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ABSTRACT 

Background: Determinants of dietary changes obtained with a nutritional intervention 
promoting the Mediterranean diet have been rarely evaluated. 

Aim of the study: To identify predictors of higher success of an intervention aimed to 
increase adherence to a Mediterranean diet (MeDiet) in individuals at high 
cardiovascular risk participating in a trial for primary prevention of cardiovascular 
disease: the PREDIMED (PREvención con DIeta MEDiterránea) trial. Candidate 
predictors included demographic and socioeconomic characteristics, cardiovascular 
risk-factors and baseline dietary habits. 

Methods: 1048 asymptomatic subjects aged 55-80 years allocated to the active 
intervention groups (subjects in the control group were excluded). Participants’ 
characteristics were assessed at baseline among subjects. Dietary change were 
evaluated after 12 months. Main Outcome measures were: attained changes in 5 
dietary goals: increases in 1) fruit consumption; 2) vegetable consumption, 3) 
monounsaturated fatty acid (MUFA)/ saturated fatty acid (SFA) ratio, and decreases in 
4) sweets and pastries consumption, 5) and meat consumption. Univariate and 
multivariate logistic regression analyses were used to examine associations between 
the candidate predictors and likelihood of attaining optimum dietary change (improved 
adherence to a MeDiet). 

Results: Among men, positive changes toward better compliance with the MeDiet were 
more frequent among non-diabetics, and among those with worse dietary habits at 
baseline (higher consumption of meat, higher SFA intake, lower consumption of fruit 
and vegetables). Among women, marital status (married) and worse baseline dietary 
habits (high in meats, low in fruits and vegetables) were the strongest predictors of 
success in improving adherence to the MeDiet.  

Conclusions/ applications: Some participant characteristics (marital status, and 
baseline dietary habits) could contribute to predicting the likelihood of achieving dietary 
goals in interventions aimed to improve adherence to a MeDiet and may be useful for 
promoting individualized long-term dietary changes and improving the effectiveness of 
dietary counseling. 
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INTRODUCTION 

Diet-related chronic diseases (type 2 diabetes, cardiovascular disease (CVD), obesity 
and some cancers) are a serious public health concern in Western countries [12,36], 
and may reach epidemic proportions in developed and developing countries in the next 
two decades [2].  

For this reason, implementing actions focusing on reducing their prevalence and 
incidence, and, particularly, regarding CVD could have a great impact. Specifically, a 
means for achieving this goal consists on acquiring favourable dietary changes.  

During the last two decades, many studies have shown that a the Mediterranean-type 
diet (MeDiet) could prevent CVD and also protect against diabetes and several forms 
of cancer [3,7,15,16,20,27].  

However, it is very difficult to achieve effective dietary modifications in practice 
[10,11,30,37], although it is crucial to find out which are the predictive factors for 
success in acquiring and adhering to improved dietary habits. Several studies have 
addressed these predictors [14,28,29,35]. Up to now, the most important predictors of 
failure to achieve these changes are some sociodemographic characteristics, general 
health status [35], and lifestyle and psychological factors [28]. However, the fewer 
studies have evaluated the predictors of dietary response to a nutritional intervention 
promoting the MeDiet and have observed the influence of anthropometric, metabolic, 
socioeconomic and sociodemographic variables [8,9,24].  

The aim of this study was to identify predictors of long-term compliance to a dietary 
intervention emphasizing a MeDiet. These data come from the PREDIMED 
(PREvención con DIeta MEDiterránea) trial, the first large randomized controlled trial 
for the primary prevention of chronic disease that allocates participants to 1 of 3 dietary 
patterns, 2 MeDiet with different fat sources -mixed nuts or olive oil- and 1 low-fat diet 
(control group) [7,37]. 

METHODS 

Study population  

The present study was conducted within the framework of the PREDIMED trial. Details 
of the trial protocol have been published elsewhere [7,25,37]. The PREDIMED study is 
an ongoing multicenter, randomized, controlled, single-blinded 4-y trial. The protocol 
was approved by the review boards of all participating centers, according to the 
Helsinki Declaration [34]. The recruitment of 7,300 participants in primary care centers 
affiliated to 10 Spanish teaching hospitals took place between October 2003 and March 
2009. 

The PREDIMED trial is designed to assess the effects of the MeDiet on major 
cardiovascular events, using groups of participants assigned to 1 of 3 different dietary 
patterns. The assessment of selection criteria was performed by the participants' usual 



primary care physicians. The participants, aged 55 to 80 years, fulfilled at least 1 of the 
following criteria: type 2 diabetes or 3 or more CVD risk factors (smoking, hypertension, 
dislipemia, obesity, or family history of CVD). All participants provided written informed 
consent.  

Dietary intervention 

The PREDIMED dietitians from each clinical center received specific training and were 
responsible for the dietary education intervention. The message was always adapted to 
the participants’ beliefs, preferences and clinical conditions. Each participant in the 
control group had a first interview with a dietitian and received a leaflet with the 
recommendations based on American Heart Association guidelines and verbal 
instructions on the skills needed to adopt this type of diet [7] (www.predimed.org). No 
further visits were scheduled for the control group until the 12-month follow-up medical 
assessment. On the other hand, the intervention in the MeDiet groups consisted in: a) 
quarterly individual motivational interviews included positive and individualized 
recommendations to follow the corresponding MeDiet, b) quarterly group sessions 
separated for each of these intervention groups, c) written material with descriptions of 
typical Mediterranean foods, seasonal shopping lists, meal plans, and cooking recipes 
and d) free provision of virgin olive oil (1 L/wk) or mixed nuts (30 g/d) [37].  

 

Dietary assessment 

Data on dietary intake were collected at baseline and during the 12-month follow-up 
visit. All participants were also asked to complete a 137-items semi-quantitative food-
frequency questionnaire (FFQ) previously validated in Spain [18]. The frequencies 
were registered in nine categories that ranged from “never or almost never” to “≥6 
times/day”. The baseline adherence to the typical MeDiet was also measured by a 
simplified 14-item assessment questionnaire, an extension of a previously validated 
short questionnaire [17]. Energy and nutrient intake were derived using Spanish food 
composition tables [19,21].  

Assessment of the dietary outcome 

The outcome was defined as not attaining an adequate dietary response to 1 of the 
MeDiets after 12-month of follow-up. The baseline and the 12-month follow-up FFQs 
were used and included 5 items to calculate a dietary response score: any increase in 
the consumption of fruits, vegetables and the MUFA/SFA ratio and any decrease in the 
consumption of the meat group and in the group of sweets and pastries. A score was 
built assigning values of 0 or 1 to each of these 5 items. This score was calculated 
adding 1 point for any increase in the consumption of fruit, vegetables or in the 
MUFA/SFA ratio or for any decrease in the consumption of meat or sweets and 
pastries. Thus, the potential range of the estimated score was 0 to 5 points, with 5 
meaning maximum adherence and 0 meaning minimum adherence to the dietary 
goals. Finally, the score was categorized in 2 groups: subjects with ≥4 points (success) 
versus subjects with <4 points (failure).  

Assessment of non-dietary variables 



During the baseline visit, sociodemographic data and information regarding physical 
activity gathered with the validated Spanish version of the Minnesota questionnaire 
were collected [5,6].   

Blood pressure was measured in triplicate with a validated semi-automatic oscillometer 
(Omrom HEM-705CP, Hoofddorp, the Netherlands), weight was taken using calibrated 
scales (TBF-300A Body Composition Analiser/Scale, TANITA©, Tokyo, Japan, USA) 
and height measured using a wall-mounted stadiometer (Seca 242, HealthCheck 
Systems, Brooklyn, NY) by trained nurses. 

Potential predictors 

The potential predictors were intervention group, sex, age, marital status, educational 
level, occupation, smoking, baseline body mass index, hypertension, diabetes, 
hypercholesterolemia, baseline physical activity, baseline 14-item score, baseline 
consumption of fruits, vegetables, meat, sweets, fish, legumes, cereals and alcohol, the 
baseline intake of MUFA/SFA ratio, total energy, lipids, carbohydrates, proteins, 
cholesterol, fiber and SFA.  

 

Statistical methods 

Data for the first 1,066 participants followed-up for one year, with complete information 
for the baseline and for the 12-month follow-up FFQ and assigned to one of the 2 
MeDiets were available. 18 subjects were excluded because extreme baseline total 
energy intake (<800 kcal/d or >4,000 kcal/d in men and <500 kcal/d or >3,500 kcal/d in 
women) [40]. Thus, the effective sample size was 1,048 (509 men and 539 women).  

Dietary intakes were adjusted for total energy intake using the residuals method [32]. 

Quantitative variables were categorized into tertiles for all participants and separately 
for sex for the stratified analyses, always considering the lowest tertile as the 
reference. Chi-square tests were used to assess differences for proportions between 
groups. Logistic regression models were fitted to assess the association between 
several characteristics and the probability of reaching an adequate dietary change (≥4 
beneficial changes). An odds ratio (OR) greater than one expresses a suboptimal 
attainment of the intended goals, whereas OR lower than 1 means higher success. 
Moreover, we fitted multiple linear regression models to evaluate the association 
between some baseline characteristics and the absolute change in the score.  

In addition, sensitivity analyses were conducted to assess the association between 
candidate predictor variables and the following outcomes: a) achieving ≥3 or ≥2 points 
out of 5 possible points, b) increasing nut and olive oil consumption and c) increasing 
≥2 points or ≥3 points in the baseline 14-item score. Finally, multiple regression models 
were fitted to evaluate the association between candidate predictor variables and 
changes in the 14-item score or in the 5-item score (both as continuous variables and 
12 months after the intervention). 

All P values presented are 2-tailed and statistical significance was defined a priori at 
P<0.05. Data analyses were performed using SPSS 15.0 (SPSS Inc, Chicago, IL). 



RESULTS 

Among the 1,048 participants, the average age was 67.1 years. Table 1, 2 and 3 show 
the baseline characteristics of the participants according to sex, showing, within each 
characteristic, the percentage of participants who attained the highest success (≥4 of 5 
potential positive changes) in improving their adherence to a MeDiet after 1 year of 
follow-up.  A higher success, evaluated to achieve at least 4 of 5 favourable changes at 
1-year of dietary intervention, was observed among men and younger or non-diabetic 
participants and in both men and women with lower baseline consumption of fruits, 
vegetables and fish and with lower baseline fiber intake. However, separate 
multivariable logistic regression models were fitted for men and women, because the 
response to the dietary intervention according to other variables differed greatly 
between them.  

The results for the multivariable models are shown in Table 4. In men, the independent 
predictors for not meeting ≥4 dietary goals or changes related to baseline variables 
were: having a previous history of diabetes and having a high baseline consumption of 
fruits and vegetables. However, having family history of CVD at baseline or several 
characteristics of a worse dietary profile at baseline (high consumption of meat, high 
intake of carbohydrates or SFA) were associated with higher success or ≥ 4 favourable 
changes. In women, not being married, having diabetes and having higher baseline 
consumption of fruits, vegetables or fish were associated with a higher likelihood of not 
meeting ≥4 of the intended goals. In addition, having a high baseline consumption of 
meat and sweets-pastries was a significantly predictor of success. When the dietary 
profile at 12-month of those who attained ≥4 out of the 5 intended goals and those who 
did not were compared, the former group exhibited a healthier profile with significant 
differences for all food groups with the exception of fish and nuts (p= 0.16  and p=0.32, 
respectively). 

On the other hand, when we considered the absolute change in the score as 
dependent variable, the potential predictor variables were very similar, and the 
percentage of explained variability in the 5-item score was 21.3% and 25.3% for men 
and women, respectively.  

In addition, when the score was introduced as a continuous variable, participants 
without a previous history of diabetes, and those with lower baseline consumption of 
fruits or vegetables or higher consumption of meat or sweets-pastries exhibited a 
significant improvement in 12-month adherence to a MeDiet (data not shown). On the 
other hand, as expected, men and women who already had a higher baseline 
adherence to a MeDiet exhibited a smaller change, and a previous history of diabetes 
was inversely associated with the 12-month change in the 14-item baseline score (as a 
continuous variable) only among women (data not shown).  

When the cut-off point was changed (either ≥ 2 or ≥ 3 favourable changes out of the 5 
possible changes) the results were consistent. Among women and men the ORs were 
similar for diabetes (range 1.4-2.0), and for a higher baseline consumption of fruit, 
vegetables and meat (ranges 1.8-3.3; 2.8-4.1 and 0.3-0.5, respectively). On the other 
hand, in women and men the most important predictive factor for not meeting an 



increase of ≥ 2 or ≥ 3 points on the 14-item score after 1 year of follow-up,  was having 
already a high value in the MeDiet score at baseline.  

Among men, a higher baseline total energy intake (OR range: 1.3-1.7), or a high intake 
of fat (OR range: 1.8-3.4), fiber (OR range: 1.6-1.7) and a higher baseline MUFA/SFA 
ratio (1.8-3.8) were significantly associated with lower increases in the consumption of 
olive oil or nuts. Among women, a higher success was associated with having a higher 
baseline consumption of meat (OR: 0.6). 

DISCUSSION  

To our knowledge, this is the first prospective study assessing the factors associated 
with higher success in improving adherence to a MeDiet in a large randomized trial with 
community-dwelling participants at high cardiovascular risk in the Mediterranean area.   

In both men and women the strongest predictors of successful dietary changes were 
low baseline consumption of fruits and vegetables, among men having a family history 
of CVD, and among women, being married. Having diabetes at baseline predicted a 
lower likelihood of success in both men and women. 

Consistently with the literature, failure to meet the dietary goals was usually found 
among older participants [31,35], which may be explained because our participants had 
deeply rooted dietary habits and they were already fairly adherent to the MeDiet pattern 
at baseline [8,26].  

In contrast to previous findings [14,31], success was lower among women, in spite of 
the fact that women are usually more motivated to respond to health messages 
focused on diet [14]. A reason that may explain this is that their baseline dietary 
patterns were closer to the intended dietary goals than those of men, and a healthier 
diet at baseline was a major predictor of not attaining the intended changes.  

On the other hand, married men and non-married women were less likely to achieve 
the intended dietary goals, perhaps because married women have generally more 
responsibility for food purchasing and preparing meals [4] and thus they could more 
easily adopt the intended changes.  

Although other studies [24,29] found a positive association between educational level 
and adherence to a MeDiet, we did not. The main reason that may explain this finding 
is that in the PREDIMED study population the between-subject variability in educational 
levels is small, because the proportion of highly-educated subjects and, specifically, of 
those with a university degree was very small (7.6%), especially among women.  

Considering cardiovascular risk factors, in men and women the best predictor of 
success to improve the adherence to a MeDiet was not being diabetic at baseline. The 
difficulty of changing the dietary habits of diabetics, also observed in previous studies 
[1,22], may be explained by the fact that the diagnosis of this  disease might have led 
to beliefs or even medical advice which is not always consistent with the intended 
intervention, making it more difficult to achieve many favorable changes. Thus, a low 
fat diet has been consistently used in Spain to treat patients with diabetes and other 
CVD risk factors, and despite the increasing evidence of the MeDiet effectiveness, its 
use in primary health care settings is still very low, since it takes a long time for 



evidence to filter through into practice. This finding suggests that diabetics should 
receive a more intensive dietary counseling than other subjects, based on more 
frequent and individual contacts with the dietitians or on easy closed messages, for 
example. However, future trials on specific counseling and education for diabetics are 
needed. 

As expected, having baseline dietary habits which are farther away from the study 
goals predicted a higher success rate in reaching the intended dietary goals. This same 
association was also observed in the Women's Health Initiative Dietary Modification 
Trial [36]. There may well be a threshold of dietary change beyond which extraordinary 
efforts are needed. Also, greater success was achieved among participants with a low 
baseline consumption of typically “healthy” Mediterranean foods (fruits, vegetables and 
fish) and among those with high consumption of less “healthy” foods (meat or sweets). 
All these findings may also be explained because of regression towards the mean, and 
thus the participants with worst nutritional profile at baseline might tend to improve their 
nutritional profile at 1-year, whereas the best subjects at baseline will tend to do worse.   

Our study has some limitations. First, the study sample is not representative of the 
general population, but the potential benefits arising from improved lifestyles among 
high risk subjects are large. Second, it is possible that unmeasured factors that might 
be also strong predictors of our outcome may not have been accounted for. 
Nevertheless, a wide array of baseline participants’ characteristics, most of which were 
not related to success or failure in the intervention were assessed [7]. Third, the FFQ 
relies on self-reported information and some subjects may have distorted their actual 
food intake (social desirability bias). However, the use of a previously validated FFQ 
[18] and previous findings about the correlation between self-reported dietary intake 
and biomarkers of compliance in this study population [7,37] support the reliability of 
this information. Fourth, one critical point concerning trials is the applicability of the 
results to free-living subjects. In this regard, one strength of the PREDIMED trial is that 
it icludes community-dwelling participants similar to those in primary care settings [13]. 
Finally, residual confounding might be a possible explanation of our findings, as it is the 
case in any other epidemiological study. Nonetheless, the vast amount of baseline 
information collected [7] makes this unlikely.   

In summary, our results suggest that there are some baseline characteristics that could 
help to identify which subjects will respond better to a dietary intervention promoting a 
MeDiet, but further research is needed. Finally, if our findings are confirmed, they could 
prove useful for the development of targeted interventions in order to improve the 
design of large-scale interventions to change dietary habits in free living populations. 
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