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ABSTRACT

Background & Aims: A healthy lifestyle has been associated with longer telomeres,
but whether Mediterranean Diet (MeDiet) affect telomere length (TL) has not been fully
elucidated yet. Our aim was to assess the relationship between MeDiet and TL in high

cardiovascular risk subjects in the context of a randomized nutritional intervention trial.

Methods: We assessed 520 participants (55-80 years, 55% women) from the
PREDIMED-NAVARRA trial. Leukocyte TL was measured by qPCR at baseline and
after 5 years of a dietary intervention program where subjects were randomly assigned
to a low-fat control diet or to two MeDiets, one supplemented with extra virgin olive oil
(MeDiet-EVOO) and the other with mixed nuts (MeDiet-nuts). A validated 14-item
questionnaire was used to appraise baseline adherence of participants to the MeDiet.
Results: A greater adherence to MeDiet (14-item score) was associated with longer
basal telomeres in women in the baseline cross-sectional analysis, whereas the opposite
was observed in men (P interaction=0.036). Female subjects who scored 10 points had
longer basal telomeres (0.27, 95% CI: 0.03 to 0.52) than women scoring < 6 points at
the beginning of the study (-0.46, 95% CI: -0.85 to -0.7) (P=0.003). However,
allocation to the MeDiet-nuts group (-0.24, 95%CI: -0.38 to -0.01) was associated with
a higher risk of telomere shortening after 5 years of intervention, whereas no differences
were found for the MeDiet-EVOO group (0.14, 95%CI: 0.02 to 0.27), in comparison
with the Control group (0.07, 95% CI: -0.08 to 0.23) (P=0.003 and P=0.537,

respectively).

Conclusion: A greater baseline adherence to a Mediterranean dietary pattern was

associated with longer telomeres only in women. No beneficial effect of the intervention



with the MeDiet for the prevention of telomere shortening in comparison with a low-fat

diet was observed.
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INTRODUCTION

The Mediterranean diet (MeDiet) has been widely considered as a model of healthy
eating [1]. The traditional pattern is characterised by the daily use of olive oil as the
principal fat; an abundant consumption of fruits and vegetables, nuts, non-refined grains
and legumes; moderate to high consumption of fish and poultry; moderate-to-low intake
of dairy products mostly from fresh cheese and yogurt; moderate alcohol mostly in the
form of red wine in meals, and a less frequent consumption of red meat and meat
products [2]. Numerous epidemiological studies have explored the health benefits of the
MeDiet and evidence consistently shows that individuals who adhere to this dietary
pattern have healthier ageing and a longer life span, including a better cardiovascular

risk profile [3, 4].

Telomeres are nucleoprotein structures that protect the end of chromosomes maintaining
genome stability [5]. These telomeres, which are tandem TTAGGG repeats of DNA, are
also considered biomarkers of aging since they become shorter in each cell division,
indicating that the older an individual gets the shorter their telomeres are [6]. However,
it has been reported that lifestyle factors such as diet or physical activity could have an
important role in modulating telomere shortening [7]. Given that shorter telomeres have
been observed in patients with chronic diseases and accelerated telomere erosion is
associated to increased risk of developing age-related pathologies [8], it is very
important to identify environmental factors that could lessen telomere attrition.
Therefore, elucidating whether telomere length (TL) is a potential biomarker for
predicting risk of age-related diseases or for evaluating the effects of the diet could be
of high interest. However, it is not clear whether TL is itself causal or a biomarker of

underlying disease related mechanisms [8].



Chronic oxidative stress and inflammation have been reported as the main underlying
mechanisms responsible for telomere shortening [9]. In this context, the health effects
of MeDiet seem to support anti-inflammatory and antioxidant properties, among others
[10]. Indeed, some works have already shown the beneficial effect of the MeDiet on TL
[11-15]. Marin et al. [11] reported that a 4-week intervention with a MeDiet (enriched
in MUFA by virgin olive oil) prevented telomere shortening of endothelial cells in 20
elderly subjects. The cross-sectional study by Boccardi et al. [12] suggested that longer
telomeres and a higher telomerase activity was associated with better adherence to a
traditional MeDiet in 217 elderly subjects. Similarly, Crous-Bou ef al. [13] reported that
a greater adherence to the MeDiet was associated with longer telomeres in 4676
disease-free women belonging to the Nurses’ Health Study. Similarly, Gu et al. [14]
showed that higher adherence to the MeDiet was associated with longer telomeres
among whites but not among African Americans and Hispanics in a third cross-
sectional study conducted in 1743 multi-ethnic community residents of New York aged
65 years or older. Moreover, Garcia-Calzon et al. [15] also with data of the
PREDIMED-NAVARRA study found that higher adherence to the MeDiet pattern
contributed to the prevention of telomere shortening after 5 years among Ala carriers of
the Pro12Ala polymorphism of PPARG?2 gene. So far, as far as we know, the
PREDIMED-NAVARRA study is the only work with a longitudinal design and
repeated measurements of telomeres that has been conducted in high cardiovascular risk

subjects and with a long follow-up period.

However, more studies are needed to further confirm this remarkable finding.
Therefore, the main aim of the present investigation was to assess the association
between the Mediterranean dietary pattern and TL in high cardiovascular risk subjects

from the PREDIMED-NAVARRA trial. Thus, we hypothesized that a high adherence to



the MeDiet would be related to longer telomeres, both at the beginning of the study and

after 5 years of the nutritional intervention.

MATERIAL AND METHODS

Study design

This study has been conducted within the frame of the PREDIMED trial. The design
and methods of this trial have been reported in a specific publication [16]. The
PREDIMED study is a large, parallel-group, multicentre, randomized, controlled,
clinical trial designed to assess the effects of the Mediterranean diet on the primary
prevention of cardiovascular disease. Participants were randomly allocated to one of
three arms: Mediterranean diet supplemented with extra virgin olive oil (MeDiet-
EVOO), Mediterranean diet supplemented with mixed nuts (MeDiet-nuts) or a control

group (low-fat diet). Further details are also available at www.predimed.es.

The study population was composed of women (60 to 80 years) or men (55 to 80 years)
with no previously documented history of cardiovascular disease, but at high
cardiovascular risk. Inclusion criteria were either type-2 diabetes mellitus or at least
three of the following major cardiovascular risk factors: current smoking, hypertension,
elevated low-density lipoprotein cholesterol, low high-density lipoprotein cholesterol,

overweight/obesity or family history of premature coronary heart disease.

All subjects provided informed consent and the protocol was approved by the
institutional review boards according to the Principles of Helsinki Declaration. This trial

is registered at http://www.controlled-trials.com/ISRCTN35739639.

The present analysis deals with a subsample from one of the eleven recruitment centres

(PREDIMED-NAVARRA). The PREDIMED-NAVARRA recruitment centre included



1055 of the 7447 subjects participating in the trial, being the first of the eleven centres
to complete the enrolment of participants (June 2003 — May 2005). For this work, 520
participants with available DNA and information at baseline and after 5 years of the
nutritional intervention were included (Supplementary figure 1). Unfortunately, we lack
of some data and DNA samples after 5 years of several subjects which explains the loss
of participants. The lower number of subjects in the control group in comparison with
the other groups observed in our sub-study reflects the higher drop out in the control
group found in the PREDIMED trial, probably because participants did not receive food

incentives.

Dietary assessment

Participants completed a validated 14-item questionnaire to evaluate the adherence to a
Mediterranean dietary pattern at baseline [17, 18]. The higher the score is, the higher the
adherence to the MeDiet. This questionnaire is less time-demanding, less expensive and
requires less collaboration from participants than the usual full-length food frequency
questionnaire (FFQ). The 14-item tool was developed in a Spanish case-control study of
myocardial infarction, where the best cut-off points for discriminating between cases
and controls were selected for each food or food group. With this first step, 9 of the 14
items were obtained. Five additional items that were felt to be especially relevant to
assess adherence to the traditional MeDiet were subsequently added. Two of these items
used short questions to inquire on food habits and the other three items inquired on
frequency of consumption of nuts, soda drinks and a typical Mediterranean sauce
(softrito). This 14-item tool is a key element in the intervention conducted in the
PREDIMED trial. It is worth mentioning that within the PREDIMED study a FFQ was

also used for evaluating the dietary intake of the participants. The adherence to the



MeDiet at baseline, assessed with the 14-item questionnaire, was independent of group

assignment.

The individuals were randomized to three groups of intervention. The two groups
allocated MeDiets received intensive education to follow the MeDiet and supplemental
foods at no cost. EVOO (1L/week) was provided to the first group and 30 g/day of
mixed nuts to the second group. Participants in the control group were advised to follow
a low-fat diet according to the American Heart Association’s guidelines and also
received other gifts for their attendance to the formative sessions. All the groups had a
good adherence to the intervention, according to changes in the MeDiet adherence score
(14-item), and changes in extra virgin olive and nuts consumption after 5 years

(Supplementary table 1).
Telomere length assessment

Genomic DNA was extracted from peripheral blood samples (white blood cells)
obtained at baseline and after 5-years follow up for each subject. TL was measured in
both DNA samples per subject with a real-time quantitative PCR approach [19, 20].
This method expresses TL as a T/S ratio calculated as 22T with the following equation
[2CTelomeres) 5 CT(single copy gene)y — 5-ACT A Ribosomal Protein Large PO (RPLPO) single-

copy gene was used as a reference for each sample.

The total reaction volume was 10 puL containing 10 ng of genomic DNA. PCRs for
telomere and single copy gene expression were performed on white 384-well plates on
an ABI-Applied Biosystems 7900 HT thermal cycler (Applied Biosystems, CA, USA).
The final telomere primer concentrations were as follows: for telomere amplification
tell, 675 nmol/L and for tel2, 1350 nmol/L; and for the amplification of the single copy

gene RPLPO: hRPLPOI1, 800 nmol/L; hRPLPO2, 800 nmol/L. The primer sequences



were tell (5’-GGTTTTTGAGGGTGAGGGTGAGGGTGAGGGTGAGGGT-3), tel2
(5’-TCCCGACTATCCCTATCCCTATCCCTATCCCTATCCCTA-3’), hRPLPOL1 (5°-
CCCATTCTATCATCAACGGGTACAA -3°) and hRPLPO2 (5°-
CAGCAAGTGGGAAGGTGTAATCC -3°). All primers were purchased from Sigma-
Aldrich, St.Louis, MO, USA. QuantiTect Syber Green PCR kit (Qiagen, Valencia, CA,

USA) was used as master mix.

A calibration curve (64-0.25 ng in 2-fold dilutions) was included as a standard for each
measurement to control the day-to-day variations. Standard curve with linearity R*>
0.98 was accepted. For quality control, all samples were run in duplicate and checked
for concordance between duplicate values. For obtaining stronger consistency, samples
showing a high variation (more than 10%) were rerun and reanalysed. Intra-assay
coefficient between duplicates was 3.0% for telomere and 2.6% for the single copy
gene, whereas the inter-assay between plates was 0.8% for telomere and 1.3% for the
single copy gene. In addition, the simple correlation coefficient for TL measurement
between duplicates was 0.893 and between plates was 0.997. Regarding the single copy
gene, the correlation coefficient between duplicates was 0.922 and between plates was

0.998.
Confounder assessment

Participants were interviewed at baseline by a dietician, obtaining information about
lifestyle, diet and incident diseases. Information about medical conditions or new
medical diagnosis of illnesses was collected at baseline. Lifestyle variables such as
smoking habit or physical activity (assessed through the validated Minnesota leisure
time physical activity questionnaire) [21] were also collected at baseline. Professional

nurses measured anthropometric variables following standardized protocols.



Statistical analyses

All statistical tests were two-tailed and a P value <0.05 was considered statistically

significant. We used STATA® version 12.0 (Stata Corp) for all the analyses.

We calculated z-scores of log transformed leukocyte TL adjusted for age in order to
meet the assumption of normality [7, 13]. Briefly, we used generalized linear regression
to calculate least-square means of log transformed TL z-score adjusted for age. Z-scores
were calculated by standardizing leukocyte TL in comparison with the mean within
each individual study, considering the age of the participants. At baseline, means and
standard deviations (SD) or percentages for each variable according to the group of
intervention were shown, and we assessed the statistical significance of the differences

among them with ANCOVA models and y” tests, respectively.

Baseline assessment (14-item questionnaire)

The likelihood ratio test was used to examine the interaction between sex and the
adherence to the MeDiet for age-adjusted z-score TL. ANCOVA models and linear
trend tests were conducted to assess the association between TL and five categories of
baseline adherence to the MeDiet (<6, 7-8, 9, 10 and >11 points of the 14-item
questionnaire) [17, 22] in analyses stratified by sex. We also used multivariable-
adjusted logistic regression to estimate odds ratios (OR) for having short telomeres
(age-adjusted z-score TL < 20" percentile) [23-25] for subjects with higher baseline
levels of adherence to the MeDiet (7-8, 9, 10 or >11 in the 14-item score) versus those
with lower adherence (<6 points, reference category) in separated models for females
and males. We also used the 14-item score as a continuous variable evaluating the risk

of low TL for each two-point additional increment in this score.



For these models, the following potential confounders measured at baseline were
considered: age, body mass index (BMI) (kg/m?), total energy intake (Kcal/day),
physical activity (METS-min per day), smoking status (current, former or never
smoking), diabetes status (dichotomous), hypertensive status (dichotomous),
dyslipidaemia status (dichotomous) and intervention group assignment (MeDiet-EVOO,

MeDiet-nuts and Control group).

5-year change assessment (groups of intervention)

An ANCOVA model was used to evaluate telomere shortening after 5 years follow-up
(z-score of log (T/S ratio) after 5 years - log (T/S ratio) at baseline) according to the
three groups of intervention. Furthermore, logistic regression models were performed to

assess the risk for telomere shortening (A age-adjusted z-score TL < 20™ percentile).

For assessing changes in TL, the following potential confounders measured at baseline
were considered: age, sex, body mass index (BMI) (kg/m?), total energy intake
(Kcal/day), adherence to the MeDiet (points), physical activity (METS-min per day),
smoking status (current, former or never smoking), diabetes status (dichotomous),

hypertensive status (dichotomous), dyslipidaemia status (dichotomous) and TL.
RESULTS

A significant inverse association was observed between TL and age at baseline (r=-
0.104, P=0.018, data not shown). Table 1 shows baseline characteristics of the 520
participants by group of intervention. No significant differences were found for age,
sex, BMI, smoking or the presence of chronic diseases among the three groups.
However, subjects in the Control group had lower total energy intake and adherence to
the MeDiet, as well as lower physical activity levels than individuals allocated to the

MeDiet groups. It should be mentioned that at the beginning of the study none of the



participants was encouraged to stick to a diet. Unexpectedly, longer baseline telomeres
were observed in the MeDiet-EVOO group compared to the other subject groups. Since
we could only measure TL in a subsample from the PREDIMED-NAVARRA study, the
randomization was not able to balance all baseline characteristics, as it would be
expected with a sample size that was not very large. Therefore, we adjusted all our

estimates for these imbalances.

A higher baseline adherence to the MeDiet (14-item questionnaire) was associated with
a greater age-adjusted z-score TL but in women and not in men (P interaction=0.036).
We assessed differences in TL across categories of adherence to the MeDiet by sex
(Supplementary figure 2). Notably, those women who scored 10 points in the 14-item
questionnaire had longer telomeres than females scoring < 6 points after adjusting for
potential confounders (P=0.003). No significant differences (Pancova= 0.979, P trend=
0.550) were observed in men, though the slope was similar in magnitude to that of

women but it was in the opposite direction.

We also found (only among women) an association between a higher baseline
adherence to the MeDiet (14-item questionnaire) and a lower risk of having short
telomeres (age-adjusted z-score TL < 20" percentile) in women at the beginning of the
study (Table 2). Taking as reference <6 points (OR=1), significantly lower odds for
short telomeres was found for women scoring >11 points (OR 0.29, CI: 0.08 to 0.99) in

fully-adjusted models.

Analyses were performed to investigate the risk of telomere shortening after 5 years of
the randomized-clinical trial according to the three intervention groups (EVOO, mixed
nuts and Control). Surprisingly, those subjects allocated to the MeDiet-EVOO group

showed no beneficial effect in telomere erosion in comparison with the Control group



after 5 years of the intervention, whereas a detrimental effect in telomere shortening was
observed in the MeDiet-nuts group (Pancova <0.001; Figure 1). Taking as reference the
Control group (OR=1), the OR for telomere shortening (A age-adjusted z-score TL <
20™ percentile) was 1.28 (95% CI, 0.67 to 2.44) among subjects in the MeDiet-EVOO
group and 3.19 (1.73 to 5.90) in those individuals allocated to the MeDiet-nuts
nutritional intervention (Table 3). In these longitudinal analyses, no differences by sex
were found (Supplementary table 2) and no association between changes in MeDiet (14-
item) and telomere shortening according to sex was observed (Supplementary figure
3)Moreover the covariates in these models with their estimates on telomere shortening
(A age-adjusted z-score TL < 20th percentile) are shown in Supplementary table 3. It
should be mentioned that a significant inverse correlation (r=0.567, p<0.001) was found
between log T/S values of TL timepoint 1 and timepoint 2 (after 5 years). For age-

adjusted values, Pearson correlation was r=0.561, p<0.001 (data not shown).
DISCUSSSION

We did find a cross-sectional association between baseline MeDiet adherence and TL in
women from the PREDIMED-NAVARRA study. A higher adherence to a
Mediterranean dietary pattern was related to longer telomeres in 285 women at high
cardiovascular risk. Nevertheless, regarding telomere attrition after 5 years, the
intervention with MeDiet was not apparently able to prevent the rate of telomere

shortening in comparison with a low-fat diet.

It is shown that dietary components and the overall healthy eating pattern could have a
potential influence on TL [26]. Whereas a higher consumption of healthy food has been
associated with longer telomeres [27-29], unhealthy dietary habits may have the

opposite effect [30]. For example, a high consumption of fruit, vegetables [28, 29]



dietary fibre [27] or antioxidants [20] have been correlated with longer telomeres and on
the contrary an increase intake in red meat [30] or alcohol [7] may lead to shortening the
telomere. Unfortunately, inconsistent results have been found between TL and specific

dietary components. This inconsistency is also present in our results.

In any case, our observed association between baseline adherence to the MeDiet and TL
(though it was only apparent among women) is consistent with previous research.
Accordingly, a study conducted in 217 Italian elderly subjects found that individuals
with a high adherence to the MeDiet, scoring >6 points in Trichopoulou score, had not
only longer telomeres but also a higher telomerase activity compared to others [12]. The
recent work carried out by Gu et al. [14] reported that the association between MeDiet
and TL varied by ethnicity but it is not modified by sex. Thus, among 506 non-Hispanic
whites it seems to be a positive association between MeDiet and TL after controlling for
some covariates ($=0.48, P=0.050), but this tendency was lost when further adjusting
for more potential confounders. In line with our findings, Crous-Bou et al. [13] found a
relationship between MeDiet and TL in a large sample of women from the Nurses’
Health Study, indicating that for each one point change in the Alternate MeDiet score
corresponded on average to 1.5 years of aging. Similarly, our study found the beneficial
role of the MeDiet on TL in women and not in men. In this context, showing that
women have longer telomeres than men [31], and also gender differences between
leukocyte TL have been observed for several cell subsets [32]. The latter could be a
possible explanation for the observed sex-effect on the association between MeDiet and
TL. But, as far as we know, there are no studies assessing the sex effect on the
relationship between a dietary pattern and TL. Additionally the assessment of the
association within subgroups may lack enough statistical power in our study and a

larger sample size would be probably needed to detect a significant relationship. When



analysing key components of the MeDiet separately, such as extra virgin olive oil and
nuts, there is not an apparent association between these individual dietary items and TL
at baseline according to sex (Supplementary table 4). This suggests that in our
population, the MeDiet as a whole is the relevant factor that showed a beneficial cross-

sectional association with basal TL in women.

It has been suggested that this positive effect of the MeDiet on TL could be due to a
reduction in systemic oxidative stress and inflammation [13], which might modulate
telomerase activity, telosome expression and/or DNA oxidation and mechanical

fragmentation [33].

Only two observational studies, but no trial, have previously examined the longitudinal
association between the MeDiet and TL shortening. Both previous observational studies
reported a beneficial effect of the MeDiet on the rate of telomere shortening [11, 15].
The results of our intervention are apparently no consistent with them. But caution is
needed when interpreting this discrepancy since in one of the previous studies only 20
elderly subjects were included [11] and the other study only found this association in
subjects who had a specific genotype, suggesting that genetic background may
modulate the relationship between the MeDiet and TL [15]. It is also possible that, due
to its sample size, our trial might not have sufficient statistical power as to detect a
small benefit of the MeDiet in the prevention of telomere shortening. In any case, the
paradoxical results that we found in the group allocated to MeDiet-nuts were largely
unexpected. Due to the scarce literature on the association between the adherence to
MeDiet and telomere erosion after a follow-up period, in the present work we wonder
whether in the frame of the PREDIMED trial we could shed light into this matter.
However, we did not find a beneficial effect of the MeDiet on telomere attrition after 5

years in volunteers allocated to both MeDiets. Unexpectedly though, a detrimental



effect was found in preventing telomere shortening in the MeDiet-nuts groups.
Although we do not have any explanation for the latter, it is worth pointing out that all
the individuals lived in a MeDiet country with a long and established tradition of
following a Mediterranean dietary pattern. Indeed, we assumed that subjects who had a
higher adherence to the MeDiet at baseline were those with a lifelong exposure to the
traditional Mediterranean dietary pattern. Thus, we thought that lifelong dietary habits
can be more important in determining TL than 5 years of dietary intervention, because
the effectiveness of such an intervention in the long-term may be affected by suboptimal
compliance with the intervention among a subset of participants. In addition, despite the
fact that the two MeDiet intervention groups significantly increased the adherence to
MeDiet after 5 years reaching 11 points in the 14-item questionnaire, the Control group
also increased the adherence to MeDiet according to the 14-item questionnaire (from
8.5 t0 9.2 points, P<0.001), thus minimising differences between groups. Moreover, the
low-fat diet planned in the Control group was based on the American Heart Association
guidelines which has been demonstrated to be a healthy diet reducing the risk of
developing cardiovascular disease and therefore mortality [34]. Notably, following a

low-fat diet has also been associated with longer telomeres [29].

On the other hand, we did not find any sex-specific effect on telomere shortening after 5
years, nor did we find any differences between sexes within the three groups of
intervention. Therefore, we could not state that sex affects telomere shortening, but it
plays an important role on TL at baseline. A possible explanation for these surprising
findings could be that the PREDIMED intervention trial modulated telomere attrition

making the differences between men and women smaller after 5 years.

The strengths of our study include the reproduction of real-time conditions with home-

prepared food, multiple-adjusted models to minimise potential confounders that could



affect TL and a validated 14-item questionnaire which it is easier for participants to fill
in rather than the full-length FFQ. On the other hand, this study has several limitations.
The main limitation is the cross-sectional nature of most of our significant findings.
Moreover, these potential benefits found in our cross-sectional analyses were only
restricted to women. We have controlled the experimental conditions in the
measurement of TL to avoid potential errors, and thus we have obtained low CV and
higher correlation coefficients between duplicates and plates. Genomic DNA used along
this project had been processed following a standardized protocol and aliquoted to
preserve its stability; the two DNA samples of each patient (at baseline and after 5 years
of recruitment) were run in the same plate; in each 384-well plate, as a standard
calibration curve, different amounts of a genomic DNA sample of reference were
included to control the plate-to-plate variations; and finally, in a small subset of
individuals, we had previously checked that the quantification of telomeres by PCR

(T/S ratio) did perfectly correlate with telomeric restriction fragment length determined
by Southern blot analysis. The use of a self-reported questionnaire in the dietary
assessment may involve a possibility of measurement error leading to misclassifications
of exposure. However, a registered dietician helped to collect the dietary information
through individual sessions and the 14-item MeDiet questionnaire was previously
validated and used in other studies [18]. Therefore, this 14-item questionnaire correlated
significantly with the corresponding FFQ PREDIMED score (r = 0.52; intraclass
correlation coefficient = 0.51) and in the anticipated directions with the dietary intakes
reported on the FFQ. Using Bland Altman's analysis, the average MeDiet score estimate
was 105% of the FFQ PREDIMED score estimate. Furthermore, it should be taken into

account that a 5-year period in a population aged between 55 to 80 years (when the rate



of telomere attrition is very low), might not be enough to detect any changes in TL [35,

36]. At the same time, the sample size might be too small to find any changes.

In conclusion, a higher baseline adherence to the MeDiet is associated with longer
telomeres only in women from the PREDIMED-NAVARRA trial. However, no
beneficial effect in lessening telomere erosion after 5 years was observed with a MeDiet

in comparison with a low-fat diet.

Acknowledgements

We thank all the participants in the trial for their enthusiastic and maintained
collaboration, the personnel of the primary care centres from Navarra, and other
investigators of the PREDIMED group for their participation in the recruitment process
and the acquisition of the data. We gratefully acknowledge technical assistance by Idoia

Rodriguez.

Statement of authorship

The authors’ contributions were as follows: SG contributed to the data collection,
performed the experiments and the statistical analyses and wrote the manuscript; CR
performed experiments and interpretation of the data. AmM, M.A.M, F.A, J.LL and
J.A.M were responsible of the follow-up, design, financial management and editing of
the manuscript. All the authors actively participated in the manuscript preparation, as

well as revise and approved the final manuscript.

Funding sources

Research relating to this work was funded by grants from Linea Especial, Nutricion,
Obesidad y Salud of the University of Navarra (LE/97), the Spanish Government (FIS-

ISCIIIL: P1050976, P1070240, P1081943, P11002293, RTIC 06/0045, Centro de



Investigacion Biomédica en Red Fisiopatologia de la Obesidad y Nutricion, CNIC/06,
SAF-2010-20367) and the Government of Navarra (P141/2005, P179/2006, P136/2008,
P154/2009). The FPU fellowship to Sonia Garcia-Calzén from the Spanish Ministry of

Education, Culture and Sport is fully acknowledged.

Conflict of Interest Statement

None declared.



REFERENCES

[1] Willett WC, Sacks F, Trichopoulou A, Drescher G, Ferro-Luzzi A, Helsing E,
Trichopoulos D. Mediterranean diet pyramid: a cultural model for healthy eating. Am J

Clin Nutr. 1995;61:1402S-06S.

[2] Serra-Majem L, Trichopoulou A, Ngo de la Cruz J, Cervera P, Garcia Alvarez A, La
Vecchia C, Lemtouni A, Trichopoulos D. Does the definition of the Mediterranean diet

need to be updated? Public Health Nutr. 2004;7:927-9.

[3] Esposito K, Di Palo C, Maiorino MI, Petrizzo M, Bellastella G, Siniscalchi I,
Giugliano D. Long-term effect of mediterranean-style diet and calorie restriction on
biomarkers of longevity and oxidative stress in overweight men. Cardiol Res Pract.

2011;2011:293916.

[4] Estruch R, Ros E, Salas-Salvado J, Covas MI, Corella D, Aros F, Gomez-Gracia E,
Ruiz-Gutierrez V, Fiol M, Lapetra J, Lamuela-Raventos RM, Serra-Majem L, Pinto X,
Basora J, Munoz MA, Sorli JV, Martinez JA, Martinez-Gonzalez MA. Primary
prevention of cardiovascular disease with a Mediterranean diet. N Engl J Med.

2013;368:1279-90.

[5] Blackburn EH. Telomeres and telomerase: the means to the end (Nobel lecture).

Angew Chem Int Ed Engl. 2010;49:7405-21.

[6] Zhang WG, Zhu SY, Bai XJ, Zhao DL, Jian SM, Li J, Li ZX, Fu B, Cai GY, Sun
XF, Chen XM. Select aging biomarkers based on telomere length and chronological age

to build a biological age equation. Age (Dordr). 2014;36:9639.



[7] Sun Q, Shi L, Prescott J, Chiuve SE, Hu FB, De Vivo I, Stampfer MJ, Franks PW,
Manson JE, Rexrode KM. Healthy lifestyle and leukocyte telomere length in U.S.

women. PLoS One. 2012;7:¢38374.

[8] Barrett JH, lles MM, Dunning AM, Pooley KA. Telomere length and common

disease: study design and analytical challenges. Hum Genet. 2015;134:679-89.

[9] Epel E. How "reversible" is telomeric aging? Cancer Prev Res (Phila). 2012;5:1163-

8.

[10] Martin-Pelaez S, Covas MI, Fito M, Kusar A, Pravst 1. Health effects of olive oil
polyphenols: recent advances and possibilities for the use of health claims. Mol Nutr

Food Res. 2013;57:760-71.

[11] Marin C, Delgado-Lista J, Ramirez R, Carracedo J, Caballero J, Perez-Martinez P,
Gutierrez-Mariscal FM, Garcia-Rios A, Delgado-Casado N, Cruz-Teno C, Yubero-
Serrano EM, Tinahones F, Malagon Mdel M, Perez-Jimenez F, Lopez-Miranda J.
Mediterranean diet reduces senescence-associated stress in endothelial cells. Age

(Dordr). 2012;34:1309-16.

[12] Boccardi V, Esposito A, Rizzo MR, Marfella R, Barbieri M, Paolisso G.
Mediterranean diet, telomere maintenance and health status among elderly. PLoS One.

2013;8:€62781.

[13] Crous-Bou M, Fung TT, Prescott J, Julin B, Du M, Sun Q, Rexrode KM, Hu FB,
De Vivo 1. Mediterranean diet and telomere length in Nurses' Health Study: population

based cohort study. BMJ. 2014;349:26674.



[14] Gu Y, Honig LS, Schupf N, Lee JH, Luchsinger JA, Stern Y, Scarmeas N.
Mediterranean diet and leukocyte telomere length in a multi-ethnic elderly population.

Age (Dordr). 2015;37:24.

[15] Garcia-Calzon S, Martinez-Gonzalez MA, Razquin C, Corella D, Salas-Salvado J,
Martinez JA, Zalba G, Marti A. Prol2Ala polymorphism of the PPARgamma2 gene
interacts with a mediterranean diet to prevent telomere shortening in the PREDIMED-

NAVARRA randomized trial. Circ Cardiovasc Genet. 2015;8:91-9.

[16] Martinez-Gonzalez MA, Corella D, Salas-Salvado J, Ros E, Covas MI, Fiol M,
Warnberg J, Aros F, Ruiz-Gutierrez V, Lamuela-Raventos RM, Lapetra J, Munoz MA,
Martinez JA, Saez G, Serra-Majem L, Pinto X, Mitjavila MT, Tur JA, Portillo MP,
Estruch R. Cohort profile: design and methods of the PREDIMED study. Int J

Epidemiol. 2012;41:377-85.

[17] Martinez-Gonzalez MA, Garcia-Arellano A, Toledo E, Salas-Salvado J, Buil-
Cosiales P, Corella D, Covas MI, Schroder H, Aros F, Gomez-Gracia E, Fiol M, Ruiz-
Gutierrez V, Lapetra J, Lamuela-Raventos RM, Serra-Majem L, Pinto X, Munoz MA,
Warnberg J, Ros E, Estruch R. A 14-item Mediterranean diet assessment tool and
obesity indexes among high-risk subjects: the PREDIMED trial. PLoS One.

2012;7:e43134.

[18] Schroder H, Fito M, Estruch R, Martinez-Gonzalez MA, Corella D, Salas-Salvado
J, Lamuela-Raventos R, Ros E, Salaverria I, Fiol M, Lapetra J, Vinyoles E, Gomez-
Gracia E, Lahoz C, Serra-Majem L, Pinto X, Ruiz-Gutierrez V, Covas MI. A short
screener is valid for assessing Mediterranean diet adherence among older Spanish men

and women. J Nutr. 2011;141:1140-5.



[19] Cawthon RM. Telomere measurement by quantitative PCR. Nucleic Acids Res.

2002;30:e47.

[20] Garcia-Calzon S, Moleres A, Martinez-Gonzalez MA, Martinez JA, Zalba G, Marti
A. Dietary total antioxidant capacity is associated with leukocyte telomere length in a

children and adolescent population. Clin Nutr. 2014;10.1016/j.cInu.2014.07.015.

[21] Elosua R, Garcia M, Aguilar A, Molina L, Covas MI, Marrugat J. Validation of the
Minnesota Leisure Time Physical Activity Questionnaire In Spanish Women.

Investigators of the MARATDON Group. Med Sci Sports Exerc. 2000;32:1431-7.

[22] Guasch-Ferre M, Bullo M, Babio N, Martinez-Gonzalez MA, Estruch R, Covas
MI, Warnberg J, Aros F, Lapetra J, Serra-Majem L, Basora J, Salas-Salvado J.
Mediterranean diet and risk of hyperuricemia in elderly participants at high

cardiovascular risk. J Gerontol A Biol Sci Med Sci. 2013;68:1263-70.

[23] Canela A, Vera E, Klatt P, Blasco MA. High-throughput telomere length
quantification by FISH and its application to human population studies. Proc Natl Acad

Sci U S A. 2007;104:5300-5.

[24] Garcia-Calzon S, Zalba G, Ruiz-Canela M, Shivappa N, Hebert JR, Martinez JA,
Fito M, Gomez-Gracia E, Martinez-Gonzalez MA, Marti A. Dietary inflammatory index
and telomere length in subjects with a high cardiovascular disease risk from the
PREDIMED-NAVARRA study: cross-sectional and longitudinal analyses over 5 y. Am

J Clin Nutr. 2015;102:897-904.

[25] Hemann MT, Strong MA, Hao LY, Greider CW. The shortest telomere, not
average telomere length, is critical for cell viability and chromosome stability. Cell.

2001;107:67-717.



[26] Tollefsbol TO. Dietary epigenetics in cancer and aging. Cancer Treat Res.

2014;159:257-67.

[27] Cassidy A, De Vivo I, Liu Y, Han J, Prescott J, Hunter DJ, Rimm EB. Associations
between diet, lifestyle factors, and telomere length in women. Am J Clin Nutr.

2010;91:1273-80.

[28] Diaz VA, Mainous AG, 3rd, Everett CJ, Schoepf UJ, Codd V, Samani NJ. Effect of
healthy lifestyle behaviors on the association between leukocyte telomere length and

coronary artery calcium. Am J Cardiol. 2010;106:659-63.

[29] Tiainen AM, Mannisto S, Blomstedt PA, Moltchanova E, Perala MM, Kaartinen
NE, Kajantie E, Kananen L, Hovatta I, Eriksson JG. Leukocyte telomere length and its
relation to food and nutrient intake in an elderly population. Eur J Clin Nutr.

2012;66:1290-4.

[30] O'Callaghan NJ, Toden S, Bird AR, Topping DL, Fenech M, Conlon MA.
Colonocyte telomere shortening is greater with dietary red meat than white meat and is

attenuated by resistant starch. Clin Nutr. 2012;31:60-4.

[31] Gardner M, Bann D, Wiley L, Cooper R, Hardy R, Nitsch D, Martin-Ruiz C, Shiels
P, Sayer AA, Barbieri M, Bekaert S, Bischoff C, Brooks-Wilson A, Chen W, Cooper C,
Christensen K, De Meyer T, Deary I, Der G, Diez Roux A, Fitzpatrick A, Hajat A,
Halaschek-Wiener J, Harris S, Hunt SC, Jagger C, Jeon HS, Kaplan R, Kimura M,
Lansdorp P, Li C, Maeda T, Mangino M, Nawrot TS, Nilsson P, Nordfjall K, Paolisso
G, Ren F, Riabowol K, Robertson T, Roos G, Staessen JA, Spector T, Tang N, Unryn
B, van der Harst P, Woo J, Xing C, Yadegarfar ME, Park JY, Young N, Kuh D, von
Zglinicki T, Ben-Shlomo Y. Gender and telomere length: systematic review and meta-

analysis. Exp Gerontol. 2014;51:15-27.



[32] Aubert G, Baerlocher GM, Vulto I, Poon SS, Lansdorp PM. Collapse of telomere
homeostasis in hematopoietic cells caused by heterozygous mutations in telomerase

genes. PLoS Genet. 2012;8:¢1002696.

[33] Correia-Melo C, Hewitt G, Passos JF. Telomeres, oxidative stress and

inflammatory factors: partners in cellular senescence? Longev Healthspan. 2014;3:1.

[34] Lichtenstein AH, Appel LJ, Brands M, Carnethon M, Daniels S, Franch HA,
Franklin B, Kris-Etherton P, Harris WS, Howard B, Karanja N, Lefevre M, Rudel L,
Sacks F, Van Horn L, Winston M, Wylie-Rosett J. Diet and lifestyle recommendations
revision 2006: a scientific statement from the American Heart Association Nutrition

Committee. Circulation. 2006;114:82-96.

[35] Muezzinler A, Zaineddin AK, Brenner H. A systematic review of leukocyte

telomere length and age in adults. Ageing Res Rev. 2013;12:509-19.

[36] Steenstrup T, Hjelmborg JV, Mortensen LH, Kimura M, Christensen K, Aviv A.

Leukocyte telomere dynamics in the elderly. Eur J Epidemiol. 2013;28:181-7.



FIGURE LEGEND

Figure 1. Multivariable-adjusted differences (95% CI) in changes in telomere length z-
score after 5 years, according to the group of intervention. Adjusted for sex, initial z-
score telomere length, total energy intake (kcal per day), BMI (kg/m?), adherence to the
MeDiet (points), physical activity (METS-min per day), smoking status (3 categories),
diabetes status (dichotomous), hypertensive status (dichotomous), dyslipidaemia status
(dichotomous). Pancova <0.001. P=0.003 (MeDiet-Nuts vs. Control), P=0.537 (MeDiet-

EVOO vs. Control)

Change in age-adjusted z-score TL (95% Cl)

Control MeDiet+EVOO MeDiet+Nuts

Group of Intervention



Table 1. Baseline characteristics of the participants according to the group of

intervention
MeDiet- EVOO MeDiet- Nuts Control P-value
n 210 170 140
Age, years 67.0 (5.9) 66.8 (6.1) 67.4 (5.9) 0.611
Sex, % males 42.9 51.2 41.4 0.158
BMI 29.1 (3.3) 29.1(3.1) 29.2 (3.4) 0.966

Physical activity, METS-min/day  282.9 (193.0)  301.1(207.0)  239.2(182.5)  0.018

Energy intake, kcal/day 22699 (541.4) 2314.2(482.5) 2140.8 (524.3)  0.011
Adherence to the MeDiet, points 9.3 (1.8) 9.6 (1.7) 8.5(1.9) <0.001
Smoking 0.623

Current smokers, % 12.9 14.1 18.6

Former smokers, % 22.9 24.1 20.0
Dyslipidaemia, % 66.7 66.5 65.0 0.944
Hypertension, % 80.0 85.9 85.0 0.272
Diabetes, % 37.1 40.6 314 0.247
TL, age-adjusted z-scores 0.4 (1.1) -0.3 (0.8) -0.3 (0.7) <0.001

The table shows means and standard deviations for continuous variables or percentages for categorical
variables. Abbreviations: BMI, body mass index; MeDiet, Mediterranean Diet; EVOO, extra virgin olive

oil; TL, telomere length.



Table 2. Multivariable-adjusted odds ratios (OR, 95% confidence intervals) for short telomeres (age-adjusted z-score TL < ZOthpercentile) by

adherence to the Mediterranean Diet in women and men.

Adherence to Mediterranean diet (0 to 14 point score)

<6 7-8 9 10 >11 P-trend For +2 points
Women (n) 25 78 57 62 63
Crude 1 (Ref)) 0.68 (0.25t01.83) 0.51(0.17t0 1.48)  0.51(0.18to 1.46)  0.26 (0.08 to 0.84) 0.017 0.68 (0.49 to 0.94)

Model 1 1 (Ref)  0.71(026t01.92) 0.55(0.19t0 1.61)  0.57(0.20to 1.66)  0.32(0.09to 1.06)  0.059  0.73 (0.52 to 1.02)

Model 2 1 (Ref)) 0.60(021t01.69)  0.44(0.14t0 1.40)  0.51(0.17to 1.56)  0.29 (0.08 to 0.99) 0.059 0.71 (0.49 to 1.02)

Men (n) 19 57 40 57 62
Crude 1 (Ref) 2.51(0.51t012.32) 2.83(0.55t014.46) 2.51(0.51to12.32) 1.44(0.28to 7.34) 0.877 0.98 (0.70 to 1.36)
Model 1 1 (Ref)  2.53(0.51to12.45) 2.85(0.56t0 14.65) 2.51(0.51to12.30) 1.44(0.28 to 7.35) 0.876 0.98 (0.70 to 1.36)

Model2 1 (Ref) 3.17(0.62to 16.30) 3.49 (0.65to 18.75) 3.47 (0.66t0 18.07) 2.13(0.39t0 11.67)  0.673  1.09 (0.77 to 1.56)

Crude: adjusted for age (z-score TL).
Model 1: adjusted for total energy intake (kcal per day).
Model 2: additionally adjusted for BMI (kg/m?), physical activity (METS-min per day), smoking status (3 categories), diabetes status (dichotomous), hypertensive status

(dichotomous), dyslipidaemia status (dichotomous) and group of intervention.
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Supplementary figure 1. Baseline age-adjusted z-score TL by baseline adherence to the Mediterranean diet (14-item score) in A) women and B)
men after adjusting for total energy intake (kcal per day), BMI (kg/m?), physical activity (METS-min per day), smoking status (3 categories),
diabetes status (dichotomous), hypertensive status (dichotomous), dyslipidaemia status (dichotomous) and group of intervention. A) Pancova=
0.033 (P=0.019 for the comparison 10 points vs. <6 points categories after Bonferroni correction), P trend= 0.064; B) Pancova= 0.979, P trend=

0.550.



Table 3. Risk for telomere shortening (A age-adjusted z-score TL < 20th percentile) after 5 years

of the nutritional intervention according to the nutritional groups.

OR for telomere shortening after 5 years follow-up

Crude Model 1 Model 2

Control 1 (Ref)) 1 (Ref)) 1 (Ref))

MeDiet-EVOO 0.67 (0.38t0 1.21)  1.23(0.65t02.32) 1.28 (0.67 to 2.44)

MeDiet-Nuts 245(144t04.16)  2.95(1.65t05.29)  3.19(1.73 to 5.90)

Model 1: adjusted for sex and initial z-score TL

Model 2: adjusted for sex, initial z-score TL, total energy intake (kcal per day), BMI (kg/m?), adherence to
the MeDiet (points), physical activity (METS-min per day), smoking status (3 categories), diabetes status

(dichotomous), hypertensive status (dichotomous), and dyslipidaemia status (dichotomous).



Supplemental material
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Supplementary figure 1. Flow-chart of participants in the PREDIMED-NAVARRA.

Supplementary table 1. Changes in adherence to the Mediterranean dietary pattern (14-item
questionnaire) and in the consumption of extra virgin olive oil and nuts after 5 years of the
dietary intervention according to the three groups of intervention.

Between-group relative differences in MeDiet adherence
and in the consumption of EVOO or nuts after 5-year follow-up
A MeDiet adherence A Extra virgin olive oil A Mixed nuts
(14-item questionnaire) (FFQ questionnaire) (FFQ questionnaire)
MeDiet-EVOO 1.82 (95%: 1.47t0 2.17) 0 (Ref) -5.60 (-8.19 to -3.00)
MeDiet-Nuts 1.89 (95% CI: 1.53 to 2.24) -5.42 (-9.06 to -1.77) 0 (Ref))
Control 0 (Ref.) -17.92 (-21.80 to -14.03) | -14.94 (-17.77 to -12.11)

Adjusted for sex, initial z-score telomere length, total energy intake (kcal per day), BMI (kg/m’),
adherence to the MeDiet (points), physical activity (METS-min per day), smoking status (3 categories),
diabetes status (dichotomous), hypertensive status (dichotomous), dyslipidaemia status (dichotomous).
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Supplementary figure 2. Baseline age-adjusted z-score TL by baseline adherence to the Mediterranean diet (14-item score) in A)
women and B) men after adjusting for total energy intake (kcal per day), BMI (kg/m?), physical activity (METS-min per day), smoking
status (3 categories), diabetes status (dichotomous), hypertensive status (dichotomous), dyslipidaemia status (dichotomous) and group
of intervention. P for interaction (sex x MeDiet) =0.036. A) Pancova= 0.033 (P= 0.019 for the comparison 10 points vs. <6 points
categories after Bonferroni correction), P trend= 0.064; B) Pancova= 0.979, P trend= 0.550.
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Supplementary figure 3. Multivariable-adjusted differences (95% CI) in changes in
telomere length z-score after 5 years, according to the changes in the adherence to the
MeDiet in A) women and B) men. Adjusted for sex, initial z-score telomere length, total
energy intake (kcal per day), BMI (kg/m2), baseline adherence to the MeDiet (points),



physical activity (METS-min per day), smoking status (3 categories), diabetes status
(dichotomous), hypertensive status (dichotomous), dyslipidaemia status (dichotomous).



Supplementary table 2. Changes in telomere length between men and women after 5

years within each group of intervention.

Change in age-adjusted z-score TL
Men Women P-ANCOVA'
MeDiet-EVOO -0.09 (0.32 t0 0.13) -0.01 (-0.19 to 0.18) 0.579
MeDiet-Nuts -0.12 (-0.39 t0 0.16) -0.12 (-0.40 to 0.16) 0.976
Control 0.21 (-0.06 to 0.49) 0.21 (-0.01 to 0.42) 0.970

Adjusted for initial z-score telomere length, total energy intake (kcal per day), BMI (kg/m’),
adherence to the MeDiet (points), physical activity (METS-min per day), smoking status (3
categories), diabetes status (dichotomous), hypertensive status (dichotomous), dyslipidaemia
status (dichotomous).

Supplementary table 3. Risk for telomere shortening (A age-adjusted z-score TL <
20th percentile) after 5 years of the nutritional intervention for the covariates used in the
models.

OR for telomere shortening after 5
years follow-up

OR (95%CI)
Sex 0.73 (0.37 to 1.45)
0.23 (0.16 to 0.33)
1.00 (0.99 to 1.00)
1.06 (0.98 to 1.14)
0.96 (0.84 to 1.09)
0.99 (0.9 to 1.00)

Initial z-score TL

Total energy intake, kcal /day
BMI, kg/m’

Adherence to the MeDiet, points
Physical activity, METS-min/day

Smoking 0.91 (0.64 to 1.31)
Diabetes 0.77 (0.45 to 1.32)
Hypertension 1.46 (0.70 to 3.06)
Dyslipidaemia 0.88 (0.53 to 1.48)

OR: odds ratio, CI: confidence interval, TL: telomere length, BMI: body mass index.



Supplementary table 4. Association between basal telomere length and extra virgin
olive oil or nuts consumption at baseline in all the population and according to sex.

Age-adjusted z-score TL at baseline
All (n=520) Men (n=235) Women (n=285)
B (P-value) B (P-value) B (P-value)
Extra virgin olive oil
-0.004 (0.230 -0.003 (0.575 -0.010 (0.162
(g/day) (0.230) (0.575) (0.162)
Nuts (g/day) -0.005 (0.234) -0.003 (0.636) -0.010 (0.101)

Adjusted for sex, total energy intake (kcal per day), BMI (kg/m®), adherence to the MeDiet
(points), physical activity (METS-min per day), smoking status (3 categories), diabetes status
(dichotomous), hypertensive status (dichotomous), dyslipidaemia status (dichotomous).




