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A B S T R A C T

Purpose: Pro-vegetarian (PVG) dietary patterns have shown health benefits, although the evidence concerning their
association with mortality is scarce, particularly in older populations. We investigated the effect of three defined
PVG patterns on all-cause, cardiovascular disease (CVD) and cancer mortality risk in an older Mediterranean
population.
Methods:Weanalysed baseline data from597 adults aged 65 and olderwhoparticipated in a population-based cross-
sectional study, andmortality during a12-year period.Weused avalidated food frequencyquestionnaire to estimate
the adherence in tertiles to three evidence-based PVG dietary patterns: a general PVG pattern (gPVG) and two
specific variations (healthful -hPVG, and unhealthful -uPVG). The gPVG pattern incorporated data from 12 food
groups, consisting of 7 plant-based and 5 animal-based. The hPVG and uPVG versions included information from 18
food groups (4 food groups added and the splitting of 2 food groups). We used Cox regression to estimate hazard
ratios (HR) and 95% confidence intervals (CI) adjusting for relevant covariates.
Results: After the 12-years follow-up period, moderate adherence to hPVG pattern was associated with lower all-
cause and CVDmortality whereas greater adherence to uPVG pattern was associated with higher all-cause and CVD
mortality. Compared with those in the lowest tertile, participants in the second tertile of adherence to the hPVG
pattern showed a significant lower risk of all-cause mortality (HR=0.59; 95%CI: 0.43, 0.82) and CVD mortality
(HR=0.47; 0.28, 0.78). Participants in the highest tertile of adherence to the uPVG showed an increased mortality
risk of all-cause (HR=1.53; 1.07, 2.19) and CVD (HR=2.10; 1.19, 3.70). No significant associations were found
between adherence to any of the PVG dietary patterns and cancer mortality.
Conclusion:Moderate adherence to a healthy PVGpattern reduced the long-termmortality risk for all-cause andCVD
in an olderMediterranean population, while higher adherence to an unhealthy PVG pattern increased the risk of all-
cause and CVD mortality.
© 2024 The Authors. Published by Elsevier Masson SAS on behalf of SERDI Publisher. This is an open access article
under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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1. Introduction

The increased life expectancy has led to a higher prevalence of non-
communicable diseases, with cardiovascular disease (CVD) and cancer
emerging as the most important causes of death [1]. Quitting smoking or

not smoking, regular physical activity, and following a healthy diet are
some of the habits that can help to reduce the risk of CVD and cancer,
allowing individuals to live longer [2].

Regarding diet, the interest in the role of plant-based dietary patterns
(PDI) has increased over the last decade for ethical, environmental and
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health reasons [3]. Although the vegetarian diets are the most popular
PDI, prevalence of vegetarianism remains low [4]. Vegetarian patterns
are characterized by the exclusion of animal foods, and this can lead to
fewer followers due to concerns about nutritional adequacy or a lack of
awareness [5]. In this sense, pro-vegetarian (PVG) dietary patterns are
more focused on prioritising plant foods rather than excluding animal
foods [6]. Studying these patterns provides the advantage of examining
the gradual incorporation of plant-based foods. Additionally, since not all
plant-based foods are equally recommendable, there may exist both
healthful and unhealthful PVG patterns [7]. The evidence for these PVG
dietary patterns supports beneficial associations with obesity [8,9],
cardiometabolic risk [10] and different types of cancer [11–14]. But the
benefits of these patterns may go further, as there is some evidence that
they may also reduce mortality risk. A previous study that included more
than 100,000 South Korean adults, showed that a greater adherence to a
PDI was associated with a 24% lower risk of all-cause mortality while a
higher adherence to an unhealthful PDI (uPDI) was associated with a
higher risk of all-cause, CVD and cancer mortality [15]. One study based
on a sample of NHANES III only showed a statistically significant
association for those participants with a healthful PDI (hPDI) score above
the median and all-cause mortality [16]. Martínez-González et al. also
studied the relationship between a general PVG (gPVG) dietary pattern
and mortality in the PREDIMED study and showed that a higher
adherence to this pattern in older people at high cardiovascular risk was
associated with a 41% reduction of all-cause mortality [6].

Despite the evidence that these patterns may be related to mortality,
the relationship is not fully consistent, especially in older Mediterranean
populations. Thus, our aimwas to evaluate the association between three
PVG dietary patterns (general-gPVG, healthful-hPVG and unhealthful-
uPVG) and the long-term mortality for all-cause, CVD and cancer in an
older Mediterranean population.

2. Material and methods

2.1. Study design and population

We used data from participants in the European Eye Study (EUREYE)
project in Spain, a population-based, cross-sectional study conducted in
seven European countries in 2000–2001 [17]. The main objective of the
study was to assess the prevalence of age-related macular degeneration,
and risk factors among the elderly population (aged 65 years and older) in
Europe. In the EUREYE-Spain study, a total of 597 subjects (54.3%
females) were enrolled in the province of Alicante, Spain. All participants
were interviewed at baseline using structured questionnaires to collect
information on main lifestyle factors such as smoking, alcohol
consumption, dietary habits and sociodemographic characteristics. All
participants were informed of the aims of the study and agreed by
informed consent to complete the interview. The study received ethical
approval from the Local Ethics Committee of theHospital de San Juan and
Miguel Hernández University in Alicante, Spain (PM-EU, QLK6-CT-1999-
02094).

2.2. Dietary intake and pro-vegetarian dietary patterns

Diet was assessed using a semi-quantitative food frequency question-
naire (FFQ) validated in adult population in Spain [18]. The FFQ included
131 food items, alongwith their standard portion sizes. Participants were
asked to report their usual intake over the previous year, with nine
frequency of consumption options, ranging from "never or<1month" to "
�6 times a day."

We developed three evidence-based a priori PVG patterns, including
the gPVG pattern by Martínez-González [6], and the hPVG and uPVG
variations based on the methodology proposed by Satija et al. [7].
These dietary patterns were constructed using information from 18
food groups, including vegetables, fruits, legumes, whole grains,

refined grains, boiled potatoes, fries or chips, nuts, olive oil, tea and
coffee, fruit juices, sugar-sweetened beverages, sweets and desserts,
meat and meat products, animal fats, eggs, fish and seafood, and dairy.
Table S1 outlines the specific items within each food group and the
scoring criteria for each pattern. The creation of these PVG dietary
patterns involved the following steps. First, the consumption of the 18
food groups in grams was adjusted for total energy intake using the
residuals method [19]. Then, the calorie-adjusted consumption was
divided into tertiles, assigning values from 1 to 3 based on the
consumption of each food group. For the gPVG food pattern, 7
components from plant-based food groups received positive scores (3
for the highest intake): vegetables, fruits, legumes, grains (whole and
refined grains), potatoes (boiled potatoes and fries or chips), nuts, and
olive oil. On the other hand, 5 components from animal-based food
groups were scored inversely: meat and other meat products, animal
fats, eggs, fish and seafood, and dairy, with a value of 3 for the lowest
consumption. In the hPVG and uPVG patterns, the grains group was
further divided into whole and refined grains, and the potatoes group
into fries or chips and boiled potatoes. Additionally, four groups (1. tea
and coffee; 2. fruit juices; 3. sugar-sweetened beverages; and 4. desserts
and sweets) were introduced in both patterns. In these patterns the
animal-based food groups also scored in reverse. In addition, since
these dietary patterns consider the healthiness of plant-based foods,
whole grains and boiled potatoes scored as healthy foods (positively in
the hPVG and reverse in the uPVG). While refined grains, fries or chips,
fruit juices, sugar-sweetened beverages, desserts and sweets scored as
unhealthy foods (reversed in the hPVG and positive in the uPVG). All
other plant-based food groups (vegetables, fruit, legumes, nuts and
olive oil) scored as healthy foods.

To calculate the final score for each participant,we summed the points
for the 12 (for gPVG pattern) or 18 (for hPVG and uPVG patterns)
components. The possible scores ranged from 12 points (indicating
minimum adherence) to 36 points (indicating maximum adherence) for
the gPVG pattern, and from 18 points (minimum adherence) to 54 points
(maximum adherence) for the hPVG and uPVG patterns.

2.3. Mortality assessment

Throughout the 12-year follow-up period, information regarding the
cause and date of death was gathered from two sources: the Mortality
Registry in the Valencian Region and the National Death Index from the
Spanish Statistical Office. The cause of death was coded using the 10th
version of the International Classification of Diseases (ICD-10). Deaths
were grouped into three broad categories as follows: CVD (ICD-10: I00-
I99), cancer (ICD-10 codes: C00-D49), and all-cause mortality. The latter
category encompassed both CVD and cancer deaths, as well as deaths
resulting from any other cause.

2.4. Other variables

Participants underwent interviews conducted by trained fieldworkers
using structured questionnaires covering sociodemographic character-
istics and lifestyle habits. Additionally, a health examination was carried
out, including measurements of height and weight. Finally, the following
variables were taken into account in our analysis: age (in years); sex
(male; female); educational level (<primary or<7 years; primary or 7–10
years; >primary or >10 years); waist circumference (in cm, for male:
normal: 78–94; moderate: 94–102; and large: >102; and for females:
normal: 64–80; moderate: 80–88; and large: >88) [20]; sleeping time
(hours/day); smoking habit (current; past; never); alcohol consumption
(g/day); pre-existing chronic disease at baseline (self-reported diabetes,
high blood cholesterol and hypertension); and TVwatching (hours/day).
Self-reported diseases in the elderly showed a high degree of agreement
with the medical conditions recorded in their official health records
[21,22].
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2.5. Statistical analysis

We employed one-factor ANOVA for quantitative variables and chi-
square tests for categorical variables to assess the differences in the
baseline characteristics and lifestyles among the tertiles of adherence to
the different PVG dietary patterns (gPVG, hPVG and uPVG). We labelled
each level of adherence as: low, moderate and high.

To track each participant's progress, we calculated the person-years of
follow-up from the baseline interview date in the study until the date of
death or the completion of 12-year follow-up, whatever occurred first.

Furthermore, we explored the association between adherence to the
different PVGdietary patterns and the risk ofmortality during the 12-year
follow-up period. We used Cox proportional regression models to

estimate adjusted hazard ratios (HR) and 95% confidence intervals (CIs).
Adherence to each pattern was assessed in tertiles. The first tertile (low
adherence) was the reference. We adjusted two models. The first model
was minimally adjusted for age and sex. The second model included
additional variables previously identified as potential confounders in the
literature, aswell as variables that showed p-values<0.20 in the bivariate
analysis. This model included: educational level (<primary or <7 years;
primary or 7–10years;>primary or>10 years) [23],waist circumference
(normal; moderate; high) [24], sleeping time (hours/day) [25], smoking
habit (current; past; never), alcohol consumption (grams/day), self-
reported diabetes (no/yes), high cholesterol (no/yes), hypertension (no/
yes) and TV-watching (hours/day) [26]. The association for every one-
point increment in adherence to each PVG dietary pattern was also
examined.

We used the Likelihood Ratio Test (LRT) to evaluate the overall
significance of the association using the different PVG patterns. We
estimated p-trend to explore dose-response relationship for the different
PVG patterns adherence, considering these as continuous rather than
categorical variables. We also generated cumulative incidence curves for
tertiles of adherence to each PVG dietary pattern and all-cause mortality.

The statistical analyses were conducted using STATA, version 171

College Station, TX: StataCorp LP. A significance level of 0.05 was
established.

3. Results

Baseline characteristics of participants according to tertiles of
adherence to the three PVG dietary patterns are shown in Table 1.
Participants with higher adherence to a hPVG dietary pattern were more
likely to be younger and showed higher prevalence of self-reported
diabetes and hypercholesterolemia. On the other hand, those participants
with higher adherence to a uPVG dietary pattern were more likely to be
male, smoker, with a higher alcohol consumption, higher hours of sleep,
lower waist circumference and a lower prevalence of self-reported
diabetes.

During the 12-year period (5813.9 persons-years), 251 deaths
occurred, 100 (39.8 %) due to CVD and 58 (23.1 %) due to cancer.
During the 12-year period, cumulative incidence curves for all-cause
mortality were the lowest for a high adherence (T3) to a gPVG pattern, a
moderate adherence (T2) to a hPVG and a low adherence (T1) to a uPVG
(Fig. 1).

Tables 2 and 3 and 4 show the HRs for all-cause, CVD, and cancer
mortality for each of the three PVG dietary patterns. The adherence to a
gPVGwas not significantly associated with all-cause or any specific cause
of mortality (Table 2).

We observed an inverse association betweenmoderate adherence to a
hPVG pattern and all-cause and CVDmortality throughout the follow-up
period (Table 3). After 12-years of follow-up, compared to participants
with lowest adherence (T1), those with moderate adherence (T2) to a
hPVG dietary pattern showed a 41% (HR: 0.59; 95% CI: 0.43�0.82) and
53% (HR: 0.47; 95% CI: 0.28�0.78) lower risk of all-cause and CVD
mortality in the adjusted model, respectively (Table 3). No statistically
significant association was observed between the adherence to a hPVG
and cancer mortality during the study period. When the adherence to a
hPVG pattern was evaluated as a continuous term, we did not find any
significant association.

Individuals with higher adherence (T3) to the uPVG dietary pattern
showed a 53% higher risk of all-cause mortality (HR: 1.53; 95% CI: 1.07
�2.19) when compared with those with the lowest adherence (T1)
(Table 4). Furthermore, those with higher adherence (T3) to the uPVG
pattern exhibited a 110%higher risk of CVDmortality (HR: 2.10; 95%CI:
1.19�3.70). No statistically significant association between adherence to
an uPVG and cancer mortality was observed. Significant associations
were found for all-causes and CVDmortalitywhen the adherence to uPVG
pattern was evaluated as continuous variable with a significant dose-
response (p-trend < 0.05).

Table 1
Baseline characteristics of participants according to tertiles of the three PVG
dietary patterns in the European Eye Study (EUREYE) (n = 597).

gPVGa

Low <24
(n=249)

Moderate 24�25
(n=166)

High >25
(n=182)

Sex, female (%) 57.8 52.4 51.1
Age (y) 74.0 (6.5)b 74.4 (6.9) 73.2 (5.6)
<Primary education (%) 52.6 59.0 52.2
Waist circumference, largec (%) 66.9 67.1 57.7
Smoking, current smoker (%) 13.3 18.1 12.1
Alcohol intake (g/d) 7.2 (10.1) 7.9 (14.3) 7.1 (12.5)
TV watching (hours/day) 4.2 (1.8) 4.1 (2.1) 4.0 (1.8)
Sleep (hours/day) 7.9 (2.1) 8.1 (2.2) 8.0 (1.8)
Hypertension (%) 45.2 41.6 38.3
High blood cholesterol (%) 17.7 17.2 21.7
Diabetes (%) 19.7 17.5 19.9

hPVG

Low <36
(n=266)

Moderate 36�38
(n=181)

High >38
(n=150)

Sex, female (%) 54.1 52.5 56.7
Age (y) 74.5 (6.8) 73.8 (6.2) 72.8 (5.6)
<Primary education (%) 59.0 49.7 51.3
Waist circumference, large (%) 64.0 70.7 56.4
Smoking, current smoker (%) 13.6 15.5 14.0
Alcohol intake (g/d) 6.9 (9.9) 7.2 (11.5) 8.5 (15.8)
TV watching (hours/day) 4.2 (2.0) 4.0 (1.8) 4.0 (1.9)
Sleep (hours/day) 8.1 (2.1) 8.1 (1.9) 7.8 (1.9)
Hypertension (%) 47.1 39.1 36.7
High blood cholesterol (%) 15.9 16.6 26.5
Diabetes (%) 14.3 20.4 26.0

uPVG

Low <35
(n=214)

Moderate 35�38
[142_TD$DIFF](n=219)

High >38
(n=164)

Sex, female (%) 65.4 57.5 35.4
Age (y) 73.2 (5.9) 74.3 (6.6) 74.1 (6.6)
<Primary education (%) 54.7 53.0 55.5
Waist circumference, large (%) 69.6 64.5 56.4
Smoking, current smoker (%) 11.7 13.2 19.1
Alcohol intake (g/d) 5.0 (7.8) 7.1 (13.0) 10.8 (14.6)
TV watching (hours/day) 4.1 (1.7) 4.1 (2.0) 4.1 (2.0)
Sleep (hours/day) 7.7 (1.9) 8.1 (2.0) 8.2 (2.1)
Hypertension (%) 44.8 40.1 41.3
High blood cholesterol (%) 23.6 16.5 15.5
Diabetes (%) 30.4 17.4 6.8

Abbreviations: gPVG: general pro-vegetarian dietary pattern; hPVG, healthful
pro-vegetarian dietarypattern; uPVG, unhealthful pro-vegetariandietary pattern.
Bold values are p-value < 0.05.

a Comparisons of characteristics across tertiles of the PVGdietary patternswere
performed by using 1-factor ANOVA for quantitative variables or chi-square tests
for categorical variables.
b Mean (SD) (all such values).
c For male: >102 cm; and for females: >88 cm.
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4. Discussion

In this study, a higher adherence to healthful PVG dietary pattern was
associated with lower all-cause and CVDmortality after a 12-year follow-
up period. A higher adherence to an unhealthful PVG dietary pattern was
associated to higher risk of all-cause and CVD mortality.

The adherence to the gPVGdietary patternwas not associatedwith the
risk of all-cause and/or specific cause of mortality in our study. This lack
of association with a gPVG has been also reported by other studies
[16,27,28], although some studies have reported a protective association
between adherence to this general pattern and the risk of all-cause

[6,15,29] or specific mortality [30,31]. This inconsistency might be
attributed in part to variations in the study population's characteristics
like age of participants, since some studies included younger participants
than in our study [16,28,30]. The lack of association found in our study
could be also due to the small sample size and the limited statistical power
(n=597).

Themoderate adherence to the hPVGwas associatedwith a lower risk
of all-cause and CVDmortality in our study after 12 years of follow-up. A
study with more than 60,000 participants from the Nurses' Health Study
and theHealth Professionals Follow-Up Study, also founda10% lower all-
cause mortality risk in those participants with higher hPDI adherence.
Furthermore, for each additional 10 points of adherence, the risk of CVD
mortality decreased by 9%[27]. In another study conducted byKimet al.,
which included more than 12,000 participants at higher cardiovascular
risk from the Atherosclerosis Risk in Communities study, a higher
adherence to the hPDI pattern was also associated with a reduced risk of
all-cause (19%) and CVD-specific mortality (11%) [30]. Other studies
conducted in Spain [32], UK [33] and US [34] have also reported similar
findings regarding this pattern.

Several mechanisms could account for the observed protective
association between adherence to the hPVG pattern and the reduced
risk of all-cause and CVD mortality. This pattern and its opposite, the
uPVG pattern, were developed based on information available in the
scientific literature regarding the relationship between various plant-
based foods and the risk of chronic diseases such as diabetes and CVD [7].
In this sense, the hPVG pattern has shown positive associations with the
risk of diabetes [7,35], obesity [9], and cardiometabolic markers [10].
Some key components of this pattern, such as coffee or tea, fruits and
vegetables, and nuts, may provide an explanation for our results by their
association with reduced overall and CVDmortality rates [36–40]. These
plant-based foods are abundant in essential minerals, vitamins, and other
bioactive compounds, including polyphenols and dietary fibers, which
may play a pivotal role in anticoagulant, anti-inflammatory, and
antioxidant processes [41–43]. In addition, replacing animal proteins
with plant-based proteins has been associated with beneficial effects on
mortality [44], in part through its influence on insulin regulation,
specifically in reducing Insulin Growth Factor-1 levels—a protein linked
to ahigher risk ofmortality [45]. In this regard, it is important to note that
in our study, the association was not observed at the highest level of
adherence but rather at a moderate level of adherence. This non-linear
association between adherence to hPVG and mortality risk has been also
documented in a prior study [16]. It may be attributed to the L-shaped
curve relationship observed in certain foods positively scored in this
pattern, such as fruits and vegetables [46]. In other words, the decline in
mortality risk associated with the consumption of these foods doesn't
follow a linear trend but reaches a plateau at a specific level.

A higher adherence to uPVG was associated with an elevated risk of
all-cause and CVD mortality in our study. This pattern assigns positive
scores to certain foods linked to increasedmortality, such as friedpotatoes
[47] or sugar-sweetened drinks [48], which may provide an explanation
for our findings. Moreover, previous studies have consistently showed a
positive association betweenhigh adherence to this pattern and the risk of
all-cause and CVD mortality [15,27,29,31,33,49].

These results can be explained by various mechanisms related to
adherence to uPVG and its impact on both all-cause and CVD mortality.
First, the uPVG pattern incorporates processed and refined plant-based
foods, potentially leading to a nutritionally deficient pattern, character-
ized by abundant low-quality fats, sugars, salt and excessive energy [50],
which can contribute to chronic low-grade inflammation and oxidative
stress in the body [51]. These processes are linked to the development and
progression of cardiovascular diseases and overall mortality [52]. In this
sense, the consumption of sodiumand free sugars has been strongly linked
to thedevelopment of highbloodpressure [53–56], amajor contributor to
CVD incidence and mortality [57,58]. Furthermore, the consumption of
ultra-processed products, foods which are included in the uPVG pattern,
has been associated with substantial increases in fat mass [59] and

Fig. 1. Curves of cumulative incidence for all-cause mortality during the study
period according to tertile of adherence to the different PVG dietary patterns
(gPVG, hPVG and uPVG) among elderly participants of EUREYE-Spain study (n=
597).

A. Oncina-Cánovas et al. The Journal of nutrition, health and aging 28 (2024) 100239

4



Ta
bl
e
2

A
ss
oc

ia
ti
on

s
be

tw
ee
n
ad

he
re
nc

e
to

a
gP

V
G
di
et
ar
y
pa

tt
er
n
(i
n
te
rt
ile

s)
an

d
al
l-c

au
se
,c

ar
di
ov

as
cu

la
r
di
se
as
e
an

d
ca
nc

er
m
or
ta
lit
y
am

on
g
pa

rt
ic
ip
an

ts
of

Eu
ro
pe

an
Ey

e
St
ud

y
(E
U
R
EY

E)
(n

=
59

7)
.

gP
V
G

Lo
w

M
od

er
at
e

H
ig
h

p-
va

lu
eb

p-
tr
en

dc
Pe

r
1
po

in
t
in
cr
em

en
t

Fo
llo

w
-u
p
at

12
ye
ar
s

A
ll-
ca
us
e,

n
(%

)
24

9
(4
1.
7)

16
6
(2
7.
8)

18
2
(3
0.
5)

de
at
hs
,n

11
0

71
70

pe
rs
on

-y
ea
rs

24
01

.9
15

90
.9

18
21

.1
H
R
(9
5%

C
I)

A
ge

an
d
se
x
ad

ju
st
ed

1.
00

0.
79

(0
.5
8�

1.
08

)
0.
87

(0
.6
4�

1.
18

)
M
ul
ti
va

ri
ab

le
a

1.
00

0.
78

(0
.5
7�

1.
06

)
0.
85

(0
.6
2�

1.
16

)
0.
25

6
0.
23

8
0.
96

(0
.9
2�

1.
01

)

C
V
D
,n

(%
)

18
0
(4
0.
4)

12
1
(2
7.
1)

14
5
(3
2.
5)

de
at
hs
,n

41
26

33
pe

rs
on

-y
ea
rs

19
24

.8
13

01
.7

15
83

.8
H
R
(9
5%

C
I)

A
ge

an
d
se
x
ad

ju
st
ed

1.
00

0.
69

(0
.4
2�

1.
14

)
1.
01

(0
.6
4�

1.
60

)
M
ul
ti
va

ri
ab

le
a

1.
00

0.
61

(0
.3
5�

1.
05

)
0.
99

(0
.6
1�

1.
62

)
0.
14

0
0.
86

4
0.
99

(0
.9
2�

1.
07

)

C
an

ce
r,
n
(%

)
16

3
(4
0.
4)

11
2
(2
7.
7)

12
9
(3
1.
9)

de
at
hs
,n

24
17

17
pe

rs
on

-y
ea
rs

18
26

.5
12

30
.7

14
42

.4
H
R
(9
5%

C
I)

A
ge

an
d
se
x
ad

ju
st
ed

1.
00

0.
84

(0
.4
3�

1.
63

)
0.
91

(0
.4
9�

1.
72

)
M
ul
ti
va

ri
ab

le
a

1.
00

0.
83

(0
.4
3�

1.
62

)
0.
91

(0
.4
8�

1.
71

)
0.
86

6
0.
74

5
0.
96

(0
.8
8�

1.
05

)

A
bb

re
vi
at
io
ns
:g

PV
G
:g

en
er
al

pr
o-
ve

ge
ta
ri
an

di
et
ar
y
pa

tt
er
n;

H
R
:h

az
ar
d
ra
ti
os
;C

I:
co

nf
id
en

ce
in
te
rv
al
;C

V
D
:c

ar
di
ov

as
cu

la
r
di
se
as
e.

a
C
ox

re
gr
es
si
on

m
od

el
ad

ju
st
ed

fo
ra

ge
(i
n
ye

ar
s)
,s
ex

(m
al
e;
fe
m
al
e)
,e
du

ca
ti
on

al
le
ve

l(
<
Pr
im

ar
y
or

<
7
ye

ar
s;
Pr
im

ar
y
or

7–
10

ye
ar
s;
>
Pr
im

ar
y
or

>
10

ye
ar
s)
,w

ai
st
ci
rc
um

fe
re
nc

e
(n
or
m
al
;m

od
er
at
e;
la
rg
e)
,s
le
ep

in
g
ti
m
e

(h
ou

rs
/d

ay
),
sm

ok
in
g
ha

bi
t
(c
ur
re
nt
;p

as
t;
ne

ve
r)
,a

lc
oh

ol
co

ns
um

pt
io
n
(g
ra
m
s/
da

y)
,s
el
f-
re
po

rt
ed

di
ab

et
es

(n
o/

ye
s)
,h

ig
h
ch

ol
es
te
ro
l(
no

/y
es
),
hy

pe
rt
en

si
on

(n
o/

ye
s)

an
d
TV

-w
at
ch

in
g
(h
ou

rs
/d

ay
).

b
p-
va

lu
e
fr
om

LR
te
st
.

c
p-
va

lu
e
fr
om

tr
en

d-
te
st
.

A. Oncina-Cánovas et al. The Journal of nutrition, health and aging 28 (2024) 100239

5



Ta
bl
e
3

A
ss
oc

ia
ti
on

s
be

tw
ee
n
ad

he
re
nc

e
to

a
hP

V
G
di
et
ar
y
pa

tt
er
n
(i
n
te
rt
ile

s)
an

d
al
l-c

au
se
,c

ar
di
ov

as
cu

la
r
di
se
as
e
an

d
ca
nc

er
m
or
ta
lit
y
am

on
g
pa

rt
ic
ip
an

ts
of

Eu
ro
pe

an
Ey

e
St
ud

y
(E
U
R
EY

E)
(n

=
59

7)
.

hP
V
G

Lo
w

M
od

er
at
e

H
ig
h

p-
va

lu
eb

p-
tr
en

dc
Pe

r
1
po

in
t
in
cr
em

en
t

Fo
llo

w
-u
p
at

12
ye
ar
s

A
ll-
ca
us
e,

n
(%

)
26

6
(4
4.
6)

18
1
(3
0.
3)

15
0
(2
5.
1)

de
at
hs
,n

12
6

62
63

pe
rs
on

-y
ea
rs

24
87

.6
18

25
.2

15
01

.1
H
R
(9
5%

C
I)

A
ge

an
d
se
x
ad

ju
st
ed

1.
00

0.
65

(0
.4
8�

0.
88

)
0.
93

(0
.6
8�

1.
25

)
M
ul
ti
va

ri
ab

le
a

1.
00

0.
59

(0
.4
3�

0.
82

)
0.
90

(0
.6
5�

1.
24

)
0.
00

4
0.
20

9
0.
98

(0
.9
4�

1.
01

)

C
V
D
,n

(%
)

19
4
(4
3.
5)

14
4
(3
2.
3)

10
8
(2
4.
2)

de
at
hs
,n

54
25

21
pe

rs
on

-y
ea
rs

19
81

.6
16

20
.6

12
08

.1
H
R
(9
5%

C
I)

A
ge

an
d
se
x
ad

ju
st
ed

1.
00

0.
54

(0
.3
3�

0.
86

)
0.
83

(0
.5
0�

1.
40

)
M
ul
ti
va

ri
ab

le
a

1.
00

0.
47

(0
.2
8�

0.
78

)
0.
81

(0
.4
7�

1.
39

)
0.
00

9
0.
14

2
0.
97

(0
.9
2�

1.
03

)

C
an

ce
r,
n
(%

)
16

6
(4
1.
1)

13
2
(3
2.
7)

10
6
(2
6.
2)

de
at
hs
,n

26
13

19
pe

rs
on

-y
ea
rs

18
46

.6
14

81
.5

11
71

.5
H
R
(9
5%

C
I)

A
ge

an
d
se
x
ad

ju
st
ed

1.
00

0.
58

(0
.3
0�

1.
14

)
1.
17

(0
.6
5�

2.
13

)
M
ul
ti
va

ri
ab

le
a

1.
00

0.
53

(0
.2
6�

1.
06

)
1.
13

(0
.6
0�

2.
14

)
0.
08

2
0.
91

4
1.
00

(0
.9
4�

1.
08

)

A
bb

re
vi
at
io
ns
:h

PV
G
:h

ea
lt
hf
ul

pr
o-
ve

ge
ta
ri
an

di
et
ar
y
pa

tt
er
n;

H
R
:h

az
ar
d
ra
ti
os
;C

I:
co

nf
id
en

ce
in
te
rv
al
;C

V
D
:c

ar
di
ov

as
cu

la
r
di
se
as
e.

Bo
ld

va
lu
es

ar
e
p-
va

lu
e
<
0.
05

.
a
C
ox

re
gr
es
si
on

m
od

el
ad

ju
st
ed

fo
ra

ge
(i
n
ye

ar
s)
,s
ex

(m
al
e;
fe
m
al
e)
,e
du

ca
ti
on

al
le
ve

l(
<
Pr
im

ar
y
or

<
7
ye

ar
s;
Pr
im

ar
y
or

7–
10

ye
ar
s;
>
Pr
im

ar
y
or

>
10

ye
ar
s)
,w

ai
st
ci
rc
um

fe
re
nc

e
(n
or
m
al
;m

od
er
at
e;
la
rg
e)
,s
le
ep

in
g
ti
m
e

(h
ou

rs
/d

ay
),
sm

ok
in
g
ha

bi
t
(c
ur
re
nt
;p

as
t;
ne

ve
r)
,a

lc
oh

ol
co

ns
um

pt
io
n
(g
ra
m
s/
da

y)
,s
el
f-
re
po

rt
ed

di
ab

et
es

(n
o/

ye
s)
,h

ig
h
ch

ol
es
te
ro
l(
no

/y
es
),
hy

pe
rt
en

si
on

(n
o/

ye
s)

an
d
TV

-w
at
ch

in
g
(h
ou

rs
/d

ay
).

b
p-
va

lu
e
fr
om

LR
te
st
.

c
p-
va

lu
e
fr
om

tr
en

d-
te
st
.

A. Oncina-Cánovas et al. The Journal of nutrition, health and aging 28 (2024) 100239

6



Ta
bl
e
4

A
ss
oc

ia
ti
on

s
be

tw
ee
n
ad

he
re
nc

e
to

a
uP

V
G
di
et
ar
y
pa

tt
er
n
(i
n
te
rt
ile

s)
an

d
al
l-c

au
se
,c

ar
di
ov

as
cu

la
r
di
se
as
e
an

d
ca
nc

er
m
or
ta
lit
y
am

on
g
pa

rt
ic
ip
an

ts
of

Eu
ro
pe

an
Ey

e
St
ud

y
(E
U
R
EY

E)
(n

=
59

7)
.

uP
V
G

Lo
w

M
od

er
at
e

H
ig
h

p-
va

lu
eb

p-
tr
en

dc
Pe

r
1
po

in
t
in
cr
em

en
t

Fo
llo

w
-u
p
at

12
ye
ar
s

A
ll-
ca
us
e,

n
(%

)
21

4
(3
5.
8)

21
9
(3
6.
7)

16
4
(2
7.
5)

de
at
hs
,n

78
96

77
pe

rs
on

-y
ea
rs

22
06

.7
20

93
.8

15
13

.5
H
R
(9
5%

C
I)

A
ge

an
d
se
x
ad

ju
st
ed

1.
00

1.
21

(0
.9
0�

1.
64

)
1.
24

(0
.9
0�

1.
72

)
M
ul
ti
va

ri
ab

le
a

1.
00

1.
31

(0
.9
5�

1.
79

)
1.
53

(1
.0
7�

2.
19

)
0.
05

6
0.
01

8
1.
02

(0
.9
9�

1.
06

)

C
V
D
,n

(%
)

16
3
(3
6.
5)

15
9
(3
5.
7)

12
4
(2
7.
8)

de
at
hs
,n

27
36

37
pe

rs
on

-y
ea
rs

18
42

.1
16

86
.3

12
81

.9
H
R
(9
5%

C
I)

A
ge

an
d
se
x
ad

ju
st
ed

1.
00

1.
21

(0
.7
3�

2.
01

)
1.
52

(0
.8
9�

2.
59

)
M
ul
ti
va

ri
ab

le
a

1.
00

1.
46

(0
.8
6�

2.
47

)
2.
10

(1
.1
9�

3.
70

)
0.
03

6
0.
01

0
1.
04

(0
.9
9�

1.
10

)

C
an

ce
r,
n
(%

)
15

4
(3
8.
1)

14
4
(3
5.
7)

10
6
(2
6.
2)

de
at
hs
,n

18
21

19
pe

rs
on

-y
ea
rs

17
44

.0
16

11
.3

11
44

.3
H
R
(9
5%

C
I)

A
ge

an
d
se
x
ad

ju
st
ed

1.
00

1.
16

(0
.6
2�

2.
18

)
1.
28

(0
.6
5�

2.
50

)
M
ul
ti
va

ri
ab

le
a

1.
00

1.
25

(0
.6
3�

2.
48

)
1.
59

(0
.7
7�

3.
31

)
0.
45

8
0.
21

2
1.
02

(0
.9
5�

1.
09

)

A
bb

re
vi
at
io
ns
:u

PV
G
:u

nh
ea
lt
hf
ul

pr
o-
ve

ge
ta
ri
an

di
et
ar
y
pa

tt
er
n;

H
R
:h

az
ar
d
ra
ti
os
;C

I:
co

nf
id
en

ce
in
te
rv
al
;C

V
D
:c

ar
di
ov

as
cu

la
r
di
se
as
e.

Bo
ld

va
lu
es

ar
e
p-
va

lu
e
<
0.
05

.
a
C
ox

re
gr
es
si
on

m
od

el
ad

ju
st
ed

fo
ra

ge
(i
n
ye

ar
s)
,s
ex

(m
al
e;
fe
m
al
e)
,e
du

ca
ti
on

al
le
ve

l(
<
Pr
im

ar
y
or

<
7
ye

ar
s;
Pr
im

ar
y
or

7–
10

ye
ar
s;
>
Pr
im

ar
y
or

>
10

ye
ar
s)
,w

ai
st
ci
rc
um

fe
re
nc

e
(n
or
m
al
;m

od
er
at
e;
la
rg
e)
,s
le
ep

in
g
ti
m
e

(h
ou

rs
/d

ay
),
sm

ok
in
g
ha

bi
t
(c
ur
re
nt
;p

as
t;
ne

ve
r)
,a

lc
oh

ol
co

ns
um

pt
io
n
(g
ra
m
s/
da

y)
,s
el
f-
re
po

rt
ed

di
ab

et
es

(n
o/

ye
s)
,h

ig
h
ch

ol
es
te
ro
l(
no

/y
es
),
hy

pe
rt
en

si
on

(n
o/

ye
s)

an
d
TV

-w
at
ch

in
g
(h
ou

rs
/d

ay
).

b
p-
va

lu
e
fr
om

LR
te
st
.

c
p-
va

lu
e
fr
om

tr
en

d-
te
st
.

A. Oncina-Cánovas et al. The Journal of nutrition, health and aging 28 (2024) 100239

7



diabetes risk [60], potentially increasing CVD risk. Secondly, these
products often lack dietary fibre and contain additives that may disrupt
the composition and diversity of the gutmicrobiota [61]. Dysbiosis of the
gut microbiota has been linked to various cardiovascular risk factors,
including inflammation, obesity, and insulin resistance [62,63], thereby
increasing the risk of cardiovascularmortality. Thirdly, somecomponents
of ultra-processed foods, such as refined sugars and unhealthy fats, can
induce endothelial dysfunction, impairing vasodilation and promoting
atherosclerosis, which are key contributors to cardiovascular mortality
[64,65]. Finally, ultra-processed foods have not only been related with a
higher susceptibility to various health conditions but also elevate the risk
of all-cause mortality [66–69].

Wedid not observe a significant association between adherence to any
of the PVG dietary patterns and cancer mortality in our study. Some
studies have shown that gPVG and hPVG adherence were related to a
lower risk of digestive cancers [13,70] and lower cancer mortality
[31,33], while higher adherence to uPVG was associated with a higher
risk of cancer mortality [15,31,33]. The low number of cancer deaths
(n=58) observed in our study may have reduced the statistical power to
identify significant associations.

Our study may have several limitations. The information about diet
was self-reported, which could introduce some misclassification error.
However, dietary assessment was performed by trained interviewers
using a validated FFQ [19]. In addition, data collection was limited to a
single dietary measurement at baseline, and we were unable to track
changes in adherence to the three PVG patterns throughout the follow-up
period.However, earlier research has indicated that dietary habits tend to
remain consistent over time [71,72]. Therefore, evaluating diet at
baseline in cohort studies involving adult populations may still serve as a
valid approach for investigating long-term effects on the risk of non-
communicable diseases or mortality. Although our study has limited
sample size, particularly, to explore associations with specific causes of
death, the 12-years follow-up period allowed us to accumulate a
satisfactory number of deaths to detect significant associations between
two PVG dietary patterns and all-cause and CVD mortality. Although we
adjusted for known mortality risk factors, important lifestyles, and
characteristics, other potential confounding variables could have
influenced our results. Finally, we considered several foods with
heterogeneous characteristics (eg, some sweets or desserts) as plant-
based foods because their main ingredients are plants, although theymay
contain animal fats; this could cause somemisclassification, although any
inaccuracy should be non-differential.

The current study has also some strengths. We used standardized and
validated questionnaires to gathering information on food intake,
socioeconomic characteristics, and lifestyles from a well-defined and
representative Spanish Mediterranean population aged 65 years and
older. In addition, the 12-year follow-up period enabled us to identify
long-term significant associations. The use of two derivations of the PVG
pattern such as hPVG and uPVG allowed us to assess their impact on all-
causemortality, aswell as onCVD and cancermortality according to their
healthfulness. Finally, some associations showed a dose-response
relationship, providing additional robustness and support for our main
results.

5. Conclusion

This study, carried out with an elderly Mediterranean population,
suggests that PVG dietary patterns may influence the risk of all-cause and
CVD mortality. Be adhered to a hPVG pattern that prioritizes the
consumption of fruits, vegetables, nuts andother healthy fats such as olive
oil, whole grains, and legumesmay be recommended, as itmay reduce the
risk of all-cause and CVD mortality. Whereas, adhering to an uPVG that
includes highly processed plant-based foods, such as fried potatoes or
sugar-sweetened drinks, may increase the risk of both all-cause and CVD
mortality. Further prospective studies with larger sample sizes and long
follow-up periods are necessary to confirm these findings.
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