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Abstract
Purpose  Although evidence indicates that both physical activity and adherence to the Mediterranean diet (MedDiet) reduce 
the risk of all-cause mortality, a little is known about optimal intensities of physical activity and their combined effect with 
MedDiet in older adults. We assessed the separate and combined associations of leisure-time physical activity (LTPA) and 
MedDiet adherence with all-cause mortality.
Methods  We prospectively studied 7356 older adults (67 ± 6.2 years) at high vascular risk from the PREvención con DIeta 
MEDiterránea study. At baseline and yearly thereafter, adherence to the MedDiet and LTPA were measured using validated 
questionnaires.
Results  After 6.8 years of follow-up, we documented 498 deaths. Adherence to the MedDiet and total, light, and moderate-
to-vigorous LTPA were inversely associated with all-cause mortality (p < 0.01 for all) in multiple adjusted Cox regression 
models. The adjusted hazard of all-cause mortality was 73% lower (hazard ratio 0.27, 95% confidence interval 0.19–0.38, 
p < 0.001) for the combined category of highest adherence to the MedDiet (3rd tertile) and highest total LTPA (3rd tertile) 
compared to lowest adherence to the MedDiet (1st tertile) and lowest total LTPA (1st tertile). Reductions in mortality risk 
did not meaningfully differ between total, light intensity, and moderate-to-vigorous LTPA.
Conclusions  We found that higher levels of LTPA, regardless of intensity (total, light and moderate-to-vigorous), and greater 
adherence to the MedDiet were associated separately and jointly with lower all-cause mortality. The finding that light LTPA 
was inversely associated with mortality is relevant because this level of intensity is a feasible option for older adults.

Keywords  Exercise · Physical activity · Mediterranean diet · Mortality · Aged · Older adults

Introduction

In an increasingly aged society [1], it is paramount to search 
for strategies that could contribute to improve health and 
increase lifespan in older individuals [2]. There is convinc-
ing evidence that consuming a healthy diet and engaging in 

physical activity are independently associated with lower 
rates of mortality in the general population [3–6]. Conse-
quently, most recent dietary guidelines emphasize the impor-
tance of an active lifestyle, in addition to a healthy dietary 
pattern [7–9]. Most national guidelines recommend 150 min 
of moderate-to-vigorous physical activity (MVPA) per 
week, which corresponds to an energy expenditure of 500 
metabolic equivalent task (MET)-minutes per week [10]. 
However, even lower levels of MVPA significantly reduce 
premature mortality in older populations [3, 11]. Addition-
ally, emerging evidence shows that light physical activity is 
inversely associated with all-cause mortality [12]. This is 
particularly important for older adults with reduced physi-
cal capabilities.
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Higher adherence to a healthy diet has also been associ-
ated with lower rates of mortality in the general population 
[5, 6]. Recent findings in older adults suggest that higher 
adherence to a healthy diet, such as the Mediterranean diet 
(MedDiet), was not only associated with numerous health 
benefits [13–15], but was also related to a 14–34% decrease 
in all-cause mortality [16–18]. An integrative approach 
including key lifestyle behaviours such as diet and physical 
activity in efforts to address the burden of chronic diseases 
leading to premature mortality may be more effective than 
focussing on a single lifestyle factor. However, there is little 
evidence on the joint impact of physical activity and adher-
ence to the MedDiet on all-cause mortality [19].

Therefore, the aim of the current study was to analyse the 
separate and joint association of leisure-time physical activ-
ity (LTPA) and MedDiet adherence with all-cause mortality 
in older Spanish individuals at high risk of cardiovascular 
disease.

Additionally, we analysed the impact of different inten-
sities of physical activity, separately and together with 
different levels of adherence to the MedDiet, on all-cause 
mortality.

Methods

The present study was a prospective cohort analysis within 
the framework of the PREvención con DIeta MEDiterránea 
(PREDIMED) study. The complete protocol of the PRED-
IMED study was reported in detail elsewhere and in http://
www.predi​med.es [20–22]. In brief, this multicentre, rand-
omized, controlled clinical trial assessed the effects of the 
MedDiet on the primary prevention of cardiovascular dis-
ease. The intervention trial was carried out between 2003 
and 2008, and it continues as an observational cohort study. 
Older individuals were selected from 11 recruitment centres 
in Spain, and then randomly allocated to one of three diet 
groups: MedDiet enriched with extra-virgin olive oil, Med-
Diet enriched with mixed nuts, and advice to follow a low-fat 
diet. The Institutional Review Board of all participating cen-
tres approved the study protocol and the trial was conducted 
following the guidelines of the Declaration of Helsinki. The 
study is registered at ISRCTN35739639 [23].

Study population

Eligible participants were 3165 men (aged 55–80 years) 
and 4282 women (60–80 years old) free of cardiovascular 
disease but at high cardiovascular risk at enrolment. Partici-
pants had either type 2 diabetes or at least three of the fol-
lowing cardiovascular risk factors: current smoking (> 1 cig-
arette a day in the last month), hypertension (systolic blood 
pressure ≥ 140 mmHg, diastolic blood pressure ≥ 90 mmHg, 

or taking antihypertensive medication), low high-density 
lipoprotein cholesterol (≤ 40 mg/dl in men or ≤ 50 mg/dl 
in women), elevated low-density lipoprotein cholesterol 
(≥ 160 mg/dl or taking lipid-lowering medication), over-
weight/obesity (BMI ≥ 25 kg/m2), and family history of 
premature coronary heart disease. Exclusion criteria were 
the previous history of CVD, stroke or peripheral arterial 
disease, any severe chronic illness, immunodeficiency or 
human immunodeficiency virus (HIV) positive status, ille-
gal drug or alcohol misuse, history of allergy to olive oil or 
nuts and low predicted likelihood of changing dietary habits 
[21]. We finally included 7356 individuals (3126 men, 4230 
women; mean age, 67 ± 6.2 years) who provided complete 
exposure data at baseline. All participants provided written 
informed consent.

Outcome ascertainment

All-cause mortality was obtained through consultation of 
the National Death Registry, review of medical records, 
and contacts with family physicians. The outcomes were 
annually ascertained and verified by a Clinical Events Com-
mittee, whose members were blinded to the intervention 
group. The analysis included cases confirmed by the Clinical 
Events Committee between October 1, 2003 and December 
31, 2012.

Exposure measurements

Overall diet quality was estimated by the degree of adher-
ence to the MedDiet, as measured by a 14-point Mediter-
ranean Diet Adherence Screener (MedDiet score) [24]. Par-
ticipants were asked to complete the form by answering 12 
questions on food consumption frequencies and 2 questions 
on food intake habits. The food items, which were char-
acteristic of the traditional MedDiet, were scored 0 or 1, 
generating a final score from 0 to 14.

The validated Spanish version of the Minnesota Leisure-
Time Physical Activity questionnaire [25, 26] was used to 
measure the amount and intensity of LTPA. Initially created 
in 1978 [27], this instrument is designed to estimate the total 
energy expenditure during LTPA. Energy expenditure was 
measured in metabolic equivalent task per minutes per day 
(METs min/day), calculated by multiplying the number of 
METs previously assigned to each activity by the minutes 
per day spent performing that specific activity. LTPA lev-
els were classified as follows: light (≤ 4 METs), moderate 
(4–5.5 METs), and vigorous (≥ 6 METs). Participants com-
pleted the questionnaire by indicating the number of days 
and minutes per day during the previous week and year they 
had practiced each of the 67 suggested activities.

Both the 14-point Mediterranean Diet Adherence 
Screener and the Minnesota LTPA questionnaire were 
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applied at baseline and yearly during follow-up, and a cumu-
lative average for each was calculated.

Covariables

A baseline 47-item general questionnaire and an annual fol-
low-up questionnaire were used to collect information about 
lifestyle, education level, health condition, history of illness, 
and medication use. More than basic education was defined 
as having an education level above primary school. Energy 
intake was recorded by a validated 137-item food-frequency 
questionnaire [28, 29]. Trained and certified nurses used a 
calibrated beam scale and a wall-mounted stadiometer to 
measure weight and height, respectively. BMI was calculated 
by dividing weight (kg) by the squared of height (m2). Blood 
pressure measurements were taken in triplicate with a semi-
automatic oscillometer (HEM-705CP, Omron). Participants 
were considered to have hypertension, diabetes, or hyper-
cholesterolemia if they had a previous diagnosis of these 
conditions and/or where being treated with antihypertensive, 
antidiabetic, or lipid-lowering medication, respectively. All 
covariables were annually recorded and the cumulative aver-
ages of BMI and energy intake were calculated.

Statistical analysis

We calculated the cumulative average of the annually meas-
ured exposure and covariables (energy intake and BMI) to 
reduce within-person variation. To estimate the combined 
association of LTPA and MedDiet adherence with mortality, 
we created a dummy variable that joint tertiles (low = 1st 
tertile; moderate = 2nd tertile, and high = 3rd tertile) of the 
LTPA and the MedDiet scores, generating a single variable 
with nine categories (Online Resource, Table 4). For analy-
sis purposes, we merged the following categories: (1) low 
level of LTPA and moderate MedDiet adherence (1st tertile 
LTPA + 2nd tertile MedDiet score) with moderate level of 
LTPA and low MedDiet adherence (2nd tertile LTPA + 1st 
tertile MedDiet score); (2) low level of LTPA and high Med-
Diet adherence (1st tertile LTPA + 3rd tertile MedDiet score) 
with high level of LTPA and low MedDiet adherence (3rd 
tertile LTPA + 1st tertile MedDiet score); and (3) high lev-
els of LTPA and moderate MedDiet adherence (3rd tertile 
LTPA + 2nd tertile MedDiet score) with moderate levels of 
LTPA and high MedDiet adherence (2nd tertile LTPA + 3rd 
tertile MedDiet score).

General linear modelling procedures were used to com-
pare general characteristics of the study population accord-
ing to these joint categories of LTPA and MedDiet score. 
General linear modelling is basically an ANOVA factorial 
analysis, in which a continuous dependent variable is deter-
mined by two or more factors. Polynomial contrasts deter-
mined p for linear trend for continuous variables, with a 

post hoc Bonferroni correction for multiple comparisons. 
Chi-square tests were used to determine p for linear trend 
for categorical variables.

Cox proportional hazards regression models were fitted 
to determine the separate and joint association of LTPA 
(total, low, and moderate-to-vigorous) and adherence to the 
MedDiet with all-cause, cancer, and cardiovascular mortal-
ity. All final models were adjusted for sex, age, diabetes, 
hyperlipidaemia, hypertension, smoking, intervention group, 
education level, BMI, and energy intake. Sensitivity analyses 
excluded events that occurred during the first year of follow-
up and was stratified by intervention group and by sex.

Cox proportional hazards regression models with cubic 
spline functions were fitted to analyse the dose–response 
relationship between adherence to the MedDiet; total, low, 
and moderate-to-vigorous LTPA; and all-cause mortality. 
Extreme values, defined as equal or more than three standard 
deviations of total, light, and moderate-to-vigorous LTPA, 
were eliminated from this analysis, which was performed 
with the “gam” R package, version 3.0.2. All other statisti-
cal analysis was performed with SPSS for Windows v. 22 
(SPSS, Inc., Chicago, IL, USA).

Results

The median and interquartile range (IQR) for the cumulative 
average of total, light, and moderate-to-vigorous LTPA was 
196 (101–322), 89 (35–159), and 56 (8–175) METs min/day, 
respectively. Based on the subset of participants (n = 1699) 
for whom baseline data were available, the variance of light, 
moderate, and intense LTPA could be explained by slow 
walking (93.1%), by gardening and walking (85.5%), and 
by stair climbing, bicycling, and swimming (51.1%), respec-
tively. The mean (SD) for the MedDiet score was 9.6 (1.6) 
points. During a mean follow-up of 6.8 years, 498 (6.8%) 
deaths were reported.

General characteristics according to joint categories of 
LTPA and adherence to the MedDiet are outlined in Table 1. 
Highest combined levels of LTPA and of the MedDiet score 
were directly associated with energy intake, education level, 
and proportions of men and current smokers. The opposite 
was observed for age, BMI, and the proportions of partici-
pants with type 2 diabetes and hypertension.

In age- and sex-adjusted models, the highest tertiles of 
adherence to the MedDiet, total, light, and moderate-to-
vigorous LTPA were associated with a 44, 28, 22, and 43% 
lower risk for all-cause mortality, respectively, compared 
with the lowest tertiles (Table 2). The magnitude of the asso-
ciation was stronger for MedDiet adherence, compared to 
levels of total LTPA. Controlling for diabetes, hyperlipidae-
mia, hypertension, smoking, intervention group, education 
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level, BMI, and energy intake did not further affect the direc-
tion and magnitude of these associations.

The hazard of mortality decreased with the joint cat-
egories of increasing levels of LTPA and adherence to the 
MedDiet (Table 3). We observed a 73% decrease in mor-
tality between the extremes of these categories (low levels 
of LTPA and low MedDiet adherence versus high levels 
of LTPA and high MedDiet adherence). A comparable 
risk reduction of all-cause mortality was observed after 
replacement of total LTPA by light and moderate-to-vig-
orous LTPA in categories combined with MedDiet adher-
ence (Table 3). The effect size was somewhat stronger for 
moderate-to-vigorous LTPA compared to light LTPA.

Sensitivity analyses revealed no significant differences 
after stratification by sex and intervention group and the 
exclusion of cases that occurred during the first year of 
follow-up (Online Resource, Table 5).

The dose–response curve of LTPA (total, light, and 
moderate-to-vigorous LTPA) and all-cause mortality 
had a curvilinear shape (nonlinear p < 0.01 for all) with 

a greater benefit at the lower end of the activity ranges 
(Fig. 1). The strongest benefit was reached after 400, 300, 
and 100 METs min/day of total, light, and moderate-to-
vigorous LTPA, respectively (Fig. 1). The dose–response 
association of adherence to the MedDiet and all-cause 
mortality showed a strong inverse linear association.

The association of cardiovascular disease and cancer 
mortality with joint categories of LTPA and adherence 
to the MedDiet is shown in Table 6 (Online Resource). 
The effect size was comparable between the two causes 
of mortality.

Discussion

In this prospective cohort study, we found an association of 
higher levels of LTPA and MedDiet adherence, separately 
and joined, with lower rates of all-cause mortality in older 
adults at high risk of cardiovascular disease. Risk reduction 
was similar for the separate and joint associations of light 

Table 2   Hazard ratios (95% 
CI) for all-cause mortality 
according to tertiles of total, 
light, and moderate-to-vigorous 
LTPA, and adherence to the 
Mediterranean diet

a Cox regression models were used to assess the risk of all-cause death by tertiles of total, light, and moder-
ate-to-vigorous LTPA, and adherence to the MedDiet. Model 1 was adjusted by sex and age. Model 2 was 
adjusted for sex, age, diabetes, hyperlipidemia, hypertension, smoking, intervention group, education level, 
body mass index, and energy intake. Additionally, LTPA (total, light, and moderate-to-vigorous) and Med-
Diet were mutually adjusted in model 2, as were light and moderate-to-vigorous LTPA
b LTPA leisure-time physical activity, measured in METs min/day (metabolic equivalent of task per minute 
per day)
c MedDiet score, adherence to the Mediterranean diet (score 0 indicates minimum adherence and score 14 
maximum adherence)
d LTPA and MedDiet reflect the cumulative average of annual measurements

LTPA (METs·min/day)a,c Mean (range) n = 7356 (events) Model 1 Model 2

Total
 1st tertile 64 (< 130) 2427 (206) Reference Reference
 2nd tertile 194 (130–269) 2428 (143) 0.64 (0.52–0.79) 0.72 (0.58–0.90)
 3rd tertile 450 (> 269) 2501 (149) 0.53 (0.42–0.66) 0.64 (0.51–0.81)
 p for linear trend < 0.001 < 0.001

Light intensity
 1st tertile 19 (< 53) 2427 (177) Reference Reference
 2nd tertile 89 (53–130) 2429 (153) 0.72 (0.58–0.90) 0.78 (0.63–0.97)
 3rd tertile 220 (> 130) 2500 (168) 0.67 (0.54–0.84) 0.74 (0.60–0.93)
 p for linear trend < 0.001 0.008

Moderate-to-vigorous intensity
 1st tertile 4 (< 19) 2428 (236) Reference Reference
 2nd tertile 59 (19–119) 2427 (114) 0.51 (0.41–0.64) 0.57 (0.45–0.71)
 3rd tertile 304 (> 119) 2501 (148) 0.58 (0.47–0.72) 0.68 (0.54–0.85)
 p for linear trend < 0.001 < 0.001

MedDiet scoreb,c

 1st tertile 7.9 (< 9.0) 2583 (240) Reference Reference
 2nd tertile 9.8 (9.0–10.4) 2301 (131) 0.58 (0.47–0.72) 0.56 (0.45–0.70)
 3rd tertile 11.3 (> 10.4) 2472 (127) 0.48 (0.38–0.59) 0.47 (0.37–0.59)
 p for linear trend < 0.001 < 0.001
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and moderate-to-vigorous LTPA with MedDiet adherence, 
with a slightly stronger magnitude for moderate-to-vigorous 
LTPA, compared to light LTPA.

Despite sound evidence for the beneficial impact of LTPA 
on mortality risk reduction in the general population [3, 4, 
12, 30, 31], less evidence is available for different LTPA 
intensities in older populations. The HALE project, includ-
ing 2339 elderly European individuals, reported a 37% 
decrease in the 10-year risk of all-cause mortality in those 
participants in the intermediate and highest tertile of total 

LTPA [17]. Pooled data from six large prospective cohorts 
showed that 75 min of self-reported brisk walking per week 
was associated with a 19% mortality risk reduction in adults 
aged 21–90 years [32]. Higher levels of self-reported physi-
cal activity related to a greater mortality risk reduction. 
Similar findings were reported for objectively measured 
MVPA in US adults [12]. It is of interest that the curvi-
linear dose–response relationship between accelerometer-
measured MVPA and mortality reported by Matthews and 

Table 3   Hazard ratios (95% 
CI) for all-cause mortality 
according to joint categories of 
leisure-time physical activity 
(total, light and moderate-to-
vigorous LTPA) and adherence 
to the Mediterranean diet. a

LTPA and MedDiet reflect the cumulative average of annual measurements. Range of LTPA/MedDiet of 
the joint tertiles: Total LTPA/MedDiet: 1st/1st: < 130/< 9.0, 1st/2nd and 2nd/1st: < 269/< 10.4, 1st/3rd and 
3rd/1st: < 130/> 10.4 and > 269/< 9.0, 2nd/2nd: 130–269/9.0–10.4, 2nd/3rd and 3rd/2nd: > 130/> 9.0, 
3rd/3rd: > 269/> 10.4. Light LTPA/MedDiet: 1st/1st: < 53/< 9.0, 1st/2nd and 2nd/1st: < 130/< 10.4, 1st/3rd 
and 3rd/1st: < 53/> 10.4 and > 130/< 9.0, 2nd/2nd: 53–130/9.0–10.4, 2nd/3rd and 3rd/2nd: > 53/> 9.0, 
3rd/3rd: > 130/> 10.4. Moderate/vigorous LTPA/MedDiet: 1st/1st: < 19/< 9.0, 1st/2nd and 2nd/1st: 
< 119/< 10.4, 1st/3rd and 3rd/1st: < 19/> 10.4 and > 119/< 9.0, 2nd/2nd: 19–119/9.0–10.4, 2nd/3rd and 
3rd/2nd: > 19/> 9.0, 3rd/3rd: > 119/> 10.4
Cox proportional hazard results for the association of all-cause mortality and joint categories of leisure-
time physical activity (total, light, and moderate-to-vigorous LTPA) and adherence to the MedDiet. Model 
1 was adjusted by sex and age. Model 2 was adjusted for sex, age, diabetes, hyperlipidemia, hypertension, 
smoking, intervention group, education level, body mass index, and energy intake. Additionally, in Model 
2, light and moderate-to-vigorous LTPA were mutually adjusted
a LTPA leisure-time physical activity, measured in METs min/day (metabolic equivalent of task per minute 
per day)
b MedDiet score, adherence to the Mediterranean diet (score 0 indicates minimum adherence and score 14 
maximum adherence)

Mean of LTPA/
MedDiet score

n = 7356 (events) Model 1 Model 2

Joint tertiles of total LTPAa/MedDiet scoreb

 1st + 1st 60/7.8 1131 (125) Reference Reference
 1st + 2nd and 2nd + 1st 132/8.8 1549 (101) 0.55 (0.42–0.72) 0.56 (0.43–0.73)
 1st + 3rd and 3rd + 1st 274/9.4 1199 (95) 0.61 (0.47–0.80) 0.62 (0.47–0.82)
 2nd + 2nd 193/9.8 830 (49) 0.48 (0.34–0.66) 0.47 (0.34–0.66)
 2nd + 3rd and 3rd + 2nd 117/10.6 1520 (75) 0.36 (0.27–0.49) 0.35 (0.26–0.48)
 3rd + 3rd 455/11.5 1127 (53) 0.28 (0.20–0.39) 0.27 (0.19–0.38)
 p for linear trend < 0.001 < 0.001

Light LTPA/MedDiet
 1st + 1st 17/7.8 1014 (97) Reference Reference
 1st/2nd and 2nd + 1st 56/8.8 1521 (118) 0.70 (0.54–0.92) 0.70 (0.54–0.92)
 1st + 3rd and 3rd + 1st 129/9.5 1461 (105) 0.62 (0.47–0.82) 0.63 (0.48–0.84)
 2nd + 2nd 88/9.8 786 (39) 0.42 (0.29–0.61) 0.42 (0.29–0.61)
 2nd + 3rd and 3rd + 2nd 150/10.6 1637 (88) 0.43 (0.32–0.58) 0.42 (0.31–0.57)
 3rd + 3rd 220/11.4 937 (51) 0.36 (0.26–0.51) 0.35 (0.24–0.50)
 p for linear trend < 0.001 < 0.001

Moderate/vigorous LTPA/MedDiet score
 1st + 1st 3/7.7 1102 (126) Reference Reference
 1st + 2nd and 2nd + 1st 32/8.9 1583 (112) 0.62 (0.48–0.80) 0.62 (0.48–0.80)
 1st + 3rd and 3rd + 1st 159/9.6 1224 (112) 0.76 (0.59–0.98) 0.74 (0.57–0.96)
 2nd + 2nd 59/9.8 820 (35) 0.38 (0.26–0.55) 0.37 (0.25–0.54)
 2nd + 3rd and 3rd + 2nd 177/10.5 1505 (63) 0.35 (0.26–0.48) 0.34 (0.24–0.46)
 3rd + 3rd 311/11.5 1122 (50) 0.31 (0.22–0.44) 0.29 (0.20–0.41)
 p for linear trend < 0.001 < 0.001
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colleagues [12] is similar to our data based on self-reported 
MVPA.

The ageing phenomenon is characterized by a series of 
morphological and physiological changes that lead to a 
reduction in physical activity performance, especially at 
high intensities but also at moderate intensities. Therefore, 
light physical activity may be a more feasible option for 
older adults. Consequently, the promotion of light-intensity 
physical activities could be a helpful strategy to improve 
health and reduce the risk of premature mortality. Recent 
evidence indicates that self-reported and objectively meas-
ured light physical activity might have greater health ben-
efits than previously thought [12, 33–35]. Our findings add 
further evidence for the impact of light physical activities 
on the risk of all-cause mortality. A finding of particular 
importance is that mortality risk was reduced by 22% in the 
second tertile of light physical activity, which corresponds to 
approximately 40 min of slow walking daily, 30 min of daily 

slow bicycling or 30 min of light yard work. These activities 
could be a more feasible option for older adults than regular 
engagement in MVPA. An even stronger risk reduction of 
58% was observed for the joint category of moderate levels 
of light physical activity (equivalent to 40 min of slow walk-
ing per day) and moderate MedDiet adherence (equivalent 
to 9.0–10.4 points). Furthermore, our dose–response analy-
sis revealed that light-intensity activities are more impor-
tant at the lower end of the dose–response curve, which is 
in concordance with previous findings by Matthews and 
colleagues [12]. The present study found no further risk 
reduction beyond 300 METs of light LTPA, independently 
of moderate-to-vigorous LTPA (equivalent to 2 h of slow 
walking per day).

Our finding that MedDiet adherence is inversely associ-
ated with all-cause mortality has been previously reported 
in older adults [16–18]. However, there is little prior evi-
dence about the joint association of MedDiet adherence 

Fig. 1   Dose–response association between all-cause mortality and 
a total LTPA, b moderate-to-vigorous LTPA, c light LTPA, and d 
adherence to the Mediterranean diet. All models were adjusted for 
sex, age, diabetes, hyperlipidaemia, hypertension, smoking, inter-
vention group, education level, body mass index, and energy intake. 

Additionally, we mutually adjusted LTPA (total, moderate-to-vigor-
ous, and light) with adherence to the Mediterranean diet, and light 
LTPA with moderate-to-vigorous LTPA. LTPA leisure-time physical 
activity, measured in METs min/day
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and physical activity with mortality [19]. Behrens and col-
leagues found inverse associations of physical activity and 
MedDiet adherence, separately and joined, with all-cause 
mortality in a large cohort of adults with a mean age of 
62.5 years at the beginning of follow-up. The effect of the 
joint association of physical activity and MedDiet adher-
ence was slightly higher than the separate associations of 
these lifestyle factors with all-cause mortality. Additionally, 
the magnitude of these associations was significantly lower 
than that reported in the present study. Dichotomous versus 
tertile coding of lifestyle categories might partially explain 
this difference. In our study, the top category of high levels 
of LTPA and high MedDiet adherence showed the highest 
effect size. However, our finding that intermediate catego-
ries of LTPA and adherence to the MedDiet reduced all-
cause, cardiovascular, and cancer mortality risk by 53, 35, 
and 69%, respectively, is of importance because it implies 
that even relatively slight changes in these lifestyle factors 
were associated with substantial health benefits.

Physical activity could decrease the mortality risk, mainly 
by decreasing the risk of non-communicable diseases, such 
as coronary heart disease, metabolic syndrome, hyperten-
sion, diabetes, stroke, colon and breast cancer, depression, 
neurological diseases and muscle-skeletal diseases [36–39]. 
Adherence to the Mediterranean diet could further increase 
life expectancy by adding its benefits of decreasing the risk 
of cardiovascular diseases, cancer, neurogenerative diseases, 
and diabetes [14, 15].

We acknowledge the potential for misclassification 
because recall and reporting biases are inherent limitations 
of self-reported data. However, random misclassification 
would attenuate the association of the exposure variables 
with the outcome. Therefore, it is likely that our results 
underestimate the true relationship of LTPA and MedDiet 
adherence with mortality. The strengths of this study are the 
large sample of older adults, the annually repeated measure-
ments of the variables that best represent long-term exposure 
and also reduce within-person variation, and the use of vali-
dated questionnaires.

In summary, adherence to the MedDiet and total, light, 
and moderate-to-vigorous LTPA were inversely associated 
with mortality. Joint categories of high MedDiet adherence 
and high levels of total, light, and moderate-to-vigorous 
LTPA showed the highest effect size. Our findings add fur-
ther evidence for the promotion of light physical activity 
among older adults. Randomized clinical studies, such as 
the ongoing PREDIMED Plus trial [40], are necessary to 
provide causal evidence on the effect of a combined physical 
activity and dietary intervention on health outcomes.
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