline characteristics were associated with
lower dietary adherence at one year of follow-up in
multivariate logistic regression models: the female sex,
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working (vs. retired), type 2 diabetes diagnosis, obesity,
larger waist circumference, lower physical activity, lower
total energy intake, and lower 14-point baseline adher-
ence score. Both study design features, randomization to
the MedDiet + EVOO intervention arm, and belonging
to a PREDIMED center that had a lower workload
(fewer person years), were also associated with lower
one-year adherence. In Additional file 2: Table S2, the
dietary adherence score cut-off point is changed from
>11 to the alternative cut-off points of >10 and >12. The
majority of predictors of low one-year adherence ob-
served in Table 2, when >11 items was the cut-off point,
remained after changing the cut-off point. Exceptions in-
clude obesity (no longer a predictor when either alter-
nate cut-off point was used) and lower energy intake (no
longer a predictor when =10 items was the cut-off
point). Additional file 2: Table S4 investigates adherence
at one year of follow-up after excluding those recruited
after November 2006 in order to restrict to the group
that could be analyzed at both time points. A handful of
associations did not hold, likely due to reduced power as
a result of smaller sample size. Associations with lower
one-year adherence that did not hold included the fe-
male gender, working (vs. retired), obesity, lower physical
activity, and lower total energy intake. Baseline predic-
tors of lower one-year adherence that remained signifi-
cant throughout all sensitivity analyses include type 2
diabetes, larger waist circumference, and lower 14-point
baseline adherence score. Both study design features
(randomization to the MedDiet + EVOO intervention
arm and belonging to a PREDIMED center with a lower
workload) were also associated with lower one-year ad-
herence throughout all sensitivity analyses.

Long term dietary adherence (after four years of follow-
up)

Based on the primary analysis in Table 2, the following
baseline characteristics were associated with lower diet-
ary adherence after four years in multivariate logistic re-
gression models: higher total number of cardiovascular
risk factors, specifically type 2 diabetes diagnosis, hyper-
tension, and family history of premature CHD, higher
SBP, lower physical activity levels, lower total energy in-
take, and lower baselinel4-point adherence score. Study
design features predicting lower adherence after four
years of follow-up included being in the MedDiet +
EVOO intervention arm and belonging to a PREDIMED
center with a lower workload over follow-up. Table 3 de-
fines four-year adherence as consistently meeting the
criteria for high dietary adherence (=11 points on 14-
point score) every year throughout the first four years of
follow-up. Results were similar to four-year results in
Table 2. However, with this more stringent definition,
hypertension, higher SBP, and lower energy intake were
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Table 1 Baseline characteristics according to a 14-point dietary adherence score after 1, 4 years of follow-up?
1 Year of Follow-up 4 Years of Follow-up

Adherence® Low (n=1925) High (n=2273) Low (n=978) High (n=1375)
Demographic Characteristics © % or mean (SD) p-value % or mean (SD) p-value
Women 59.1 546 0.003 613 54.6 0.001
Age at Baseline (years) 66.9 (6.1) 66.9 (5.9) 0.68 676 (6.2) 66.8 (5.8) 0.005
Educational level

University 7.5 8.8 56 8.7

Secondary school 14.8 16.2 15.8 150

Primary school 747 728 750 748

Less than primary school 3.1 22 0.06 36 1.6 0.001
Occupation

Retired 516 546 50.9 53.0

Working 13.1 1.3 104 114

Housewife 315 316 35.7 330

Unemployed/unable to work 38 26 0.02 30 27 0.51
Marital Status

Married 759 789 756 789

Single 3.7 3.7 35 39

Widowed 186 151 19.1 154

Divorced or separated 18 2.2 0.22 1.8 1.8 0.12
Number of People in Household 1.7 (1.3) 1.7 (14) 0.89 16 (1.1) 16 (1.5) 0.87
Health-Related Characteristics at Baseline
Number of CVD Risk Factors®

0-1 58 76 6.7 10.1

2 27.1 315 286 330

3 39.1 387 375 376

4 219 177 21.2 16.2

5-6 6.1 45 <0.001 6.0 3.1 <0.001
Type 2 diabetes 515 443 <0.001 53.1 446 <0.001
Hypertension 82.2 81. 0.60 822 80.2 0.21
Hypercholesterolemia 70.8 733 0.06 66.5 69.5 0.12
Family history of premature CHD 24.1 219 0.10 247 17.5 <0.001
Depression 18.1 16.2 0.10 179 14.8 0.04
Obesity 490 428 <0.001 474 42.7 0.02
SBP (mmHg) 148.5 (20.7) 149.7 (20.6) 0.07 1485 (20.6) 150.5 (20.9) 0.02
DBP (mmHg) 82.9 (10.8) 83.5(11.1) 0.09 833 (11.2) 84.1 (109 0.10
Waist circumference (cm) 101.2 (10.0) 99.1 (10.6) 0.004 100.8 (10.3) 98.7 (10.0) <0.001
Physical activity (MET-min/d)

T1 (low) 36.1 27.7 36.7 24.7

T2 343 336 340 335

T3 (high) 29.6 386 <0.001 294 418 <0.001
Smoking status

Never 62.1 60.7 65.0 61.5

Former 14.7 129 129 14.1

Current 232 264 <0.03 22.1 244 022
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Table 1 Baseline characteristics according to a 14-point dietary adherence score after 1, 4 years of follow-up? (Continued)

Total energy intake (kcal/day)®

Q1 (low) 27.3 214
Q2 245 25.1
Q3 253 26.5
Q4 (high) 230 27.1
Alcohol other than wine (g/day)
<10 men, <5 women 579 576
10-50 men, 5-10 women 14.2 147
> 50 men, > 10 women 279 27.7
14-point adherence score® 82 (1.8) 93 (1.8)
Intervention Design Features
Intervention Group
MedDiet + EVOO 580 492
MedDiet + Nuts 420 50.8
Total workload of center (person-years) f
Q1 (low) 344 26.7
Q2 273 268
Q3 22.7 322
Q4 (high) 15.6 154

246 19.9
242 229
237 270
<0.001 276 303 0.02
586 57.0
14.7 14.7
0.90 26.7 283 0.68
<0.001 8.5 (2.0) 93 (1.9) <0.001
60.7 532
<0.001 393 46.8 <0.001
254 233
413 330
19.9 12.2
<0.001 134 315 <0.001

@ Those randomized after November 2006 did not have the opportunity to provide information on 4-year adherence. ® A validated MedDiet adherence assessment tool was
used. 1 point was added for each item in adherence with the traditional MedDiet. High adherence = adherence with >11 items on 14-point dietary adherence score. Low
adherence = adherence with <11 items. © Total CVD risk score was calculated by summing the following CVD risk factors: type 2 diabetes, hypertension, high blood
cholesterol, family history of premature CHD, depression, obesity.  Tertiles of physical activity (MET-min/d): T1: <108; T2: 108-268; T3: >268. © Quartiles of energy intake (kcal/
d), by sex: Men: Q1: <2051; Q2: 2051- < 2394; Q3:2934- < 2801; Q4: >2801. Women: Q1: <1786; Q2: 1786- < 2109; Q3: 2109- < 2465; Q4: >2465. f Measured in quartiles of
person years at center. After 1 Year: Q1: 133- < 352; Q2: 352- < 537; Q3: 537- < 650; Q4: >650. After 4 years: Q1: 893- < 1220; Q2: 1220- < 2175; Q3: 2175- < 2384; Q4: >2384

no longer associated with poorer four-year adherence.
After changing the dietary adherence cut-off points to >10
and >12 items (Additional file 2: Table S2), all associations
between potential predictors and lower four-year adher-
ence remained except for total number of cardiovascular
risk factors (no longer a predictor when cut-off point was
210 items), type 2 diabetes diagnosis (no longer a pre-
dictor when cut-point was >10 items), higher SBP (no lon-
ger a predictor for either alternative cut-point), and lower
total energy intake (no longer a predictor using either al-
ternative cut-off point). Baseline predictors of lower four-
year adherence that remained significant throughout all
sensitivity analyses included family history of CHD, lower
physical activity, lower baseline 14-point adherence score,
randomization to the MedDiet + EVOO arm, and belong-
ing to a PREDIMED center with a lower workload.

Medium-term adherence (two and three years of follow-up)
Additional file 2: Table S1 shows results for the associ-
ation between potential predictors and adherence at the
alternate time points of two and three years of follow-
up. All characteristics that predicted lower adherence at
both one and four years in the primary analysis multi-
variate logistic regression models (type 2 diabetes diag-
nosis, lower physical activity, lower total energy intake,

lower 14-point adherence score, randomization to the
MedDiet + EVOO arm, and belonging to a PREDIMED
center with a lower workload) also predicted low adher-
ence at both two and three years.

Additional file 2: Table S3 presents results from logistic
regression analyses of the association between MedDiet
intervention (nuts or EVOO) and dietary adherence to
nut and olive oil items on the 14-point dietary adherence
score (24 tbsp olive oil per day; olive oil as main culinary
fat; =3 servings of nuts per week). Those in the MedDiet
+ EVOO intervention arm had significantly higher odds of
complying with either of the two olive oil items (5 to 10
times the odds) at both one and four years of follow-up.
In contrast, those in the nut intervention group had about
20 times the odds of complying with the nut item.

Discussion

In the PREDIMED trial, baseline characteristics showing
the strongest associations with both low short-term and
low long-term dietary adherence with a MedDiet inter-
vention included a higher number of cardiovascular risk
factors (including specifically type 2 diabetes diagnosis),
larger waist circumference, lower levels of physical activ-
ity, lower baseline dietary adherence, randomization to
the MedDiet + EVOO intervention arm and belonging to
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Adherence: Adherence: Three

One Year of Follow-Up | | Four Years of Follow-Up years

Demographic Characteristics X = significantly associated with poorer compliance

Female Gender X X X
Younger Age at baseline X
Educational level

University or higher (referent)

Secondary school

Primary School

Less than primary school
Occupation

Retired (referent)

Working X X X

Housewife

Unemployed/unable to work
Marital Status

Married (referent)

Single

Widowed

Divorced or separated
Number of people in household

X X

Health-Related Characteristics at Baseline

Higher number of Risk Factors X
Diabetes Diagnosis X X X
Hypertension

Hypercolesterolaemia

Family history of premature CHD| X X

Depression
Obesity X
Higher SBP X
Higher DBP
Larger Waist circumference X X X
Lower Physical activity X X X
Smoking Status
Never (referent)
Former X
Current
Lower total energy intake X X
Alcohol other than wine
<10 men, <5 women (referent)
10-50 men, 5-10 women X
>50 men, >10 women
Lower 14-point adherence score X X X

i
[l
X
s
>
>

Study Design Features

Olive Oil Intervention Group X X X

PREDIMED center workload X X X X X X X X X X

adherence with the 14-point MedDiet score

Fig. 1 Summary of primary and sensitivity analysis results from multivariate logistic regression models investigating predictors of dietary

a PREDIMED center with a lower workload, measured by
total person years of follow-up.

Study design
It is not surprising that the total workload (measured in
person years) at a PREDIMED center was associated

with both short-term and long-term adherence; the
workload likely represents the level of experience the re-
search team had with intervention delivery. Similar find-
ings have been observed in hospitals, where quality of
care is often related to number of administered proce-
dures [52]. This finding suggests that multicenter
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Table 2 Odds of high adherence with the MedDiet intervention at one and four years of follow-up®
OR (95 % Cl) for dietary adherence (211 vs. <11 poims)b

1 Year 4 Years
Demographic Characteristics n Crude p Multivariate  p n Crude p Multivariate  p
Sex
Men 1820 1.00 (ref) 1.00 (ref) 1103 1.00 (ref) 1.00 (ref)
Women 2378 0.83 (0.73, 0.003 0.78 (0.64, 0.02 1350 0.76 (0.64, 0.001 092 (0.69, 0.59
0.94) 0.96) 0.90) 1.23)
Age at baseline (years)
<65 1627 1.00 (ref) 1.00 (ref) 868  1.00 (ref) 1.00 (ref)
=65 2571 1.01 (0.89, 0.90 0.98 (0.80, 0.80 1485 0.87 (0.74, 0.12 0.90 (0.73, 036
1.14) 1.15) 1.04) 1.12)
Educational level
University or higher 339 1.00 (ref) 1.00 (ref) 173 1.00 (ref) 1.00 (ref)
Secondary school 643 092 (0.71, 0.56 0.97 (0.73, 0.83 356 061 (042, 0.01 0.68 (0.46, 0.06
1.20) 1.28) 0.90) 1.02)
Primary School 3109 0.82 (0.65, 0.09 0.90 (0.70, 0.39 1768 0.64 (046, 0.009 081 (057, 0.26
1.03) 1.15) 0.90) 1.17)
Less than primary school 107 060 (0.39, 0.02 0.87 (0.54, 0.55 57 0.29 (0.15, <0.001 052 (0.27, 0.06
0.92) 1.39) 0.54) 1.01)
Occupation
Retired 2234 1.00 (ref) 1.00 (ref) 1127 1.00 (ref) 1.00 (ref)
Working 509 081 (067, 0.03 0.77 (0.61, 0.02 258 1.04 (0.89, 0.75 1.00 (0.72, 0.99
0.98) 0.96) 1.37) 1.38)
Housewife 1324 0.95 (0.83, 0.44 1.12 (0.93, 0.51 802 0.89 (0.74, 0.19 1.03 (0.81, 0.80
1.09) 1.33) 1.06) 1.32)
Unemployed/unable to work 131 064 (045, 0.01 0.14 (047, 0.06 66 0.87 (0.53, 0.59 1.00 (0.58, 0.99
0.91) 1.01) 1.44) 1.73)
Marital Status
Married 3266 1.00 (ref) 1.00 (ref) 1824 1.00 (ref) 1.00 (ref)
Single 157 097 (0.70, 0.85 1.02 (0.72, 092 88 1.08 (0.70, 0.73 0.93 (0.58, 0.76
1.34) 143) 1.68) 1.49)
Widowed 668 087 (0.74, 0.07 1.00 (0.83, 0.99 399 0.77 (062, 0.02 0.86 (067, 0.26
1.03) 1.21) 0.96) 1.11)
Divorced or separated 107 0.75 (0.51, 0.15 0.99 (0.66, 097 42 091 (49,169 0.76 1.16 (0.60, 0.65
1.10) 1.50) 2.25)
Number of people in household 4198 1.00 (0.96, 0.89 1.04 (0.99, 0.12 2353 1.01 (0.94, 0.87 0.99 (0.92, 0.70
1.05) 1.10) 1.07) 1.06)
Health-Related Characteristics at
Baseline
Number of CVD Risk Factors <
0-1 285 1.00 (ref) 1.00 (ref) 204 1.00 (ref) 1.00 (ref)
2 1237 0.89 (0.68, 094 (0.71, 734 0.76 (0.55, 0.82 (0.58,
1.15) 1.25) 1.05) 1.17)
3 1632 0.76 (0.59, 0.94 (0.77, 884 066 (048, 0.83 (0.58,
0.98) 1.24) 091) 1.18)
4 824 062 (047, 0.87 (0.64, 429 050 (0.35, 0.71 (048,
0.81) 1.18) 0.71) 1.04)
5-6 220 0.57 (040, <0.001 0.83 (0,56, 0.26 102 034 (0.21, <0.001 047 (0.27, 0.009
0.81) 1.23) 0.56) 0.80)

Individual CVD Risk Factors
Type 2 Diabetes
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Table 2 Odds of high adherence with the MedDiet intervention at one and four years of follow-up® (Continued)

No 2199 1.00 (ref) 1.00 (ref) 1221 1.00 (ref) 1.00 (ref)
Yes 1999 0.75 (0.66, <0.001 0.77 (0.66, <0.001 1132 0.71 (0.60, <0.001 0.74 (061, 0.003
0.85) 0.88) 0.84) 0.90)
Hypertension
No 757 100 (ref) 1.00 (ref) 447 1.00 (ref) 1.00 (ref)
Yes 3441 097 (0.83, 0.68 0.89 (0.74, 0.20 1906 0.87 (0.71, 0.21 0.77 (061, 0.04
1.13) 1.06) 1.08) 0.99)
Hypercolesterolaemia
No 1169 1.00 (ref) 1.00 (ref) 748 1.00 (ref) 1.00 (ref)
Yes 3029 1.14(0.99, 0.06 1.06 (0.92, 042 1605 1.15 (0.96, 013 1.11 (0.91, 029
1.30) 1.24) 1.37) 1.36)
Family history of premature CHD
No 3237 1.00 (ref) 1.00 (ref) 1871 1.00 (ref) 1.00 (ref)
Yes 91 0.89(0.77, 0.10 0.88 (0.75, 011 482 064 (0.53, <0.001 0.63 (0.50, <0.001
1.02) 1.03) 0.79) 0.78)
Depression
No 3481 1.00 (ref) 1.00 (ref) 1975 1.00 (ref) 1.00 (ref)
Yes 717 087 (0.74, 010 097 (081, 0.71 378  0.79 (0.64, 004 081 (063, 0.09
1.02) 1.15) 0.99) 1.03)
Obesity
No 2282 1.00 (ref) 1.00 (ref) 1302 1.00 (ref) 1.00 (ref)
Yes 1916 0.78 (0.69, <0.001 1.12(0.95, 0.17 1051 0.83 (0.70, 0.02 1.14 (091, 0.24
0.88) 1.32) 0.97) 143)
SBP (per 5 mmHg) 4198 1.01 (1.00, 0.07 1.00 (0.99, 0.70 2353 1.02 (1.00, 0.02 1.01 (0.99, 031
1.03) 1.02) 1.04) 1.04)
DBP (per 5 mmHg) 4198 1.02 (1.00, 0.09 1.02 (0.98, 038 2353 1.03 (0.99, 0.10 1.00 (0.95, 0.90
1.05) 1.05) 1.07) 1.05)
Waist circumference (per 5 cm) 4198 0.90 (0.88, <0.001 092 (0.88, <0.001 2353 090 (0.87, <0.001 097 (0.92, 0.22
0.93) 0.95) 0.94) 1.02)
Physical activity (MET-min/d) “*
T1 (low) 1332 1.00 (ref) 1.00 (ref) 703 1.00 (ref) 1.00 (ref)
T2 1414 1.28 (1.10, 1.13 (097, 785 146 (1.19, 1.29 (1.04,
1.48) 1.33) 1.80) 1.60)
T3 (high) 1452 1.70 (146, <0.001 1.38(1.17, <0.001 865 2.12(1.72, <0.001 1.62(1.29, <0.001
1.98) 1.63) 2.60) 2.04)
Smoking Status
Never 2576 1.00 (ref) 1.00 (ref) 1482 1.00 (ref) 1.00 (ref)
Former 574 0.0 (0.75, 0.24 0.83 (0.67, 0.10 320 1.16 (0.90, 025 097 (0.71, 0.83
1.08) 1.04) 1.48) 1.31)
Current 1048 1.17 (1.01, 0.04 1.05 (0.87, 0.63 551 1.17 (0.95, 013 1.01 (0.78, 0.96
1.35) 1.26) 142) 1.30)
Total energy intake (kcal/day) <
Q1 (low) 1017 1.00 (ref) 1.00 (ref) 568  1.00 (ref) 1.00 (ref)
Q2 1038 1.31 (1.10, 1.20 (1.00, 858 1.17 (0.92, 1.08 (0.84,
1.56) 1.45) 1.49) 1.40)
Q3 1078 1.34 (1.13, 1.16 (0.96, 363 141 (1.11, 1.28 (0.99,
1.59) 1.39) 1.79) 1.65)
Q4 (high) 1065 1.50 (1.26, <0.001 1.32(1.09, 0009 564 1.36(1.08, 0.007  1.27 (0.99, 0.04
1.79) 1.58) 1.72) 1.64)

Alcohol other than wine (g/day)
<10 men, <5 women 2429 1.00 (ref) 1.00 (ref) 1360 1.00 (ref) 1.00 (ref)
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Table 2 Odds of high adherence with the MedDiet intervention at one and four years of follow-up® (Continued)

10-50 men, 5-10 women 606 1.04 (0.87, 0.67 0.88 (0.72, 0.21 344 103 (081, 0.81 0.80 (0.61, 011
1.24) 1.08) 1.31) 1.05)
> 50 men, >10 women 1163 1.00 (0.87, 097 0.93 (0.80, 039 649  1.09 (0.90, 038 1.03 (0.83, 0.77
1.15) 1.09) 1.32) 1.28)
14-point adherence score °
<N 3416 1.00 (ref) 1.00 (ref) 1864 1.00 (ref) 1.00 (ref)
211 782 341 (2.85, <0.001 325271, <0.001 489 206 (1.66,26) <0001 1.81 (144, <0.001
4.07) 391) 2.27)
Study Design Features
Intervention Group
MedDiet + nuts 1962 1.00 (ref) 1.00 (ref) 1027 1.00 (ref) 1.00 (ref)
MedDiet + EVOO 2236 0.70 (0.62, <0.001 0.70 (0.62, <0.001 1326 0.74 (062, <0.001 0.74 (062, 0.001
0.79) 0.80) 0.87) 0.88)
Total workload of center (person-
years) 9
Q1 (low) 1247 1.00 (ref) 1.00 (ref) 624 1.00 (ref) 1.00 (ref)
Q2 1133 1.31(1.12, 134 (112, 361 0.87(0.70, 0.87 (0.69,
1.54) 1.59) 1.08) 1.10)
Q3 1168 1.90 (1.61, 1.75 (146, 804 067 (0,51, 0.74 (0.56,
2.23) 2.10) 0.87) 0.99)
Q4 (high) 650 1.32 (1.10, <0.001 148 (1.19, <0.001 564 2.56(1.98, <0.001 227 (1.72, 0.004
1.60) 1.79) 331) 3.00)

? ORs < 1 imply poorer adherence. ORs > 1 imply better adherence. A validated MedDiet adherence assessment tool was used. 1 point was added for each item in
adherence with the traditional MedDiet. High adherence = adherence with >11 items on 14-point dietary adherence score. Low adherence = adherence with <11
items. ® All models are from logistic regression analysis. Multivariate models are mutually adjusted for all characteristics displayed in this table including total CVD
risk score but excluding individual CVD risk factors (type 2 diabetes, hypertension, hypercholesterolaemia, family history of pre-mature CHD, depression, obesity).
When an individual CVD risk factors was the exposure of interest, the model was mutually adjusted for other individual CVD risk factors but not total CVD risk
score. © P-values for trend were calculated by assigning the median value to each category and treating the resulting variable as continuous ¢ Total CVD risk score
calculated by summing the following CVD risk factors: type 2 diabetes, hypertension, high blood cholesterol, family history of premature CHD, depression, obesity. €
Tertiles of physical activity (MET-min/d): T1: <108; T2: 108-268; T3: >268. " Quartiles of energy intake (kcal/d), by sex: Men: Q1: <2051; Q2: 2051- < 2394; Q3:2934- < 2801;
Q4: >2801. Women: Q1: <1786; Q2: 1786- < 2109; Q3: 2109- < 2465; Q4: >2465. 9 Measured in quartiles of person years at center. After 1 Year: Q1: 133- < 352; Q2: 352-<
537; Q3: 537- < 650; Q4: >650. After 4 years: Q1: 893- < 1220; Q2: 1220- < 2175; Q3: 2175- < 2384; Q4: >2384

interventions should recruit participants to fewer centers
with more participants in each, instead of more centers
with fewer participants in each, to maximize effective-
ness and adherence. Streamlining intervention delivery
would have an added benefit of reducing costs. While
this would not explain the difference in adherence, this
would free up resources for increased support for partic-
ipants at risk of poor or suboptimal adherence.
Participants randomized to the MedDiet+EVOO
(compared to tree nuts) had lower dietary adherence.
This is probably because olive oil is a staple ingredient
in the Spanish diet; participants consume olive oil re-
gardless of supplementation from PREDIMED. Nut con-
sumption is not as commonplace. As a result, it is easier
for the nut group to adhere to the olive oil criteria com-
pared to the olive oil group’s ability to adhere to the nut
criteria. Additional file 2: Table S3 shows that interven-
tion group is a much stronger predictor of complying
with the nut adherence item compared to the olive oil
adherence items. This suggests that, for dietary interven-
tions providing participants with complementary food

items, it may be most effective to provide them with
foods that are less commonplace.

Baseline health and lifestyle characteristics

In the present study, many predictors of low adherence
with the MedDiet are indicators of poorer baseline
health, including various cardiovascular risk factors, less
physical activity, and poorer baseline diet. These re-
sults are consistent with previous findings investigat-
ing predictors of adherence with dietary interventions
for reducing fat [29] and carbohydrates [28], family-
level interventions [34], and MedDiet interventions
[35, 37]. Baseline health status may indicate how
much a person values his or her health, which may
moderate one’s motivation to comply with the inter-
vention. Alternatively, some research suggests that in-
dividuals may be more willing or motivated to make
dietary and lifestyle improvements following a medical
diagnosis [53]. These findings do not necessarily
contradict this notion, as many of these indicators of
baseline health are likely long-standing conditions
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Table 3 Odds of high adherence with the MedDiet intervention every year throughout four years of follow-up. °
OR (95 % Cl) for dietary adherence (211 vs. <11 points)b

Demographic Characteristics n Crude Model p Multivariate p
Sex

Men 815 1.00 (ref) 1.00 (ref)

Women 1103 0.69 (0.57, 0.84) <0.001 0.72 (049, 1.05) 0.09
Age at baseline (years)

<65 683 1.00 (ref) 1.00 (ref)

265 1235 0.94 (0.77,1.15) 0.57 0.85 (0.65, 1.12) 0.25
Educational level

University or higher 146 00 (ref) 1.00 (ref)

Secondary school 294 0.59 (0.39, 0.89) 0.01 0.71 (044, 1.14) 0.15

Primary School 1435 0.62 (044, 0.89) 0.006 0.78 (0.52, 1.18) 0.24

Less than primary school 43 0.23 (0.09, 0.57) 0.002 0.53 (0.19, 1.48) 023
Occupation

Retired 1017 00 (ref) 1.00 (ref)

Working 197 0.79 (0.56, 1.10) 0.16 0.72 (047,1.11) 0.14

Housewife 662 0.85 (0.68, 1.05) 0.12 1.00 (0.72, 1.38) 0.98

Unemployed/unable to work 42 048 (0.22, 1.04) 0.06 0.72 (030, 1.71) 046
Marital Status

Married 1484 00 (ref) 1.00 (ref)

Single 76 04 (0.64, 1.71) 0.86 0.85 (047, 1.51) 058

Widowed 324 0.78 (0.60, 1.02) 0.07 0.89 (0.64, 1.24) 0.50

Divorced or separated 34 0.66 (0.29, 1.46) 0.30 1.35 (0.54, 3.40) 0.52
Number of people in household 1918 05 (0.96, 1.14) 0.31 1.02 (091, 1.14) 0.76
Health-Related Characteristics at Baseline
Number of CVD Risk Factors ¢

0-1 171 00 (ref) 1.00 (ref)

2 595 0.95 (0.67, 1.35) 1.13(0.75, 1.68)

3 714 062 (0.44, 1.87) 091 (060, 1.37)

4 352 0.45 (0.30, 0.66) 0.78 (048, 1.25)

5-6 86 0.18 (0.08, 0.38) <0.001 0.27 (0.12, 0.63) 0.003
Type 2 Diabetes

No 993 1.00 (ref) 1.00 (ref)

Yes 925 0.63 (0.52,0.77) <0.001 0.73 (0.56, 0.93) 0.01
Hypertension

No 367 1.00 (ref) 1.00 (ref)

Yes 1551 0.89 (0.70, 1.14) 0.36 0.75 (0.56, 1.02) 0.07
Hypercolesterolaemia

No 604 1.00 (ref) 1.00 (ref)

Yes 1314 1.04 (0.84, 1.28) 0.75 1.12 (0.87, 1.44) 0.39
Family history of premature CHD

No 1537 1.00 (ref) 1.00 (ref)

Yes 381 0.74 (0.57, 0.95) 0.02 0.72 (0.54, 0.97) 0.03

Depression
No 1607 1.00 (ref) 1.00 (ref)
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Table 3 Odds of high adherence with the MedDiet intervention every year throughout four years of follow-up. ® (Continued)

Yes 311 0.72 (0.55, 0.95) 0.02 0.69 (0.50, 0.95) 0.02
Obesity

No 1054 00 (ref) 1.00 (ref)

Yes 864 0.57 (047, 0.70) <0.001 0.84 (063, 1.12) 0.23
SBP (per 5 mmHg) 1918 3 (1.01, 1.06) 0.004 1.02 (0.98, 1.05) 034
DBP (per 5 mmHg) 1918 4 (1.00, 1.09) 0.04 1.00 (0.94, 1.07) 094
Waist circumference (per 5 cm) 1918 0.82 (0.78, 0.87) <0.001 0.93 (0.88, 1.00) 0.04
Physical activity (MET-min/d)

T1 (low) 552 1.00 (ref) 1.00 (ref)

T2 642 162 (1.24,2.12) 1.27 (094, 1.71)

T3 (high) 724 263 (2.04, 3.40) <0.001 1.60 (0.18, 2.17) 0.002
Smoking Status

Never 1209 1.00 (ref) 1.00 (ref)

Former 251 1.04 (0.78, 1.41) 0.75 0.75 (0.51, 1.11) 0.15

Current 458 1.08 (0.86, 1.36) 0.51 0.82 (0.59, 1.14) 0.25
Total energy intake (kcal/day) '

Q1 (low) 405 1.00 (ref) 1.00 (ref)

Q2 443 1.11 (0.82, 1.50) 1.00 (0.71, 1.40)

Q3 499 1.37(1.03, 1.82) 1.19 (0.84, 1.65)

Q4 (high) 571 1.15 (0.87, 1.53) 029 1.12 (0.80, 1.56) 039
Alcohol other than wine (g/day)

<10 men, <5 women 1125 1.00 (ref) 1.00 (ref)

10-50 men, 5-10 women 270 1.25 (0.95, 1.65) 0.12 087 (061, 1.23) 043

> 50 men, >10 women 523 0.95 (0.75, 1.19) 063 095 (0.72, 1.25) 0.69
14-point adherence score ?

<11 1528 1.00 (ref) 1.00 (ref)

211 390 295 (2.34,3.71) <0.001 263 (202, 342) <0.001

Study Design Features

Intervention Group

MedDiet + Nuts 809 1.00 (ref) 1.00 (ref)

MedDiet + EVOO 1109 0.68 (0.56, 0.82) <0.001 0.66 (0.53, 0.83) <0.001
Total workload of center (person-years) 9

Q1 (low) 267 0 (ref) 1.00 (ref)

Q2 809 0.54 (0.39, 0.74) 0.56 (0.40, 0.80)

Q3 311 045 (0.30, 0.67) 0.52 (0.34, 0.80)

Q4 (high) 531 350 (2.55,4.79) <0.001 317 (222,4.52) <0.001

@ ORs < 1 imply poorer adherence. ORs > 1 imply better adherence. A validated MedDiet adherence assessment tool was used. 1 point was added for each item in
adherence with the traditional MedDiet. High adherence = adherence with >11 items on 14-point dietary adherence score. Low adherence = adherence with <11 items.
B All models are from logistic regression analysis. Multivariate models are mutually adjusted for all characteristics displayed in this table including total CVD risk score
but excluding individual CVD risk factors (type 2 diabetes, hypertension, hypercholesterolaemia, family history of pre-mature CHD, depression, obesity). When an
individual CVD risk factors was the exposure of interest, the model was mutually adjusted for other individual CVD risk factors but not total CVD risk score. € P-values for
trend were calculated by assigning the median value to each category and treating the resulting variable as continuous. ¢ Risk score calculated by summing the
following CVD risk factors: type 2 diabetes, hypertension, high blood cholesterol, family history of premature CHD, depression, obesity. € Tertiles of physical activity
(MET-min/d): T1: <108; T2: 108-268; T3: >268.  Quartiles of energy intake (kcal/d), by sex: Men: Q1: <2051; Q2: 2051- < 2394; Q3:2934- < 2801; Q4: >2801. Women: Q1:
<1786; Q2: 1786- < 2109; Q3: 2109- < 2465; Q4: >2465. 9 Measured in quartiles of person years at center. After 4 years: Q1: 893- < 1220; Q2: 1220- < 2175; Q3: 2175-<
2384; Q4: >2384
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and/or habits; the time during which one is more
motivated to make improvements may have passed.
Regardless, unhealthy individuals have a greater need
for dietary improvement. Thus, they are often the
most important targets of dietary interventions. Per-
sonalized, higher-intensity intervention approaches
may be needed to achieve optimal adherence among
less healthy individuals.

Demographic characteristics

Like this study, most previous studies [35, 37] found that
women have lower adherence than men. The only excep-
tion was a family intervention study [34]. It is possible that
because mothers traditionally plan family meals, they were
motivated to set a positive example through intervention
adherence [34]. However, in this study population, it is
possible that spouses and children influence meal prepar-
ation, leading to these disparate findings. Different strat-
egies likely have different levels of effectiveness based on
sex [54]. However, in the present study the female sex only
predicted lower adherence at one year of follow-up, and
not four years.

There have been conflicting findings about the rela-
tionship between age and dietary adherence [27, 29, 37].
The age range in the present study was restricted to 55—
80 years; hence little age variability likely limited the
ability to detect an association.

There was little evidence for an association between edu-
cational attainment and intervention adherence. While par-
ticipants with less than a primary school education had
lower long-term adherence than those with university level
or higher, this did not hold in several sensitivity analyses.
Previous studies have found that higher socioeconomic sta-
tus predicted better dietary adherence, but findings did not
hold for long-term adherence [27, 29] and were limited to
low-fat dietary interventions [33]. This suggests that dietary
interventions may be able to overcome the socioeconomic
disparities that often exist in nutrition [55].

Further discussion

The present study has several strengths. First, the sample
size was large and it was conducted in an established,
long-term, and successful randomized trial. Second, be-
cause all study participants were at high risk for CVD, it
was possible to assess adherence among participants who
were less healthy compared to the general population. Be-
cause they also were likely to have poorer baseline diets,
adherence was probably especially challenging for these
individuals. Thus, significant predictors of adherence may
be even more meaningful in this setting. Third, this is one
of the few studies that has been able to assess long-term
dietary adherence. This is critical, as long-term, high-
quality dietary pattern is the relevant dietary exposure for
the prevention of chronic disease. Fourth, mutually
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adjusting for a wide array of baseline characteristics mini-
mized residual confounding. Lastly, significant measure-
ment error is unlikely because only 0.3 % of covariate
values were missing, a validated measure for assessing
dietary adherence was used [46], and previous analyses
show that self-reported dietary intake is highly correlated
with biomarkers in this population [18, 23].

It is important to note that because the high adher-
ence is not rare, the ORs do not approximate risk ratios
(RRs) and thus should not be incorrectly interpreted
as RRs. However, provided appropriate interpretation,
ORs still provide valid estimates, and it is more ap-
propriate to apply OR estimates to all individuals
within a population. Furthermore, because an OR in-
corporates both success and failure symmetrically, it
is less arbitrary than a RR and thus a more robust es-
timate [56].

There are also limitations in this study. The poten-
tial for measurement error always exists. To include
as many people as possible in the present analyses,
missing covariate values were imputed for 0.3 % of
values. Recall bias, social desirability bias and differ-
ential misreporting are always possible when diet is
self-reported. Finally, it is always possible that failure
to control for unmeasured confounders may have
distorted results for predictors of dietary adherence.
However, analyses were adjusted for a wide array of
important baseline characteristics, and a strong con-
founder unrelated to these characteristics is unlikely.
This unique population of older Spanish participants
at high risk for cardiovascular disease may have low
generalizability to the general public at lower risk of
CVD.

The relative success of a dietary intervention to induce
changes in the overall food pattern has been more fre-
quently ascribed to strategies related to negotiation, goal
setting, self monitoring, and skill building [57-59].
Other strategies such as the training of dietitians, length
and intensity of intervention, frequency of contacts,
multiplicity of channels used for the delivery of the
intervention, the initial motivation of participants for ad-
herence, and the provision of appropriate means for
feedback should not be forgotten.

It is clear that certain participants have greater diffi-
culty complying with dietary interventions. Our results
identify specific baseline characteristics that predict
better adherence, which is an instrumental first step for
designing personalized intervention delivery strategies.
However, further research is needed to also identify
barriers to dietary adherence. Identifying both individ-
ual and universal barriers will have important implica-
tions for exactly how to promote adherence, and allow
for an even more targeted and personalized interven-
tion approach.
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Conclusion

Investigators should design dietary interventions for max-
imum dietary adherence. Long-term adherence is especially
important. With a growing worldwide interest in interven-
tions promoting the MedDiet, these results suggest the
need for an early identification of participants with lower
baseline adherence to a healthy diet and poorer health sta-
tus. Additional efforts to promote adherence might be re-
quired among this group. Further research is needed to
identify the most effective approach for overcoming the in-
herent difficulties in achieving optimal adherence, including
identifying barriers to dietary change and adherence at an
individual level. For multi-centered studies, it may be more
effective to streamline intervention delivery by allocating
participants to few large centers rather to many small cen-
ters; a higher volume of participants per dietitian in these
large center will be more effective to obtain adherence.
Dietary intervention studies designed to maximize adher-
ence will contribute higher quality public health research
and generate more effective and permanent dietary im-
provements among participants. This will ultimately
decrease the burden of diet-related non-communicable
diseases.
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