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ag Servicio de Endocrinología, Hospital Universitario de Navarra, Servicio Navarro de Salud-Osasunbidea, Pamplona, Spain 
ah Blanquerna-Ramon Llull University, Barcelona, Spain 
ai Primary Care Center Zaidín-Center, Servicio Andaluz de Salud, Granada, Spain 
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A B S T R A C T   

Background and aims: The association between changes in ultra-processed food (UPF) consumption and car
diometabolic risk (CMR) factors remains understudied. We evaluated the association between changes in UPF 
consumption over 12 months of follow-up and changes in CMR factors in adults diagnosed with metabolic 
syndrome. 
Methods: We analysed data from 5373 adults (aged 55–75 years) participating in the PREDIMED-Plus trial. Diet 
was evaluated at baseline, 6- and 12-month visits using a validated food frequency questionnaire, and UPF 
consumption (in grams/day and percentage of total daily dietary intake in grams) was categorized based on 
NOVA classification. We used mixed-effects linear models with repeated measurements at baseline, 6 and 12 
months of follow-up to assess the associations between changes in UPF consumption and changes in CMR factors 
adjusting for sociodemographic and lifestyles variables. 
Results: In multivariable-adjusted models, when comparing the highest versus the lowest quartile of UPF con
sumption, positive associations were found for several CMR factors: weight (kg, β = 1.09; 95% confidence in
terval 0.91 to 1.26); BMI (kg/m2, β = 0.39; 0.33 to 0.46); waist circumference (cm, β = 1.03; 0.81 to 1.26); 
diastolic blood pressure (mm Hg, β = 0.67; 0.29 to 1.06); fasting blood glucose (mg/dl, β = 1.66; 0.61 to 2.70); 
HbA1c (%, β = 0.04; 0.01 to 0.07); triglycerides (mg/dl, β = 6.79; 3.66 to 9.91) and triglycerides and glucose 
index (β = 0.06; 0.04 to 0.08). 
Conclusions: Higher UPF consumption was associated with adverse evolution in objectively measured CMR 
factors after 12 months of follow-up in adults with metabolic syndrome. Further research is needed to explore 
whether these changes persist for longer periods.   

1. Introduction 

Cardiovascular diseases have nearly doubled their prevalence in the 
last three decades and remain the major cause of premature mortality 
and morbidity worldwide [1]. In parallel, the number of people with 
cardiometabolic risk (CMR) factors such as hypertension, high fasting 
plasma glucose, high LDL cholesterol, and obesity has also increased [1]. 

Diet is a modifiable factor that could play a preventable or risk role in 
the development of cardiovascular disease. Different foods, specifically 
those with high density energy but low nutritional value, have been 
associated with an increase in CMR factors [2]. Mounting evidence re
lates cardiovascular diseases and CMR factors to the consumption of 
ultra-processed foods (UPF) [3–6]. According to the NOVA food classi
fication system [7–9], the foods and beverages considered as UPF are 
mostly characterized by a high level of industrial processing with the 
objective to make them more palatable, accessible and ready to eat 
[7–9]. The consumption of UPF has dramatically increased in the last 
decades [6,8,10], and it is associated with lower diet quality [11] and a 
high consumption of free sugars, total and saturated fats and lower 
consumption of fibre, proteins, and several minerals and vitamins [12, 
13]. 

Emerging evidence from longitudinal and cross-sectional studies 
supports a positive association between UPF consumption and several 
CMR factors [14–21]. In a French prospective study examining the as
sociation between UPF consumption and the risk of cardiovascular dis
ease and diabetes, a high UPF consumption was associated with a 12% 
higher risk of total cardiovascular disease [14] and a 15% higher risk of 
diabetes after 5–6 years of follow-up [15]. In the prospective follow-up 
study of Navarra University (SUN), the highest UPF consumption was 

also associated with a 21% higher risk of hypertension after a 9 year 
follow-up [16]. Other studies have also found an association between 
UPF consumption and higher risk of overweight, obesity, abdominal 
obesity [17–21] and visceral and overall adiposity accumulation [22]. 
However, the evidence is still limited, particularly regarding how 
changes in UPF consumption may influence changes in CMR factors. 

Thus, we aimed to prospectively evaluate the association between 
changes in UPF consumption and simultaneous changes of several CMR 
factors such as weight, body mass index (BMI), waist circumference, 
blood pressure, fasting blood glucose, glycated haemoglobin (HbA1c), 
triglycerides, triglycerides and glucose index (TyG index) and choles
terol (total, HDL and LDL), using three repeated measurements during 
12-month follow-up in an adult population with diagnosed metabolic 
syndrome. 

2. Patients and methods 

2.1. Study design 

We performed a prospective analysis of data collected during the first 
12 months of follow-up of the PREDIMED-Plus study (PREvención con 
DIeta MEDiterránea Plus, http://www.predimedplus.com). The 
PREDIMED-Plus is an ongoing multicentre, 6-year, randomized clinical 
trial whose main aim is to evaluate the effect on cardiovascular disease 
prevention of an intensive weight loss intervention based on an energy- 
restricted traditional Mediterranean diet, physical activity promotion 
and behavioural support. The control group received an unrestricted- 
energy Mediterranean diet supplemented with extra virgin olive oil. 
Meanwhile, the intervention group received an intensive intervention 
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based on an energy-restricted Mediterranean diet supplemented with 
extra virgin olive oil, behavioural support and physical activity goals to 
achieve weight loss. The primary endpoints of the trial are cardiovas
cular disease death, nonfatal myocardial infarction, nonfatal stroke, and 
long-term weight loss maintenance. Recruitment of participants began 
in September 2013 and ended in December 2016 in 23 centres 
throughout the Spanish territory. Participants were randomized (ratio 
1:1) into two groups stratifying by sex, age (<65, 65–70, >70 years) and 
recruiting centre. The 309 couples (618 participants) enrolled in the 
study were randomly assigned as a unit to the same intervention group. 
More details of the study design have been previously described [23] 
and are available at http://predimedplus.com/. 

The PREDIMED-Plus study followed ethical principles for medical 
research involving human subjects according to the Declaration of 
Helsinki. The Research Ethic Committees of each recruiting centre 
approved the study protocol, and all participants signed an informed 
consent. This trial was registered at http://www.isrctn.com/ISRCT 
N89898870 as ISRCT 89898870. 

2.2. Study population 

The participants were males (aged 55–75 years) and females (aged 
60–75 years) without baseline history of cardiovascular diseases. In 
addition, all participants had excess of weight (BMI between 27 and 40 
kg/m2) and at least three of the following five risk factors of metabolic 
syndrome according to the updated criteria of the International Diabetes 
Federation and the American Heart Association and National Heart, 
Lung and Blood Institute [24]: hypertension, plasma triglycerides ≥150 
mg/dL, plasma HDL cholesterol <40 mg/dL in males or < 50 mg/dL in 
females, fasting blood glucose >100 mg/dL and central obesity (≥102 
cm in males or ≥88 cm in females). 

Of the 9677 people assessed for eligibility, 6874 met the inclusion 
criteria and were randomized. Among those, we excluded 1316 

participants without dietary information in one or more of the three 
visits carried out during the first 12 months of follow-up. We also 
excluded 185 participants with implausible reported energy intake ac
cording to the following established cut-off points [25]: <800 or >4000 
kcal/day for males or <500 or >3500 kcal/day for females. Finally, 
5373 participants were included in these analyses (Fig. 1). 

2.3. Dietary assessment and ultra-processed foods consumption 

Information on the participant’s dietary intake was collected by 
trained interviewers using the same validated semi-quantitative food 
frequency questionnaire (FFQ) at baseline, 6 and 12 months of follow-up 
[26]. The FFQ included 143 different foods and had 9 possible frequency 
intake responses ranging from “never or hardly ever” to “>6 times a 
day”. The usual daily nutrient intakes for each participant were calcu
lated multiplying the reported frequency for each food by their nutrient 
content according to the portion size specified in the FFQ. Portion sizes 
were those standardized for adults and the nutrient values were ob
tained from Spanish food composition tables [27]. 

A specialized working group within the PREDIMED-Plus study 
composed by experts on nutritional epidemiology and dietitians classi
fied all the items in the FFQ according to the four NOVA classification 
groups [8,9,28]. The first group, Unprocessed or minimally processed 
foods, includes edible parts of natural or unprocessed foods from plants, 
animals, fungi, algae and water. In addition, it comprises foods altered 
by processes to preserve or to make them safe and edible (e.g. drying, 
boiling, pasteurization, or similar.). For instance, this first group in
cludes fruits, vegetables, fish, eggs, milk and water among others. The 
second group, Processed culinary ingredients includes food elements 
which are not usually eaten alone but are used for food preparation, 
seasoning and cooking, some examples are oils, butter, sugars and salt. 
The third group, Processed foods, includes foods from the first group that 
have been modified using non-alcoholic fermentations or processing in 

Fig. 1. Flow chart demonstrating selection of study participants on the PREDIMED-Plus study.  
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order to preserve them and/or to modify their sensory qualities. These 
foods are edible by themselves or in combination with other foods and 
usually include two or three ingredients. Examples include canned 
vegetables or fish, bread or cheese among others. This group also in
cludes alcoholic beverages produced by fermentation: beer, cider and 
wine. Finally, the UPF group, are foods made of substances derived from 
other foods and additives using a series of processes and containing 
minimal whole foods. These foods usually include oils, fats, salt or 
sugars, in addition to other substances such as lactose or gluten as well 
as preservatives, antioxidants and stabilizers. Examples include soft 
drinks, packaged snacks, pre-prepared frozen dishes and ready-to-eat 
foods [8,9,28]. This group also includes alcoholic beverages produced 
by distillation such as whisky, gin, rum and vodka. Supplementary 
Table 1 shows detailed information about the classification of the 143 
FFQ items into the four NOVA groups. The UPF consumption per person 
was estimated using the sum of the 36 items classified in the UPF group. 
In addition, the UPF group was subdivided into 6 subgroups: dairy 
products, processed meats, sweets, fast-foods, beverages and alcoholic 
beverages. Detailed information about food included in each subgroup is 
shown in Supplementary Table 2. 

2.4. Cardiometabolic risk factors and assessments 

The CMR factors considered were weight, BMI, waist circumference, 
blood pressure, fasting blood glucose, HbA1c, triglycerides, TyG index 
and cholesterol (total, HDL and LDL). Trained staff obtained anthropo
metric measures following standardized protocols at baseline, 6 and 12 
months of follow-up visits. Weight was measured without shoes and 
with light clothing using calibrated scales (precision ±100 g). Height 
was measured with stadiometers without shoes or objects on the head, in 
compliance with the Frankfort plan (precision ±1 mm). We calculated 
BMI as weight in kilograms divided by height in meters squared (kg/ 
m2). Waist circumference was measured at the midpoint between the 
last rib and the upper part of the iliac crest with inextensible tapes sit
uated horizontally to the ground (precision ±1 mm). Blood pressure was 
measured when seated after 5 min of resting, using a validated semi
automatic oscillometer (Omron HEM-705CP). Weight, height and waist 
circumference were measured in duplicate and blood pressure in trip
licate. We calculated the average of all these measures for the analyses. 
In addition, trained nurses collected blood samples after 8 h of fasting to 
obtain levels of fasting blood glucose, HbA1c, triglycerides and choles
terol (total, HDL and LDL) at baseline, 6 and 12 months of follow-up, 
using standardized laboratory procedures. The TyG index was calcu
lated using the following formula [Ln(triglycerides x fasting plasma 
glucose/2)]. 

2.5. Covariates 

Additional information on sociodemographic and lifestyle behav
iours was collected at baseline: age (in years), sex (males, females), 
marital status (married, others), educational level (primary or less, 
secondary, college or university), employment situation (current 
worker, retired, other status), smoking status (never, former, current), 
self-reported type 2 diabetes (no, yes), physical activity (METS in hours/ 
week), screen time (hours/day) and ≥7 h/day of sedentary time (yes, 
no) and alcohol consumption (in grams/day, g/d). Finally, the adher
ence to the Mediterranean diet was also assessed using a validated 17- 
point scale [29], where a higher score means higher adherence to 
energy-restricted Mediterranean diet. 

2.6. Statistical analyses 

All the statistical analyses were performed using STATA software 
(version 16.1, StataCorp, Unites Estates of America, http://www.stata. 
com). p-values <0.05 were considered statistically significant. 

Consumption of UPF was calculated for each participant and was 

divided into quartiles. Main characteristics of participants were 
described according to baseline quartiles of UPF consumption, and re
ported as the mean and standard deviation (SD) or percentages (%) in 
case of categorical variables. ANOVA tests were used for continuous 
variables and Chi-square tests for categorical variables. In addition, we 
described the total UPF consumption in g/d for each follow-up visit in 
both continuous (mean and SD) and the % of UPF within total daily 
dietary intake ([intake of UPF in grams/total dietary intake in grams]* 
100). The consumption of each subgroup of UPF was also calculated in 
continuous (mean and SD) and in the % of each food group within total 
UPF consumption ([intake of each food group in grams/total UPF con
sumption in grams)*100]. Paired T-Student tests were performed to 
evaluate differences between UPF consumption among the different 
follow-up visits. 

Mixed-effects linear models with random intercepts at cluster family 
and patient level were used to assess the association between the 
changes in CMR factors and simultaneous changes in UPF consumption 
at baseline, 6- and 12 months of follow-up. Mixed-effects linear models 
are an extension of simple linear models, and they are used for regres
sion analyses involving dependent data when multiple observations are 
made on each participant. In this study, we evaluated concurrent 
changes in CMR factors by changes in the UPF consumption (in quartiles 
and per 100 g increments) over three measurements performed during 
the first year of follow-up (baseline, 6- and 12 months of follow-up). In 
addition, the association between CMR factors and UPF consumption 
was evaluated twice, with the UPF consumption expressed in g/d (in 
quartiles and per 100 g/d of increments) and in % of UPF within total 
daily dietary intake (in quartiles and per 10% of increments), with the 
first quartile set as the reference category. Adjustments were made for 
baseline covariates. The minimally adjusted model included age, sex, 
intervention group and follow-up time. Multivariable adjusted model 
included age, sex, intervention group, follow-up time, educational level, 
smoking status, physical activity and sedentary time. 

We detected missing values in some variables of the multivariable 
adjusted model: educational level (n = 44), smoking status (n = 22), 
sedentary time (n = 38), systolic and diastolic blood pressure (n = 31), 
fasting blood glucose (n = 74), HbA1c (n = 478), triglycerides (n = 23), 
total cholesterol (n = 18), HDL cholesterol (n = 32) and LDL cholesterol 
(n = 106). Taking into account that the missing values represented 2% 
or less of the sample, multiple imputation was not considered, except for 
missing values in HbA1c (8,9%). Sensitivity analyses were performed for 
the association between imputed HbA1c and UPF consumption using 
mixed-effects linear models. 

3. Results 

Baseline characteristics for all samples and according to baseline 
quartile of UPF consumption are shown in Table 1. A total of 2782 
(51.8%) males and 2591 (48.2%) females, whose mean (SD) age was 
65.1 (4.9) years, were finally included in the present study. Participants 
in the highest quartile of UPF consumption were significantly younger, 
less physically active and had less adherence to energy-restricted Med
iterranean diet. Moreover, they were more likely to be male, to have 
higher educational level, to be current smokers, to spend more screen 
time and to be sedentary. Among CMR factors, participants in the higher 
quartile of UPF consumption at baseline showed higher weight, BMI, 
waist circumference and levels of triglycerides, in addition to lower 
levels of HDL cholesterol (p < 0.05 for all the comparisons). 

3.1. Consumption of ultra-processed foods 

Consumption of UPF at baseline, 6 and 12 months of follow-up and 
changes in consumption between visits are shown in Table 2. The mean 
(SD) of total UPF consumption was 159.4 (155.1) g/d at baseline, 104.1 
(116.9) g/d at 6 months and 100.7 (114.6) g/d after 12 months of 
follow-up. Participants significantly reduced their UPF consumption 
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Table 1 
Baseline characteristics of all participants and according to baseline quartiles of ultra-processed food consumption consistent with NOVA classificationa.   

All sample Q1 Low Q2 Medium low Q3 Medium high Q4 High p-valueb 

Range (g)  <67.6 67.6–113.4 113.5–195.7 >195.7  
n (frequency) 5373 1344 1343 1343 1343  
Intervention group      0.923 

Control 2713 (50.5) 689 (51.3) 678 (50.5) 672 (50.0) 674 (50.2)  
Intervention 2660 (49.5) 655 (48.7) 665 (49.5) 671 (50.0) 669 (49.8)  

Age (years) 65.1 (4.9) 66.3 (4.6) 65.3 (4.8) 64.7 (4.8) 64.2 (5.1) <0.001 
Sex      <0.001 

Males 2782 (51.8) 572 (42.6) 669 (49.8) 723 (53.8) 818 (60.9)  
Females 2591 (48.2) 772 (57.4) 674 (50.2) 620 (46.2) 525 (39.1)  

Marital status      0.060 
Married 4131 (76.9) 989 (73.6) 1055 (78.6) 1048 (78.0) 1039 (77.4)  
Other situation 1223 (22.8) 349 (26.0) 285 (21.2) 290 (21.6) 299 (22.3)  

Educational level      <0.001 
Primary or less 2660 (49.5) 731 (54.4) 679 (50.6) 650 (48.4) 600 (44.7)  
Secondary 1534 (28.6) 357 (26.6) 376 (28.0) 372 (27.7) 429 (31.9)  
College/university 1135 (21.1) 242 (18.0) 271 (20.2) 313 (23.3) 309 (23.0)  

Employment situation      <0.001 
Current worker 1035 (19.3) 169 (12.6) 239 (17.8) 287 (21.4) 340 (25.3)  
Retired 3101 (57.7) 862 (64.1) 783 (58.3) 742 (55.3) 714 (53.2)  
Other status 1216 (22.6) 307 (22.8) 317 (23.6) 308 (22.9) 284 (21.2)  

Smoking status      <0.001 
Never 2401 (44.7) 675 (50.2) 592 (44.1) 576 (42.9) 558 (41.6)  
Former 2301 (42.8) 535 (39.8) 587 (43.7) 588 (43.8) 591 (44.0)  
Current 649 (12.1) 130 (9.7) 157 (11.7) 173 (12.9) 189 (14.1)  

Self-reported type 2 diabetes      0.075 
No 3.737 (69.6) 913 (67.9) 969 (72.2) 918 (68.4) 937 (69.8)  
Yes 1636 (30.4) 431 (32.1) 374 (27.9) 425 (31.7) 406 (30.2)  

Physical activity (METs-h/week) 41.8 (38.5) 43.3 (39.4) 43.3 (39.4) 40.1 (38.3) 40.5 (36.8) 0.035 
Screen time (hours/day) 3.9 (1.9) 3.7 (1.8) 3.8 (1.8) 4.0 (1.9) 4.1 (1.9) <0.001 
Sedentary time (≥7 h/day)      <0.001 

No 2954 (55.0) 826 (61.5) 754 (56.1) 699 (52.1) 675 (50.3)  
Yes 2381 (44.3) 512 (38.1) 578 (43.0) 634 (47.2) 657 (27.6)  

Alcohol consumption (g/day) mean (SD) 11.1 (15.1) 9.4 (14.1) 10.6 (14.5) 11.7 (15.0) 12.8 (16.3) <0.001 
E-R MedDiet (17-points) 8.5 (2.7) 9.6 (2.6) 8.7 (2.6) 8.2 (2.5) 7.6 (2.7) <0.001 
Weight (kg) 86.3 (12.9) 83.8 (12.1) 85.4 (12.5) 87.0 (13.2) 88.8 (13.3) <0.001 
BMI (kg/m2) 32.5 (3.4) 32.2 (3.4) 32.3 (3.4) 32.6 (3.4) 32.7 (3.5) 0.003 
Waist circumference (cm) 107.4 (9.6) 105.9 (9.1) 106.6 (9.3) 107.9 (9.6) 109.1 (9.9) <0.001 
Systolic BP (mmHg) 139.8 (16.8) 140.1 (17.3) 140.3 (16.5) 139.8 (16.8) 139.1 (16.6) 0.286 
Diastolic BP(mmHg) 80.7 (9.9) 80.2 (9.6) 80.7 (9.7) 81.0 (10.0) 80.9 (10.1) 0.183 
Fasting blood glucose (mg/dL) 113.3 (29.0) 113.8 (28.9) 112.8 (28.3) 113.4 (28.9) 113.2 (30.1) 0.831 
HbA1c (%) 6.1 (0.9) 6.1 (0.8) 6.1 (0.9) 6.1 (0.8) 6.1 (0.9) 0.814 
Triglycerides (mg/dL) 151.2 (76.5) 144.2 (69.6) 151.8 (77.1) 152.1 (74.3) 156.6 (84.0) <0.001 
TyG index 8.9 (0.5) 8.9 (0.5) 8.9 (0.5) 8.9 (0.5) 9.0 (0.5) 0.015 
Total cholesterol (mg/dL) 197.3 (37.8) 197.2 (37.7) 197.6 (36.8) 198.7 (38.1) 195.8 (38.5) 0.238 
HDL cholesterol (mg/dL) 48.1 (11.9) 49.1 (12.0) 48.6 (11.6) 47.9 (12.0) 46.9 (11.7) <0.001 
LDL cholesterol (mg/dL) 120.1 (34.5) 120.0 (33.2) 119.5 (32.2) 121.4 (33.1) 119.3 (38.9) 0.391 

BP, blood pressure; BMI, body mass index; HbA1c, glycated hemoglobin; E-R MedDiet, energy-restricted Mediterranean diet adherence; MET, metabolic equivalent; SD, standard deviation; TyG index, triglyceride and 
glucose index. 
b p-values were calculated by ANOVA test for continuous variables and χ2 test for categorical variables. 
1 mmHg = 133.333 Pa. 1 mg/dL = 0.0556 mmol/L. 

a Values are means (SD) or numbers of participants (percentages). Figures for some variables may differ from the total sample (n=5373) due to missing values. 
b p-values were calculated by ANOVA test for continuous variables and X2 test for categorical variables. 
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Table 2 
Consumption of ultra-processed food at baseline, 6- and 12-months of follow-up and their changes between visits in participants of PREDIMED Plus study (n = 5373).   

Baseline 6 months 12 months 6 months-Baseline 12 months-Baseline 12 months–6 months 

mean (SD) mean (SD) mean (SD) mean (SD) p-valuea mean (SD) p-valuea mean (SD) p-valuea 

Total UPF consumption 
Grams/day 159.4 (155.1) 104.1 (116.9) 100.7 (114.6) − 55.3 (138.2) <0.001 − 58.6 (141.3) <0.001 − 3.4 (107.4) 0.011 
% of UPF in total daily dietary intakeb 7.7 (6.5) 5.1 (5.2) 4.9 (5.0) − 2.5 (5.9) <0.001 − 2.8 (5.9) <0.001 − 0.2 (4.5) <0.001 

Food groups within UPF 
Dairy products 

Grams/day 16.1 (29.3) 9.5 (21.0) 10.1 (20.4) − 6.5 (29.7) <0.001 − 6.0 (30.1) <0.001 0.5 (23.1) 0.952 
% within total UPFc 10.7 (14.0) 9.6 (15.0) 10.3 (15.5) − 1.2 (17.4) <0.001 − 0.5 (17.2) 0.049 0.7 (17.7) 0.003 

Processed meats 
Grams/day 22.9 (17.7) 17.2 (13.6) 16.9 (12.8) − 5.6 (17.9) <0.001 − 6.0 (18.4) <0.001 − 0.4 (14.1) 0.044 
% within total UPFc 21.8 (18.6) 28.0 (24.2) 28.0 (24.0) 6.2 (24.1) <0.001 6.3 (24.2) <0.001 0.1 (24.3) 0.669 

Sweets 
Grams/day 35.9 (33.5) 22.0 (25.9) 21.0 (24.1) − 13.8 (33.8) <0.001 − 14.8 (33.4) <0.001 − 1.0 (24.9) 0.003 
% within total UPFc 28.1 (22.1) 26.1 (23.4) 25.6 (22.8) − 2.0 (24.9) <0.001 − 2.5 (25.0) <0.001 − 0.5 (23.8) 0.113 

Fast foods 
Grams/day 14.1 (15.8) 9.3 (11.6) 9.0 (11.1) − 4.9 (14.3) <0.001 − 5.1 (14.8) <0.001 − 0.3 (10.8) 0.068 
% within total UPFc 11.6 (11.8) 12.0 (14.3) 12.0 (14.4) 0.4 (14.7) 0.050 0.4 (15.4) 0.035 0.04 (15.8) 0.849 

Beverages 
Grams/day 67.1 (132.8) 43.5 (101.4) 41.5 (98.1) − 23.6 (120.4) <0.001 − 25.7 (121.5) <0.001 − 2.1 (95.4) 0.114 
% within total UPFc 25.4 (27.7) 21.9 (28.7) 21.5 (28.4) − 3.6 (29.7) <0.001 − 3.9 (29.3) <0.001 − 0.35 (27.8) 0.364 

Alcoholic beverages 
Grams/day 3.4 (10.5) 2.5 (8.9) 2.4 (9.6) − 0.8 (9.2) <0.001 − 1.0 (10.7) <0.001 − 0.2 (9.7) 0.250 
% within total UPFc 2.4 (6.5) 2.5 (7.7) 2.5 (8.0) 0.2 (7.1) 0.123 0.11 (7.5) 0.290 − 0.03 (7.8) 0.771 

SD, standard deviation; UPF, Ultra-processed food. 
ap-value from paired T-Student test. 
Dairy products include flavored milk drinks, petit-suisse, cheese portions or cream cheese; custard, pudding or similar and ice cream. Processed meats include ham, processed meats such as dried sausage, chorizo or 
similar; patés and foie gras; burgers and meatballs. Sweets include biscuits; croissants, pastries or similar; doughnuts; muffins; Spanish churros or similar; pies; chocolates and chocolate; cocoa powder; Spanish nougat; 
marzipan or similar. Fast foods include crisps; pizza, croquettes; packet or canned soups; margarine; commercial mayonnaise; mustard; ketchup; packed fried tomato sauce and savory packed snacks. Beverages include soft 
drinks (sugar- and artificially-sweetened) and commercial fruit juices. Alcoholic beverages includes liquors and spirits (whisky vodka, gin and cognac). 

b The consumption of ultra-processed foods was expressed as a percentage of total daily dietary intake (intake of UPF (g/d)/total dietary intake (g/d)*100). 
c The consumption of each food subgroup was expressed as a percentage of total UPF consumption (consumption of each food subgroup (g/d)/total UPF consumption (g/d)*100). 
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Table 3 
Association between concurrent changes in ultra-processed food consumption (g/d) and cardiovascular risk factors from baseline to 6- and 12 months of follow-up visitsa.   

Quartiles of UPF consumption  Continuous 

Q1 Low Q2 Medium low Q3 Medium high Q4 High  Per 100 g increments in UPF consumption 

β (95% CI) β (95% CI) β (95% CI) β (95% CI) p for trend β (95% CI) p-value 

Weight, kg 
Minimally-adjusted reference 0.70 (0.56; 0.85) 1.21 (1.05-1.36) 1.66 (1.49; 1.83) <0.0001 0.35 (0.30; 0.40) <0.0001 
Multivariable-adjusted reference 0.50 (0.36; 0.63) 0.83 (0.67; 0.98) 1.09 (0.91; 1.26) <0.0001 0.21 (0.17; 0.26) <0.0001 

Body mass index, kg/m2 

Minimally-adjusted reference 0.25 (0.20; 0.31) 0.44 (0.38; 0.50) 0.61 (0.54; 0.67) <0.0001 0.13 (0.11; 0.14) <0.0001 
Multivariable-adjusted reference 0.18 (0.12; 0.23) 0.30 (0 .24; 0.36) 0.39 (0.33; 0.46) <0.0001 0.08 (0.06; 0.09) <0.0001 

Waist circumference, cm 
Minimally-adjusted reference 0.61 (0.43; 0.80) 1.19 (0.99; 1.39) 1.64 (1.42; 1.86) <0.0001 0.33 (0.27; 0.40) <0.0001 
Multivariable-adjusted reference 0.41 (0.22; 0.59) 0.78 (0.58; 0.99) 1.03 (0.81; 1.26) <0.0001 0.18 (0.11; 0.24) <0.0001 

Systolic BP, mmHg 
Minimally-adjusted reference 0.59 (0.02; 1.17) 0.57 (-0.05; 1.19) 0.72 (0.06; 1.39) 0.194 -0.11 (-0.30; 0.08) 0.243 
Multivariable-adjusted reference 0.61 (0.02; 1.20) 0.41 (-0.22; 1.05) 0.45 (-0.25; 1.14) 0.736 -0.18 (-0.37; 0.01) 0.069 

Diastolic BP, mmHg 
Minimally-adjusted reference 0.45 (0.13; 0.77) 0.39 (0.05; 0.73) 0.75 (0.38; 1.12) 0.003 0.03 (-0.07; 0.14) 0.520 
Multivariable-adjusted reference 0.47 (0.15; 0.80) 0.37 (0.02; 0.72) 0.67 (0.29; 1.06) 0.022 0.02 (-0.09; 0.12) 0.754 

Fasting blood glucose, mg/dL 
Minimally-adjusted reference 0.98 (0.12; 1.83) 1.81 (0.89; 2.74) 2.42 (1.40; 3.43) 0.001 0.67 (0.38; 0.95) <0.0001 
Multivariable-adjusted reference 0.73 (-0.13; 1.60) 1.35 (0.41; 2.30) 1.66 (0.61; 2.70) 0.050 0.44 (0.15; 0.73) 0.003 

HbA1c, % 
Minimally-adjusted reference 0.02 (0.001; 0.05) 0.04 (0.02; 0.06) 0.07 (0.04; 0.09) <0.0001 0.02 (0.02; 0.03) <0.0001 
Multivariable-adjusted reference 0.01 (-0.01; 0.04) 0.02 (-0.002; 0.05) 0.04 (0.01; 0.07) 0.039 0.02 (0.01; 0.03) <0.0001 

Tryglicerides, mg/dL 
Minimally-adjusted reference 4.07 (1.47; 6.67) 7.36 (4.59; 10.14) 10.40 (7.39; 13.41) <0.0001 2.01 (1.18; 2.85) <0.0001 
Multivariable-adjusted reference 3.01 (0.37; 5.64) 5.01 (2.17; 7.86) 6.79 (3.66; 9.91) <0.0001 1.09 (0.23; 1.94) 0.013 

TyG indexb 

Minimally-adjusted reference 0.04 (0.02; 0.06) 0.07 (0.05; 0.08) 0.09 (0.07; 0.11) <0.0001 0.02 (0.01; 0.02) <0.0001 
Multivariable-adjusted reference 0.03 (0.01; 0.05) 0.05 (0.03; 0.06) 0.06 (0.04; 0.08) <0.0001 0.01 (0.00; 0.01) 0.003 

Total cholesterol, mg/dL 
Minimally-adjusted reference 0.43 (-0.81; 1.67) 0.99 (-0.34; 2.32) 1.12 (-0.32; 2.56) 0.122 0.23 (-0.17; 0.63) 0.269 
Multivariable-adjusted reference 0.12 (-1.14; 1.38) 0.40 (-0.97; 1.76) 0.28 (-1.23; 1.78) 0.606 0.03 (-0.38; 0.45) 0.874 

HDL cholesterol, mg/dL 
Minimally-adjusted reference -0.13 (-0.44; 0.19) -0.43 (-0.76; -0.09) -0.46 (-0.83; -0.09) 0.038 -0.06 (-0.17; 0.04) 0.237 
Multivariable-adjusted reference -0.08 (-0.40; 0.23) -0.33 (-0.68; 0.02) -0.34 (-0.72; 0.05) 0.163 -0.02 (-0.13; 0.08) 0.686 

LDL cholesterol, mg/dL 
Minimally-adjusted reference -0.11 (-1.26; 1.05) 0.12 (-1.12; 1.36) 0.03 (-1.31; 1.37) 0.666 0.03 (-0.34; 0.40) 0.876 
Multivariable-adjusted reference -0.26 (-1.44; 0.91) -0.16 (-1.43; 1.11) -0.29 (-1.68; 1.11) 0.924 -0.04 (-0.42; 0.35) 0.843 

BP, blood pressure; HbA1c, glycated hemoglobin; TyG index, triglycerides and glucose index; UPF, ultra-processed food. 
Minimally adjusted model: baseline age, sex, intervention group and follow-up time. 
Multivariable adjusted model: baseline age, sex, intervention group, follow-up time, educational level, smoking status, physical activity, energy-restricted Mediterranean diet adherence and sedentary time. 
1 mmHg = 133.333 Pa. 1 mg/dL = 0.0556 mmol/L. 

a Analyses were performed using mixed-effects linear models with random intercepts at cluster family and patient level. Beta represents changes in cardiometabolic risk factors in quartiles of UPF consumption (g/d), 
compared to quartile 1, the reference category. 

b TyG index = [Ln(tryglicerides x fasting plasma glucose/2)]. 
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during the first 12 months of follow-up (− 58.6 [141.3] g/d; p < 0.001), 
especially during the first 6 months (− 55.3 [138.2] g/d; p < 0.001). This 
reduction was also reflected on the proportion of UPF within total daily 
dietary intake, that changed from 7.7 (6.5) % to 4.9 (5.0) % (p < 0.001) 
from baseline to 12 months of follow-up. 

In the same line, the consumption of specific food groups was also 
reduced during the follow-up, especially in the first 6 months. Only dairy 
products showed a non-significant increase of 0.5(23.1) g/d (p = 0.952) 
between 6-months and 12 months of follow-up. After the 12 months of 
follow-up, the proportion of the consumption of dairy products (− 0.5 
[17.2] %; p = 0.049), sweets (− 2.5 [25.0] %; p < 0.001) and beverages 
(− 3.9 [29.3] %; p < 0.001) was reduced. On the other hand, the pro
portion of processed meats (6.3 [24.2] %; p < 0.001) and fast foods (0.4 
[15.4] %; p = 0.035) increased significantly. 

3.2. Cardiometabolic risk factors 

The CMR risk factors at baseline, 6 and 12 months of follow-up and 
their changes between visits are shown in Supplementary Table 3. All 
CMR factors decreased significantly between baseline and both 6- and 
12-month visits, except for HDL cholesterol that showed a non- 
significant increase. Differences between 6- and 12-month visits were 
lower but still significant for weight, BMI, waist circumference, systolic 
and diastolic blood pressure, total and LDL cholesterol. 

3.3. Cardiometabolic risk factors and ultra-processed food consumption 
associations 

Table 3 shows the associations between concurrent changes in UPF 
consumption (by quartiles in g/d) and in CMR factors from baseline to 6 
and 12 months of follow-up. Compared with the lower quartile, the 
highest quartile of UPF consumption was positively associated with 
weight (kg, β = 1.09; 95%CI = 0.91, 1.26), BMI (kg/m2, β = 0.0.39; 95% 
CI = 0.33, 0.46), waist circumference (cm, β = 1.03; 95%CI = 0.81, 
1.26), diastolic blood pressure (mm Hg,β = 0.67; 95%CI = 0.29,1.06), 
fasting blood glucose (mg/dl, β = 1.66; 95%CI = 0.61, 2.70), HbA1c (%, 

β = 0.04; 95%CI = 0.01, 0.07), plasma triglycerides (mg/dl, β = 6.79; 
95%CI = 3.66, 9.91) and TyG index (β = 0.06; 95%CI = 0.04, 0.08) in 
the multivariable analyses. All the associations showed significant dose- 
response relationship (p-trend <0.05). No statistically significant asso
ciations were found between the highest UPF consumption and systolic 
blood pressure and all types of cholesterol (total, HDL and LDL choles
terol). Those results are graphically summarized in Fig. 2. Similar results 
were found per 100 g daily increments in UPF consumption and all CMR 
factors, except for diastolic blood pressure. 

None of these associations changed substantially when the UPF 
consumption was expressed in % of UPF out of total daily intake (Sup
plementary Table 4). The exception was for diastolic blood pressure 
where the association with the highest quartile of UPF consumption 
became non-significant (β = 0.38; 95%CI = − 0.01, 0.77) in the multi
variable adjusted models. 

Sensitivity analyses for the association between imputed HbA1c and 
UPF consumption showed similar results to non-imputed analyses and 
dose-response relationships (Supplementary Table 5). 

4. Discussion 

In this study, we analysed prospectively the concurrent changes in 
UPF consumption and cardiometabolic risk factors from baseline to 6 
and 12 months of follow-up in an adult population with metabolic 
syndrome. Compared with the lowest quartile, the highest quartile of 
UPF consumption was associated positively with weight, BMI, waist 
circumference, diastolic blood pressure, fasting blood glucose, HbA1c, 
triglycerides and TyG index after adjustment by several sociodemo
graphic and life-style characteristics. 

Our results showed that UPF consumption decreased during the 12 
months of follow-up in all-participants, perhaps because all participants 
were taught how to follow a Mediterranean diet as part of the study 
intervention. However, apparently, the baseline consumption was not 
influenced by the intervention and can be compared with the con
sumption reported in other studies [30–33]. For example, in line with 
our results about UPF consumption (nearly to 160 g/d), an Italian study 

Fig. 2. Graphical abstract of main results obtained for the associations between concurrent changes in ultra-processed food consumption and in cardiometabolic risk 
factors from baseline to 6 and 12 months of follow-up in participants from the PREDIMED-Plus study. 
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with 22475 participants (mean age 55 years) reported an UPF con
sumption of 181.5 g/d [30]. However, in a Spanish population-based 
cohort of 11989 individuals (mean age 46.9 years), UPF consumption 
was 384.7 g/d (SD 4.30), more than double the UPF consumption that 
we have found in our study [31], probably because they included 
younger populations than ours. In addition, we found in our sample that 
UPF represented 7.7% of the total amount of food consumed by weight 
(g/d). Nevertheless, other studies reported a higher proportion of UPF as 
part of total daily dietary intake. In a cohort with 44551 participants 
aged 56.7 years, UPF represented 14.4% of the total amount of food 
consumed by weight [32]. In another study, the daily % of UPF was 22.1 
in 21730 participants whose mean age was 55.8 years [33]. Those dif
ferences could be explained by the mean age of our sample, which was 
higher (mean 65.1 years). In addition, our participants had metabolic 
syndrome and excess of weight at baseline so they may have changed 
their dietary intake as part of their usual health care. 

Regarding the association between UPF consumption and CMR, few 
studies have evaluated these relationships previously, so the comparison 
between our findings and other studies is limited. Despite this, our re
sults are in line with current evidence [18–20,34–36]. For example, in 
multivariable-adjusted analyses, we found that the highest UPF con
sumption was associated significantly with higher weight, BMI and 
greater waist circumference when compared with the lowest UPF con
sumption. Moreover, these associations showed a significant 
dose-response relationship. Our results are consistent with those from 
other longitudinal [19,34] and cross-sectional studies [18,20,35,36] in 
adults. However, direct comparison is difficult since these studies have 
evaluated UPF consumption as % of UPF in total calorie intake, whereas 
we have assessed UPF consumption in g/d and % of UPF out of total 
daily intake in grams. We did not evaluate the % of energy from UPF in 
total daily energy intake because some UPF are low-calorie or 
non-caloric (e.g. artificially-sweetened beverages) and they could be 
under-represented. 

Little is known about the association between blood pressure and 
UPF consumption. Mendonça et al. evaluated 14790 Spanish adults who 
were free of hypertension at baseline. After 9.1 years of follow-up, the 
participants with the highest UPF consumption had a higher risk of 
developing hypertension (HR = 1.21; 95% CI = 1.06, 1.37; p for trend =
0.004) than those with the lowest consumption in adjusted models [16]. 
We found that the highest quartile of UPF consumption was positively 
associated with diastolic blood pressure in multivariable-adjusted 
models. However, when we evaluated per 100 g/d increments of UPF 
consumption, the association between diastolic blood pressure and UPF 
consumption lost statistical significance. We did not find any statistical 
significance with systolic blood pressure. 

In addition, our study shows that as UPF consumption increases, the 
levels of fasting blood glucose and HbA1c also increase. In the same line, 
three large cohorts [15,33,37] found that compared with the group of 
lowest UPF consumption, adults with the highest consumption of UPF 
had more risk of developing type 2 diabetes mellitus in adjusted models 
[15,33,37]. Moreover, a study conducted in 6686 participants found 
that the more processed the foods were, the higher the glycaemic impact 
on an adult population aged ≥65 years [38]. 

Finally, we also identified that UPF consumption was associated with 
unfavourable levels of plasma triglycerides and TyG index, but not with 
total, HDL and LDL cholesterol. Little is known about the association 
between lipids profile and UPF consumption in adults. However, in a 
recent study that evaluated cross-sectionally four different classification 
systems of UPF, the authors found no significant association between 
LDL cholesterol and any of the classification systems of UPF. Never
theless, the authors found positive associations between total cholesterol 
and a 5% increment in UPF consumption (% of g/d), which was calcu
lated according to the classifications of the International Agency for 
Research on Cancer, the International Food Information Council and the 
University of North Carolina, but not with NOVA classification [39]. In 
addition, a recent systematic review performed in children and 

adolescents found that nine out of fourteen of the studies selected 
showed a significant association between UPF consumption and unfav
ourable levels of triglycerides, total, HDL, and LDL cholesterol [40]. 

Several hypotheses could clarify our findings. First, UPF are created 
to be highly palatable, accessible and ready to eat, which could explain 
why their consumption has been increasing in the last decades in high- 
and middle-income countries [8]. In fact, several studies have reported 
the % of UPF of total energy to be 17.0% in Spain [21], 24.6% in Brazil 
[34], 48.6% in United Kingdom [20], 45.0% in Canada [41] and 56.1% 
in the United States [18]. As well as to their high and widespread con
sumption, UPF have other characteristics that could be related with 
CMR factors. Fardet and colleagues [38] evaluated the relationship be
tween the degree of food processing and satiety potential, and they 
found that the more processed the food, the lower its satiety potential 
[38], which could lead to a higher daily intake. In addition, UPF con
sumption has been related to poor nutrient intake. As the consumption 
of UPF increases, the dietary content of total energy, carbohydrates, free 
sugars, total fats and saturated fats also increase, while the dietary 
content of protein, fibre, several vitamins and minerals decrease [12, 
13]. In this sense, a recent review which evaluated the evidence on the 
biological mechanisms that support the associations between UPF and 
cardiovascular diseases reported increased energy intake, alterations in 
the gut–brain satiety signalling, hormonal effects, and changes to the gut 
microbiome as possible biological pathways [3]. In fact, in a subset of 
PREDIMED-Plus participants, we recently reported that UPF consump
tion is specifically related to a gut microbiota profile and we observed a 
positive association with specific taxa (Alloprevotella, Negativibacillus, 
Prevotella and Sutterella) related to inflammatory gastro-intestinal 
diseases [42]. 

This study has some limitations. Our study sample is not represen
tative of the general population because participants were aged between 
55 and 75 years, had excess of weight and metabolic syndrome at 
baseline. However, the proportion of people with CMR factors is 
constantly growing and they could represent a significant part of high- 
income countries populations [1]. A further limitation of this study 
could be the dietary assessment performed, which could have contained 
some measurement errors and underestimation may have occurred. 
However, dietary information was collected though face-to-face in
terviews by trained dietitians using a validated FFQ [26,43,44]. More
over, the FFQ included a large variety of the most consumed foods in 
Spain (143 items) and UPF consumption was well represented by 36 
different items. Finally, NOVA classification is not a perfect system to 
classify UPF, thus some misclassification may have occurred. Never
theless, in the present study, a specialized working group composed by 
experts on nutritional epidemiology and dietitians were in charge of 
classifying all the FFQ foods according to the four NOVA food groups in 
order to minimize misclassification bias. 

This study also has several strengths. Our analyses were based on a 
large sample recruited in 23 different centres throughout the Spanish 
territory. In addition, all the main characteristics of the study were 
performed under a standardized protocol for all centres, including 
recruitment, dietary assessment, anthropometric measurements and 
collection of blood samples. The same information was collected three 
times during the first year of study (at baseline, 6 and 12 months of 
follow-up) and anthropometric measurements and blood pressure were 
also collected using standardized repeated measurements. 

To conclude, our results showed that compared with the lowest UPF 
consumption, the highest consumption was associated prospectively 
with unfavourable weight, body mass index, waist circumference, fast
ing blood glucose, glycated haemoglobin, triglycerides and triglycerides 
and glucose index in adults with metabolic syndrome after 12 months of 
follow-up. These results reinforce previous evidence on the negative 
impact of UPF consumption on cardiometabolic risk factors and 
emphasize the need to focus on reducing their consumption. However, 
the evidence about those associations is still limited and additional 
longitudinal studies are required to confirm these findings. 
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the NutriNet-santé prospective cohort, JAMA Intern. Med. 180 (2) (2020 Feb 1) 
283–291. 

[16] R. de D. Mendonça, A.C.S. Lopes, A.M. Pimenta, A. Gea, M.A. Martinez-Gonzalez, 
M. Bes-Rastrollo, Ultra-processed food consumption and the incidence of 

hypertension in a Mediterranean cohort: the seguimiento universidad de Navarra 
project, Am. J. Hypertens. 30 (4) (2017 Apr 1) 358–366. 

[17] R. de D. Mendonça, A.M. Pimenta, A. Gea, C. de la Fuente-Arrillaga, M.A. Martinez- 
Gonzalez, A.C.S. Lopes, et al., Ultraprocessed food consumption and risk of 
overweight and obesity: the University of Navarra Follow-Up (SUN) cohort study, 
Am. J. Clin. Nutr. 104 (5) (2016) 1433–1440. 

[18] F. Juul, E. Martinez-Steele, N. Parekh, C.A. Monteiro, V.W. Chang, Ultra-processed 
food consumption and excess weight among US adults, Br. J. Nutr. 120 (1) (2018 
Jul) 90–100. 
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Gortari, C. de la Fuente-Arrillaga, M. Bes-Rastrollo, Ultra-processed foods and type- 
2 diabetes risk in the SUN project: a prospective cohort study, Clin Nutr Edinb Scotl 
40 (5) (2021 May) 2817–2824. 
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