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challenge to global health [1]. Dietary factors play a crucial 
role in the development and progression of non-communica-
ble diseases [2]. Fortunately, unhealthy dietary patterns are 
a major modifiable risk determinant that can be addressed 
through public health interventions. In response to this 
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Abstract
Background  The updated Nutri-Score nutrient profiling model (uNS-NPM), revised in 2023, aims to better align with dietary 
guidelines and improve health outcomes prediction. However, evidence assessing its validity and applicability remains lim-
ited, particularly in Spanish populations.
Objective  To investigate the prospective association between diet quality, assessed using the uNS-NPM dietary index (DI), 
and the risk of all-cause and cause-specific mortality in older adults at high cardiovascular risk.
Methods  A prospective analysis within the PREDIMED cohort, with 7,212 participants aged 55–80 years at high cardio-
vascular risk was conducted. Diet was assessed by validated food frequency questionnaires, and the uNS-NPM DI was 
computed to quantify overall dietary quality. Time-dependent Cox regression models were used to estimate hazard ratios 
(HRs) and 95% confidence intervals (CIs) for all-cause, cardiovascular, cancer, and other-cause mortality across quintiles of 
the average cumulative uNS-NPM DI, adjusting for relevant confounders.
Results  Over a median follow-up of 6 years, 425 deaths occurred (103 cardiovascular, 169 cancers, 153 other causes). Par-
ticipants in the highest quintile of the uNS-NPM DI (reflecting poorer diet quality) had a higher risk of all-cause mortality 
(HR: 1.64; 95% CI: 1.19–2.28; p-trend = 0.007) and a higher risk of cardiovascular mortality (HR: 3.21; 95% CI: 1.29–7.95; 
p-trend = 0.002) compared to those participants in the lowest quintile. Participants in the highest quintile of uNS-NPM DI 
had also an increased risk of death from other causes (HR: 1.84; 95% CI: 1.11–3.07), although the trend was not statistically 
significant p-trend = 169). For cancer mortality, no significant association was observed (HR for highest vs. lowest quintile: 
1.16; 95% CI: 0.69–1.92 p-trend = 0.695).
Conclusions  In this Mediterranean cohort of older adults at high cardiovascular risk, lower dietary quality, assessed with the 
uNS-NPM DI, was prospectively associated with higher risks of all-cause, cardiovascular, and other-cause mortality. These 
findings support the uNS-NPM DI as a valuable tool for diet quality assessment.
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need, many European countries have developed official 
dietary guidelines aimed at preventing diet-related chronic 
diseases. However, additional intervention at the point of 
purchase is necessary to support healthier food choices. 
Front-of-pack (FOP) labeling systems have been proposed 
as part of a broader strategy to promote healthier eating hab-
its [3]. Emerging evidence suggests that FOP labeling can 
play a significant role in improving consumer understanding 
of nutritional quality. It also has the potential to encourage 
the selection and purchase of healthier foods, while urging 
food industries to reformulate their products [4]. This dual 
impact on both consumer behavior and industry practices 
has the potential to significantly reduce the prevalence of 
chronic diseases [4].

One of the most prominent FOP labels is the Nutri-Score 
label, which ranks the overall nutritional quality of food 
using five color-coded letters (from A, dark green, to E, dark 
orange) [5]. The Nutri-Score is based on a nutrient profiling 
system (NPS) initially developed by the UK Food Standards 
Agency (FSA-NPS) and later modified for applicability pur-
poses in different countries (FSAm-NPS) [6]. In 2023, the 
Nutri-Score algorithm was revised, following recommenda-
tions from the Nutri-Score international scientific commit-
tee, to better align with current dietary guidelines and an 
updated Nutri-Score Nutrient Profiling Model Dietary Index 
(uNS-NPM DI) was created [7].

Nutri-Score is one of the most extensively studied FOP 
labels in Europe. However, current EU regulations on con-
sumer information make the use of such labels, voluntary 
with implementation left to the discretion of food manu-
facturers (WHO, 2019). The EU’s Farm-to-Fork strategy, 
however, outlines a plan to revise this regulation, aiming 
to establish a standardized and mandatory FOP label across 
different countries.

The World Health Organization emphasizes that a crucial 
step in validating a FOP label is to confirm the effectiveness 
of its nutrient profiling system by associating diet quality 
to health outcomes [3]. Previous studies have shown that 
diets with a higher FSAm-NPS dietary index (indicative of 
lower nutritional quality) are associated with higher risk of 
unhealthy outcomes such as metabolic syndrome, weight 
gain and increased cardiovascular diseases (CVD) and 
mortality [8–11]. In addition, studies have shown associa-
tions between lower FSAm-NPS scores and reduced mor-
tality risk [11–14]. However, studies were mostly limited 
to French populations, using the old version of Nutri-Score 
and with relatively few events. These limitations highlight 
the need for further studies across diverse populations.

A recent large prospective study among 345,533 par-
ticipants from the European Prospective Investigation into 
Cancer and Nutrition study (EPIC, 1992–2010, 7 European 
countries), individuals who consumed diets with lower 

nutritional quality, as indicated by the uNS-NPM score, 
were found to have a higher risk of CVD overall and across 
several subtypes [15], however the association between the 
uNS-NPS and mortality remains unexplored.

Given the recent adoption of the uNS-NPM in 2023, this 
study aims to examine the association between diet quality, 
assessed with the updated 2023 NS-NPM DI, and all-cause 
mortality and cause-specific mortality including CVD mor-
tality, cancer mortality and death from other causes in an 
elderly population within the PREDIMED study cohort.

Methodology

Participants and design

For the present analysis, we used an observational approach 
in the PREDIMED trial (ISRCTN35739639), treating par-
ticipants as a cohort, to assess associations between dietary 
nutritional quality and mortality. The trial’s methodology 
has been previously detailed [16, 17]. Briefly, between 2003 
and 2009, a total of 7,447 participants men aged 55–80 and 
women aged 60–80 were enrolled. Although they had no 
CVD at baseline, all participants were considered at high 
risk. Eligibility required either a diagnosis of type 2 diabe-
tes or the presence of at least three CVD risk factors, such 
as high cholesterol, low HDL cholesterol, overweight or 
obesity, hypertension, smoking, or a family history of early-
onset coronary heart disease. Individuals were excluded if 
they had alcohol or drug dependency, a serious chronic ill-
ness, a body mass index (BMI) ≥ 40 kg/m², or allergies/
intolerances to olive oil or nuts. Participants were ran-
domly assigned to one of three groups: a Mediterranean 
diet (MedDiet) supplemented with extra-virgin olive oil, a 
MedDiet supplemented with mixed nuts, or a control group 
that received guidance to reduce animal and vegetable fat 
intake [17]. This analysis includes an extended observa-
tional follow-up of mortality through June 30, 2012. The 
PREDIMED study received approval from the institutional 
review boards of participating centers, and all participants 
gave written informed consent.

Dietary intake assessement and uNS-NPM DI 
computation

Dietary intake was evaluated at baseline and yearly using 
a validated food frequency questionnaire (FFQ) [18], con-
ducted by trained dietitians. Participants reported their 
habitual intake over the preceding year, specifying the fre-
quency and portion size of 137 food and beverage items. 
Consumption frequency was recorded using a nine-level 
scale, ranging from “never or almost never” to “more than 
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six times per day,” with standardized portion sizes (e.g., 
slices, glasses, teaspoons) provided to ensure consistency in 
reporting. Nutrient intake was estimated by multiplying the 
reported daily frequency of consumption for each item by 
its corresponding nutrient content, as defined in the Span-
ish food composition database [19]. Total energy intake was 
also estimated from the quantity and frequency of food and 
beverage consumption.

Each food and beverage item in the PREDIMED food 
composition database [19] based on generic food catego-
ries rather than branded products, was assigned a uNS-NPM 
score. The database does not include commercial branded 
items; therefore, nutrient profiling was performed using 
generic nutrient compositions. The method used to calcu-
late this score is described in the Supplementary Material 
and detailed in previous publications [7]. In summary, the 
score is based on the nutritional content per 100 g of food or 
per 100 milliliters of beverages. Points are given according 
to components that should be limited: sugars, saturated fats, 
salt, and energy and according to beneficial components: 
dietary fiber, protein, and percentage of fruits, vegetables, 
and pulses. The final uNS-NPM score is calculated by sub-
tracting the total points that should be limited from the total 
beneficial points. This score ranges from − 17 to + 55, with 
higher scores indicating lower nutritional quality.

To evaluate an individual’s diet quality using these food-
level scores, a dietary index (uNS-NPM DI) was calculated 
[7]. This individual-level score was calculated by summing 
the uNS-NPM scores of all consumed foods and drinks, 
weighted by their energy contribution (calculated using the 
energy content per 100 g and estimated daily intake), and 
then dividing by the person’s total daily energy intake fol-
lowing this equation:

Dietary Index =
∑n

i=1 NSiEi∑n
i=1Ei  

� (1)

Where “i” signifies a food or beverage consumed by the par-
ticipant, “NSi” thefood (or beverage) score, “Ei”, the mean 
daily energy intake from this food (orbeverage) and “n” the 
number of different foods.

Therefore, higher uNS-NPM DI scores reflects lower 
nutritional quality of the individual’s overall diet.

To minimize the random measurement error caused by 
within-person variation and to better represent the long-
term nutritional quality, we used the cumulative average 
from baseline to the last FFQ before death using all avail-
able FFQ data until their participation in the PREDIMED 
trial ended. All nutrient and food intakes were adjusted for 
total energy intake using the residual method [20].

Mortality and cause of death ascertainment

The endpoints assessed in this study included: (1) all-cause 
mortality, (2) CVD mortality, (3) cancer-related mortality, 
and (4) mortality due to other causes, as determined within 
the PREDIMED trial [17]. Mortality data were systemati-
cally updated on an annual basis by an endpoint adjudication 
committee that was blinded to participants’ dietary intake 
and intervention group allocation. Mortality ascertainment 
was based on multiple sources: annual participant question-
naires and clinical assessments, direct communication with 
primary care physicians, annual reviews of medical records, 
and data linkage with the Spanish National Death Index. For 
this analysis, only deaths occurring between June 25, 2003, 
and June 30, 2012, were considered.

Covariate ascertainment

At the time of enrollment, information was collected on 
sociodemographic, lifestyle habits, body measurements, 
medical history, and medication use. Participants self-
reported the family history of CVD or cancer, or if they 
had been previously diagnosed with type 2 diabetes, hyper-
cholesterolemia, or hypertension. Medication use was 
confirmed to determine whether participants were receiv-
ing treatment for these conditions. Physical activity was 
assessed using a validated Spanish version of the Minnesota 
Leisure Time Physical Activity Questionnaire [21]. Adher-
ence to the MedDiet was measured annually using a vali-
dated 14-item questionnaire [22]. Height and weight were 
measured by trained staff and the BMI was then calculated 
as weight divided by height squared (kg/m2).

Statistical analysis

Descriptive statistics were used to summarize baseline char-
acteristics of the study population overall and across quin-
tiles of uNS-NPM DI. Continuous variables were expressed 
as means and SD and compared across quintiles using one-
way ANOVA. Categorical variables were presented as fre-
quencies and percentages, and differences across quintiles 
were assessed using the chi-square test.

Time-dependent Cox regression models were used to 
assess the associations between the uNS-NPM DI in quin-
tile and in continuous with 1 standard deviation (SD) incre-
ment, and mortality outcomes including all-cause mortality, 
CVD mortality, cancer mortality, and mortality due to other 
causes. Time-to-event was calculated from baseline to the 
date of death or date of the last vital information obtained. 
Hazard ratios (HRs) and 95% confidence intervals (CIs) 
were estimated across quintiles of the uNS-NPM DI, using 
the lowest quintile (Q1) as the reference group. Two models 
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Results

Baseline characteristics and dietary intake of the study 
population are shown in Table 1. The study cohort included 
7,212 individuals with a mean age of 67.0 years (6.2), of 
whom 42.5% were male and 57.5% female. We excluded 
participants with missing dietary data (n = 78), who reported 
implausible energy intakes < 500 or > = 3500 kcal/d for 
women and < 800 or > = 4000 kcal/d for men [20]) at base-
line (n = 153) or without any follow-up (n = 4). The mean 
uNS-NPM DI scores ranged from 1.4 in Q1 (healthiest diet) 
to 5.9 in Q5 (least healthy diet). Participants in the lowest 
quintile (Q1) had lower educational attainment, with 82.0% 
reporting primary-level education, compared to 74.1% in 
Q5. Compared to participants in the lowest quintile, those in 
the highest quintile presented higher prevalence of current 
smokers. In addition, participants with higher uNS-NPM 
DI (i.e., less favorable diets) were more likely to consume 
lower amounts of vegetables, fruits, legumes, nuts, fish, 
dairy products, and extra virgin olive oil. Conversely, par-
ticipants with higher uNS-NPM DI scores, were more likely 
to consume ultra-processed foods, and red meat. Moreover, 
individuals in Q5 (meaning lower nutritional quality) were 
more likely to present higher total energy and carbohydrate 
intake, and a lower intake of protein and fiber.

Associations between uNS-NPM DI across quintiles and 
cause-specific and all-cause mortality are shown in Table 2. 
During a median follow-up of 6 years (totaling 42,464 per-
son-years), 425 deaths occurred, including 103 from CVD, 
169 from cancer, and 153 from other causes.

In fully-adjusted Cox regression models, compared to 
participants in the lowest quintile, those participants in the 
highest uNS-NPM DI quintiles had a higher risk of all-cause 
mortality (HR: 1.64; 95% CI: 1.19–2.28; p-trend = 0.007). 
Participants in the highest uNS-NPM DI quintile showed 
a higher risk of CVD mortality compared to participants 
in the lowest quintile (HR: 3.21; 95% CI: 1.29–7.95; 
p-trend = 0.002). In addition, individuals in the highest quin-
tile of the uNS-NPM DI (Q5) had an increased risk of death 
from other causes compared to those in the lowest quintile 
(HR: 1.84; 95% CI: 1.11–3.07). No significant associations 
were observed for cancer mortality in the fully-adjusted 
model.

Associations between uNS-NPM DI (continuous, with 
1 SD increment) and mortality risk are shown in Fig. 1. 1 
SD increment in the uNS-NPM DI score was associated 
with a relatively higher rate of all-cause mortality (HR: 
1.14; 95% CI: 1.03 to 1.27; p-value = 0.010) and relatively 
higher rate of CVD mortality (HR: 1.38; 95% CI: 1.14 to 
1.69; p-value = 0.001). No significant associations were 
observed for cancer mortality nor for other causes of mortal-
ity. Interactions between the NS-NPS DI (1-SD increment) 

were employed: Minimally-adjusted model: adjusted for 
age (continuous, in years) and sex (male/female) and fully-
adjusted model: further adjusted for total energy intake 
(kcal/day, continuous), intervention group (olive oil, nuts, 
low-fat diet), education level (primary, secondary, uni-
versity), smoking status (never, former, current), physical 
activity (MET-minutes/day, continuous), body mass index 
(underweight/normal weight or overweight/obesity), alco-
hol consumption (g/day, continuous), family history of can-
cer (yes/no), prevalence of diabetes (yes/no), hypertension 
(yes/no) and hypercholesterolemia (yes/no).

Linear trend tests across quintiles were conducted by 
modeling the median value of each quintile as a continuous 
variable.

Tests for interactions between the uNS-NPM DI and mor-
tality outcomes were performed using the likelihood ratio 
tests and multivariable Cox proportional hazards regression 
models were then conducted to assess the stratification and 
subgroup analyses of the following variables: sex (male, 
female), education level (primary, secondary, university) 
BMI (</≥ 25 kg/m2), age (</≥67; median value), adherence 
to MedDiet (</≥7; median value) and ultra-processed food 
consumption (cumulative average, energy-adjusted in g/
day; median value); results of the interaction tests and cor-
responding subgroup analyses are shown in Supplementary 
Material File S2. Robust variance estimators were used to 
account for intra-cluster correlations. Additionally, we per-
formed a sensitivity analysis by excluding participants who 
experienced a mortality event within the first one or two-
year of follow-up, consistent with previous studies [23]. 
This approach aimed to reduce the possibility of reverse 
causality bias, since individuals with a higher baseline risk 
of cardiovascular disease might have reported healthier 
dietary habits due to recent behavior changes triggered by 
a diagnosis before the baseline assessment (Supplementary 
Material File S3-4). To account for competing events, we 
conducted competing-risks analyses using Fine–Gray mod-
els, with results shown in the Supplementary Material File 
S5. Moreover, as a sensitivity analysis, we conducted addi-
tional models evaluating the association between uNS-NPM 
DI at baseline (with 1 SD increment) and cause-specific and 
all-cause mortality; results are shown in the Supplementary 
Material File S6.

All statistical tests were performed using Stata (version 
18, StataCorp, USA) and 2-tailed P-value < 0.05 was con-
sidered statistically significant.
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Quintiles of uNS-NPM DI
Total
(n = 7,212)

1
(n = 1,443)

2
(n = 1,442)

3
(n = 1,443)

4
(n = 1,442)

5
(n = 1,442)

uNS-NPM DI (cumulative) 3.6 (1.6) 1.4 (0.7) 2.7 (0.2) 3.5 (0.2) 4.4 (0.3) 5.9 (0.9)
Sex
  Male 3,068 (42.5%) 482 (33.4%) 544 (37.7%) 601 (41.6%) 674 (46.7%) 767 (53.2%)
  Female 4,144 (57.5%) 961 (66.6%) 898 (62.3%) 842 (58.4%) 768 (53.3%) 675 (46.8%)
Age (years) 67.0 (6.2) 67.3 (5.9) 67.5 (6.0) 67.2 (6.2) 66.8 (6.4) 66.3 (6.4)
Intervention group
  Olive oil 2,474 (34.3%) 495 (34.3%) 543 (37.7%) 503 (34.9%) 507 (35.2%) 426 (29.5%)
  Nuts 2,359 (32.7%) 568 (39.4%) 489 (33.9%) 486 (33.7%) 425 (29.5%) 391 (27.1%)
  Low fat diet 2,379 (33.0%) 380 (26.3%) 410 (28.4%) 454 (31.5%) 510 (35.4%) 625 (43.3%)
Education level
  Primary 5,603 (77.7%) 1,183 (82.0%) 1,153 (80.0%) 1,134 (78.6%) 1,064 (73.8%) 1,069 (74.1%)
  Secondary 1,095 (15.2%) 179 (12.4%) 183 (12.7%) 207 (14.3%) 268 (18.6%) 258 (17.9%)
  University 514 (7.1%) 81 (5.6%) 106 (7.4%) 102 (7.1%) 110 (7.6%) 115 (8.0%)
Smoking status
  Never 4,436 (61.5%) 1,013 (70.2%) 962 (66.7%) 905 (62.7%) 840 (58.3%) 716 (49.7%)
  Former 1,004 (13.9%) 120 (8.3%) 152 (10.5%) 188 (13.0%) 225 (15.6%) 319 (22.1%)
  Current 1,772 (24.6%) 310 (21.5%) 328 (22.7%) 350 (24.3%) 377 (26.1%) 407 (28.2%)
  Physical activity METs min/day 234.0 (247.1) 253.1 (247.1) 234.5 (227.3) 234.4 (239.6) 227.8 (264.8) 219.9 (254.4)
  BMI (kg/m2) 30.0 (3.9) 29.7 (3.9) 29.8 (3.8) 30.1 (3.8) 30.2 (3.9) 30.0 (3.9)
Family history of CVD
  No 5,433 (75.3%) 1,090 (75.5%) 1,082 (75.0%) 1,078 (74.7%) 1,094 (75.9%) 1,089 (75.5%)
  Yes 1,779 (24.7%) 353 (24.5%) 360 (25.0%) 365 (25.3%) 348 (24.1%) 353 (24.5%)
Family history of cancer
  No 3,201 (44.4%) 626 (43.4%) 640 (44.4%) 641 (44.4%) 654 (45.4%) 640 (44.4%)
  Yes 4,011 (55.6%) 817 (56.6%) 802 (55.6%) 802 (55.6%) 788 (54.6%) 802 (55.6%)
Diabetes prevalence
  No 3,686 (51.1%) 651 (45.1%) 675 (46.8%) 741 (51.4%) 777 (53.9%) 842 (58.4%)
  Yes 3,526 (48.9%) 792 (54.9%) 767 (53.2%) 702 (48.6%) 665 (46.1%) 600 (41.6%)
Hypertension prevalence
  No 1,245 (17.3%) 272 (18.8%) 243 (16.9%) 226 (15.7%) 257 (17.8%) 247 (17.1%)
  Yes 5,967 (82.7%) 1,171 (81.2%) 1,199 (83.1%) 1,217 (84.3%) 1,185 (82.2%) 1,195 (82.9%)
Hypercholesterolemia prevalence
  No 2,003 (27.8%) 363 (25.2%) 392 (27.2%) 401 (27.8%) 429 (29.8%) 418 (29.0%)
  Yes 5,209 (72.2%) 1,080 (74.8%) 1,050 (72.8%) 1,042 (72.2%) 1,013 (70.2%) 1,024 (71.0%)
  Adherence to Mediterranean diet 
(MEDAS score: 0–14 points)

5.8 (4.4) 5.9 (4.7) 6.1 (4.5) 5.7 (4.5) 5.9 (4.2) 5.2 (4.0)

Dietary intake
  Vegetables (g/day) 334.0 (144.5) 389.4 (163.7) 348.0 (142.5) 333.6 (133.5) 315.8 (132.2) 283.5 (126.0)
  Fruits (g/day) 368.3 (195.7) 444.1 (211.6) 398.6 (190.8) 370.0 (191.4) 338.6 (177.2) 290.3 (169.5)
  Cereals (g/day) 225.2 (82.6) 229.6 (73.4) 231.2 (77.8) 228.8 (81.3) 224.1 (86.2) 212.3 (91.7)
  Legumes (g/day) 20.6 (13.3) 24.0 (16.5) 21.6 (13.6) 20.9 (13.4) 19.1 (10.7) 17.3 (10.2)
  Extra virgin olive oil (g/day) 39.1 (16.7) 42.7 (15.6) 41.3 (16.7) 40.2 (16.6) 38.8 (16.6) 32.3 (16.2)
  Nuts (g/day) 10.1 (13.1) 15.2 (16.2) 11.8 (12.7) 10.0 (11.7) 8.1 (11.8) 5.4 (10.4)
  Dairy products (g/day) 380.3 (215.9) 414.4 (214.3) 403.2 (222.6) 380.8 (211.0) 358.9 (214.0) 344.1 (209.7)
  Fish and seafood (g/day) 99.2 (48.9) 111.2 (47.1) 104.5 (56.8) 98.5 (42.8) 96.7 (46.0) 85.3 (46.8)
  Red meat(g/day) 50.3 (35.2) 47.4 (31.3) 49.6 (32.3) 50.7 (34.2) 51.4 (34.8) 52.5 (42.3)
  Processed meat (g/day) 26.0 (18.4) 21.8 (13.9) 24.4 (15.8) 25.5 (16.1) 27.0 (17.1) 31.5 (25.3)
  White meat (g/day) 54.6 (32.0) 61.9 (32.0) 57.9 (31.6) 53.7 (31.8) 51.8 (31.1) 47.8 (31.9)
  Ultra-processed food (g/day) 296.6 (156.2) 225.3 (107.4) 261.4 (118.7) 293.5 (136.9) 315.2 (155.5) 387.9 (196.3)
  Total energy intake (kcal/day) 2236.0 (544.0) 1939.3 (444.5) 2116.4 (480.3) 2225.1 (494.7) 2362.9 (523.9) 2536.4 (569.3)
  Total fat intake (g/day) 97.2 (17.1) 96.4 (16.1) 97.0 (16.3) 97.1 (16.8) 98.5 (17.2) 97.0 (18.7)
  Total protein intake (g/day) 91.3 (14.0) 95.7 (13.0) 93.6 (13.9) 91.2 (13.3) 89.4 (13.6) 86.6 (14.2)
  Total carbohydrate intake (g/day) 234.4 (40.8) 232.4 (37.0) 232.7 (37.6) 234.7 (40.2) 233.3 (42.0) 239.0 (46.3)

Table 1  Baseline characteristic of the study population overall and across quintiles of uNS-NPM DI (n = 7,212)
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mortality risk remained robust. Similarly, no significant 
associations were observed for cancer mortality, while a 
positive association with mortality from other causes was 
shown after excluding early deaths within 2-year.

Discussion

In this large prospective Mediterranean cohort, a higher 
uNS-NPM DI, indicating poorer diet quality, was associ-
ated with increased risks of all-cause, cardiovascular, and 

and other covariates in associations with mortality risk, and 
corresponding subgroup analyses are shown in Supplemen-
tary Material File S2. No interaction was observed with 
sex, education level, BMI and age, adherence to MedDiet 
and ultra-processed food consumption. When we excluded 
deaths during the first 1-year and, separately, during the first 
two years effect, estimates for all-cause and cardiovascular 
mortality remained consistent with the main analyses.

(Supplementary Material File S2), the associations 
between higher uNS-NPM DI (reflecting lower nutri-
tional quality) and increased all-cause and cardiovascular 

Table 2  Association between NS-NPM DI and cause-specific and all-cause mortality; multivariable Cox proportional hazards regression models 
(n = 7,212)

uNS-NPM DI in quintiles
Hazard ratios (95% CI)
Q1
n = 1,443

Q2
n = 1,442

Q3
n = 1,443

Q4
n = 1,442

Q5
n = 1,442

P-trend

All-cause mortality
425 cases/42,464 py

65 cases 77 cases 95 cases 84 cases 104 cases

Mortality rate (per 1000)* 7.37 9.07 11.19 10.06 12.49
Minimally-adjusted 1 (ref.) 1.17 (0.85 to 1.63) 1.43 (1.04 to 1.96) 1.20 (0.87 to 1.66) 1.51 (1.11 to 2.05) 0.022
Fully-adjusted 1 (ref.) 1.19 (0.86 to 1.66) 1.51 (1.10 to 2.07) 1.28 (0.91 to 1.79) 1.64 (1.19 to 2.28) 0.007
CVD mortality
103 cases/42,464 py

7 cases 8 cases 30 cases 29 cases 29 cases

Mortality rate (per 1000)* 0.79 0.94 3.53 3.47 3.48
Minimally-adjusted 1 (ref.) 1.08 (0.39 to 2.98) 3.93 (1.71 to 9.05) 3.56 (1.53 to 8.26) 3.69 (1.59 to 8.55) 0.002
Fully-adjusted 1 (ref.) 1.00 (0.37 to 2.72) 3.85 (1.67 to 8.88) 3.28 (1.38 to 7.80) 3.21 (1.29 to 7.95) 0.002
Cancer mortality
169 cases/42,464 py

32 cases 38 cases 33 cases 29 cases 37 cases

Mortality rate (per 1000)* 3.63 4.48 3.88 3.47 4.44
Minimally-adjusted 1 (ref.) 1.17 (0.73 to 1.86) 0.99 (0.61 to 1.61) 0.84 (0.51 to 1.39) 1.06 (0.66 to 1.71) 0.861
Fully-adjusted 1 (ref.) 1.19 (0.75 to 1.89) 1.03 (0.63 to 1.69) 0.91 (0.54 to 1.52) 1.16 (0.69 to 1.92) 0.695
Other causes of mortality
153 cases/42,464 py

26 cases 31 cases 32 cases 26 cases 38 cases

Mortality rate (per 1000)* 2.95 3.65 3.77 3.11 4.56
Minimally-adjusted 1 (ref.) 1.23 (0.73 to 2.07) 1.24 (0.73 to 2.08) 0.97 (0.56 to 1.67) 1.42 (0.86 to 2.33) 0.418
Fully-adjusted 1 (ref.) 1.36 (0.79 to 2.30) 1.41 (0.84 to 2.38) 1.14 (0.64 to 2.05) 1.84 (1.11 to 3.07) 0.169
Multivariable Cox proportional hazards regression minimally adjusted model: adjusted for age (years, continuous) and sex (male, female). 
Fully-adjusted model: further adjusted for total energy intake (Kcal, continuous), intervention group (Olive oil, nuts, low fat diet), education 
level (primary, secondary, university), smoking status (never, former, current), physical activity (METS min/day, continuous), BMI (normal 
weight and overweight/obesity), alcohol consumption (g/day, continuous) family history of cancer (yes/no), diabetes (yes/no), hypertension 
(yes/no) and hypercholesterolemia (yes/no)
Abbreviations: uNS-NPM DI: updated Nutri-Score Nutrient Profiling Model Dietary Index; CVD: cardiovascular disease; HR: Hazard Ratios; 
CI: Confidence interval; SD: Standard Deviation
* failures/person-time (per 1000)

Quintiles of uNS-NPM DI
Total
(n = 7,212)

1
(n = 1,443)

2
(n = 1,442)

3
(n = 1,443)

4
(n = 1,442)

5
(n = 1,442)

  Fiber (g/day) 25.2 (7.5) 28.7 (7.4) 26.2 (7.2) 25.4 (7.2) 24.0 (7.2) 22.0 (6.9)
  Alcohol (g/day) 8.3 (13.3) 8.0 (10.1) 8.3 (11.6) 8.3 (13.7) 8.4 (14.0) 8.6 (16.2)
uNS-NPM DI: updated Nutri-Score – Nutrient Profiling Model; BMI: body mass index
Data are expressed as Mean (SD) for continuous variable or frequency (%) for categoricalvariable using one-way ANOVA or chi-square respec-
tively.

Table 1  (continued) 
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population. Cancer risk or mortality was also evaluated in 
previous studies: in four of these studies [11, 12, 25, 26] a 
higher NS-NPM DI was associated with increased cancer 
incidence or mortality, ranging from a 7% to 144% increase, 
respectively. Notably, in a French prospective cohort study 
[27] with 46,864 women aged ≥ 35 years a 52% higher risk 
of breast cancer was found among those with the highest 
dietary score. However, some studies similar to ours, sug-
gested only modest [26], or non-significant associations, 
albeit in the positive direction [25].

Additionally, the relatively low intake of red and pro-
cessed meat and the high baseline consumption of fruits 
and vegetables across the cohort (characteristic of Mediter-
ranean populations) may have resulted in a protective ‘floor 
effect,’ potentially attenuating the association with cancer 
mortality compared with cohorts from Northern Europe or 
North America.

The uNS-NPM DI reflects the quality of diet in terms of 
consumption of fruit and vegetables, and total energy, satu-
rated fat, sugars, salt, fiber, and protein intake [5, 28]. In our 
study, those participants in the highest uNS-NPM DI quin-
tile also consumed higher amounts of ultra-processed, and 
red meat and lower of healthy foods such as fruits, vegeta-
bles, and nuts, that have also been related to a reduced risk 
of cardiovascular/metabolic risk factors, chronic diseases 
and mortality [29–31]. Previous studies have also shown 
that uNS-NPM DI could discriminate adequately between 
healthy and unhealthy foods and has been validated for its 

other-cause mortality. These associations remained statisti-
cally significant even after adjusting for a range of potential 
confounders.

Our results in relation to all-cause mortality align with 
previous studies linking nutrient profiling systems to all-
cause mortality. For instance, in Spain, a higher baseline 
FSAm-NPS DI score was directly associated with all-cause 
mortality in the SUN study including 20,503 university 
graduates’ participants [12]. In the EPIC study including 
501,594 adults with a median follow-up of 17.2 years, those 
participants with a higher FSAm-NPS DI score (highest 
versus lowest quintile) also showed an increased risk of all-
cause mortality [11].

Our result when examining CVD mortality as the pri-
mary outcome are aligned with earlier research in the EPIC 
cohort, which identified a modest association between 
higher FSAm-NPS DI scores and increased mortality from 
circulatory diseases (13,246 events) [11]. In Italy and Spain, 
similar associations were reported in older population, 
between FSAm-NPS DI scores and cardiovascular mor-
talityin the Moli-sani study (792 events) [24] and ENRICA 
(140 events) cohort studies [14], respectively. However, this 
relationship was not evident in the Spanish SUN cohort (83 
events) [12].

Interestingly, in our study no significant association 
was found with cancer-related mortality. Several factors 
may contribute to this finding including unmeasured bias, 
the heterogenetity of cancer subtypes and other factors 
related to the characteristics of this high cardiovascular risk 

Fig. 1  Association between uNS-NPM DI (for 1 SD increment) and cause-specific and all-cause mortality; multivariable Cox proportional hazards 
regression models (n = 7,212)
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In conclusion, among older adults at high cardiovascu-
lar risk, a higher uNS-NPM DI score—indicating lower 
diet quality assessed with the updated Nutri-Score algo-
rithm - was prospectively associated with increased risks of 
all-cause, CVD, and other-cause but not cancer mortality. 
These findingssupport the utility of the uNS-NPM DI as a 
diet-quality indicator associated with mortality risk in this 
population.
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