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Abstract: The consumption of ultra-processed foods (UPFs) has increased in recent decades, world-
wide. Evidence on the negative impacts of food processing on health outcomes has also been steadily
increasing. The aim of this study is to describe changes in consumption patterns of ultra-processed
foods in the Spanish population over time and their geographical variability. Data from four repre-
sentative cohorts of the Spanish population were used (1991–1996–2004–2008). Dietary information
was collected using a validated frequency questionnaire and categorized using the NOVA classifi-
cation. A total increase of 10.8% in UPF consumption between 1991 and 2008 was found in Spain
(p-value < 0.001). The products contributing most to UPF consumption were sugar-sweetened bev-
erages, processed meats, dairy products, and sweets. Those who consumed more ultra-processed
foods were younger (p-value < 0.001) and female (p-value = 0.01). Significant differences between the
different geographical areas of Spain were found. The eastern part of Spain was the area with the
lowest UPF consumption, whereas the north-western part was the area with the highest increase in
UPF consumption. Given the negative effect that the consumption of ultra-processed foods has on
health, it is necessary to implement public health policies to curb this increase in UPF consumption.

Keywords: ultra-processed foods; NOVA classification; geographic variability; dietary patterns

1. Introduction

Non-communicable diseases (NCDs) are the leading causes of disability and death
worldwide and currently account for more than half of the global burden of disease [1,2].
One of the main public health objectives is to prevent and combat the development of
the most prevalent non-communicable chronic diseases (cardiovascular disease, diabetes,
obesity, high blood pressure, chronic respiratory disease, and some types of cancer), which
are largely the result of excessive or unbalanced consumption of certain foods and/or
nutrients [3,4], among other factors. Conventional teaching and practice on nutrition and
health usually focuses on nutrients, or else on specific foods and drinks [5]. However, the
issue of food processing is largely ignored or minimized in food and nutrition, and also in
public health policies. It is now acknowledged that some of these chronic diseases have as
one of their major causes increased consumption of ultra-processed foods [6–8].

Ultra-processed foods (UPF) are industrial formulations performed from substances
derived from food or synthesized in laboratories (dyes, flavorings, and other additives).
These foods generally contain little or no natural foods, have also high amounts of fat, salt,
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or sugar, and low fiber, protein and micronutrients content [9,10]. They are distinguished as
food products of low nutritional quality [11–15]. In this group, a large variety of industrially
processed food products, such as some pastries, savory snacks, reconstituted meat products,
pre-prepared frozen dishes, and soft drinks, among other food items, are included.

Evidence on the relationships between food processing and health outcomes has been
increasing steadily in the last years. UPFs are prevalent in diets worldwide, contributing
from 20% to more than 60% of total energy intake, depending on the country and age
range [16–18]. UPFs account for more than 50% of total daily energy consumption in some
high-income countries, such as the United States [19], the United Kingdom [20], Aus-
tralia [21], and Canada [22]. The consumption of UPF has been associated with unhealthy
dietary patterns [11–13,15,23–28] and with overweight and obesity in studies conducted
in the United States [29], Canada [30], France [31], Brazil [32,33], and in most Latin Ameri-
can [34,35] and European [36] countries. Other recent cohort studies from Spain and France
found relationships between UPF and hypertension [37,38] and cancer [39], respectively.
In addition, some studies reported results on the negative effect of ultra-processed food
consumption on all-cause mortality [40–44].

Globally, between 1990 and 2010, the consumption of unhealthy food items worsened,
with heterogeneity across regions and countries [45]. Among unhealthy foods, consumption
of ultra-processed foods is on the rise [8,34,46] around the world. In Spain, the percentage
of ultra-processed foods of all food purchases almost tripled between 1990 and 2010 (from
11.0% to 31.7%) [47]. In addition, the burden of chronic non-communicable diseases also
increased by approximately 4% between 1990 and 2010 in Spain [48,49], and is estimated to
increase further in the forthcoming years. Several studies report that consumption of ultra-
processed foods in Spain accounts for approximately 24.4% of total energy intake [43,44],
but these studies calculate consumption at a given point in time. There are no previous
reports on the evolution of ultra-processed consumption over time (just about purchases)
and its geographical distribution in Spain. In this context of the growing trends in chronic
diseases, it is important to know the pattern of consumption of these products over time in
order to understand the connection between diet and public health. In addition, factors such
as cultural differences, education, personal tastes and traditions, geographic location, access
to technology, and health and health attitudes are known to influence food availability and
food preferences [50], so it is of particular interest to study the geographical distribution of
food consumption.

The aim of the study was to describe changes in the consumption pattern of ultra-
processed foods in the Spanish population over time (1991–1996–2004–2008), according to
eight geographical regions.

2. Materials and Methods
2.1. Design and Participants

The multicentre population-based study Diet and Risk of Cardiovascular Disease in
Spain (DRECE) was used as a substrate for analysis. DRECE [51] was designed in 1991 to
determine the real situation of the Spanish population with regard to the risk of cardio-
vascular disease (CVD), based on the prevalences of risk factors and their relationships
with dietary habits. DRECE I (1991) was a representative sample of the Spanish population
stratified by age, sex, and geographical areas. After 5 and 12 years, DRECE II (1996) and
DRECE III (2004), two subgroups of the original DRECE cohort, were undertaken. Nearly
20 years after the start of DRECE, the capacity to locate and re-screen cohort participants for
follow-up was reduced and biased to scientifically unprofitable extremes. For this reason, in
2008 the DRECE Institute for Biomedical Studies formulated a new breakthrough strategy
and undertook the DRECE IV study. To this end, a new cohort was recruited, with respect
to the initial distribution in eight geographical regions and the same conditions of DRECE I
to make it a representative sample of the current Spanish population and an extension
of the DRECE project. This study will compare the above mentioned DRECE cohorts.
DRECE I (1991) consists of 4787 persons, DRECE II (1996) consists of 1079 persons, DRECE
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III (2004) consists of 2009 persons, and DRECE IV (2008) consists of 5038 subjects with the
same geographical and population strata design as the initial population. All cohorts have
answered a food frequency questionnaire, designed and validated for epidemiological
studies in the Spanish population [52,53].

2.2. Geographical Areas

The geographical distribution was structured according to the area scheme of the food
consumption panel of the Ministry of Agriculture, Fisheries, and Food (MAPA, acronym in
Spanish) [54], previously described in Gómez Jerique et al. [51], and included the Canary
Islands, north-east, Levante (East), Andalucía (South), central-south, Castilla y León (west),
north-west, and north areas (Figure 1).
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Fisheries, and Food (MAPA).

2.3. Dietary Assessment

The estimation of ultra-processed food consumption was carried out through the data
collected in the dietary questionnaires. The first step in modelling dietary changes was
to classify all foods according to the NOVA classification, developed in Brazil and used
internationally in research [10,55]. The NOVA classification divides foods into four groups
according to their degrees of processing: Group 1, unprocessed/minimally processed foods;
Group 2, processed culinary ingredients; Group 3, processed products; Group 4, all ultra-
processed foods. The full list of the recorded foods in the food frequency questionnaire
and their NOVA classification is shown in supplemental Table S1. The kcal/day consumed
from ultra-processed foods and their percentages of total kcal were then determined.
Respondents with extreme total energy intakes (<200 kcal and > 5000 kcal) were excluded
from the analysis [15]. Those with an extremely low BMIs (BMI < 13) were also excluded.

2.4. Statistical Analysis

All statistical analyses were performed using SAS© software (SAS Institute Inc., Cary,
NC, USA), version 9.4 of the SAS System for Windows. Descriptive data are presented as
mean and standard deviation (SD) for continuous variables, and categorical variables are
expressed as absolute or relative frequencies. Food consumption according to the NOVA
classification in the different cohorts globally and by geographical area was described by
simple correspondence analysis. A ternary diagram represents this relationship [56,57].
A ternary diagram is a triangular graph that visualizes in a two-dimensional way the
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relationships between cohorts (represented by dots in the diagram) and the percentage
of food consumption according to the NOVA classification (represented on each of the
three axes). The study of the change in UPF consumption over time (between the four
different cohorts) was carried out using a multivariate mixed model adjusted for age, sex,
body mass index (BMI), and total energy intake. An unstructured covariance matrix was
used. The intercept was considered a random effect, and the rest of the variables were used
as fixed effects [58]. Comparisons between geographical areas were estimated using the
chi-square test or Fisher’s exact test for categorical variables, and for continuous variables
were estimated using ANOVAs. In each cohort, the consumption of ultra-processed foods
is represented by density maps according to the eight geographical areas. p-values < 0.05
were considered statistically significant.

3. Results

The final sample size included 4679 individuals in DRECE I, 928 individuals in DRECE
II, 1065 individuals in DRECE III, and 4835 individuals in DRECE IV. The demographic
characteristics of the four cohorts are shown in supplemental Table S2. Between 1991
and 2008, there was a general increase in total energy intake (kcal/day) in the Spanish
population (Table 1). Average consumption of ultra-processed foods (NOVA group 4) was
found to be 24.44% of the total energy intake in 1991 (DRECE I), 25.61% in 1996 (DRECE II),
27.48% in 2004 (DRECE III), and 31.09% in 2008 (DRECE IV) (Table 1). UPF consumption
changed over time also in both sexes, from 24.48% in males and 24.39% in females in 1991,
to 31.03% and 31.39%, respectively, in 2008. In addition, the same evolution was observed
according to age group and BMI (Table 1).

Table 1. Food intake according to the NOVA classification over time (DRECE cohorts) and distribution
of ultra-processed food consumption (NOVA 4) by sex, age, and BMI class.

DRECE I 1991 DRECE II 1996 DRECE III 2004 DRECE IV 2008

Total energy intake
(kcal/day) 2024.80 (727.09) 2362.49 (1197) 2373.91 (1068) 2441.01 (948.75)

NOVA classification
(% of energy)

NOVA 1 45.91 (13.33) 47.96 (15.58) 51.47 (14.01) 55.21 (12.13)

NOVA 3+2 29.65 (13.24) 26.43 (15.96) 21.05 (16.48) 13.70 (15.37)

NOVA 4 24.44 (13.95) 25.61 (16.29) 27.48 (19.17) 31.09 (19.24)

UPF consumption (NOVA 4) (% of energy)

By sex

Male 24.48 (13.89) 23.71 (16.76) 26.14 (19.72) 31.03 (17.57)
Female 24.39 (14.01) 27.83 (15.16) 29.01 (15.18) 31.39 (18.47)

By age group

5–24 32.79 (12.83) 31.69 (14.84) 33.72 (14.04) 34.12 (11.48)
25–49 19.81 (11.62) 24.70 (16.63) 26.70 (17.26) 27.91 (21.01)
50–75 16.13 (11.41) 19.39 (19.01) 22.01 (12.29) 25.14 (19.83)

By BMI class

Normal weight 16.96 (11.41) 23.67 (17.30) 22.76 (18.74) 27.93 (19.22)
Overweight 19.99 (12.45) 26.04 (16.15) 25.88 (19.86) 31.77 (18.90)

Obese 28.27 (13.85) 26.11 (15.06) 28.67 (18.67) 33.31 (21.15)
Data is shown as mean (SD).
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The mixed model shows a significant upward trend (all adjusted p-values <0.001)
in the consumption of ultra-processed products over the 17 years of the study, and a
10.79% ± 0.39 increase in the consumption of this type of product in Spain between 1991
and 2008 (Table 2). This increase over time can be seen in the ternary diagram (Figure 2). In
the ternary diagram, for better representation, the NOVA 2 and NOVA 3 groups are shown
together, as NOVA 2 represents a very low percentage of consumption, and it was decided
to unify processed culinary ingredients (NOVA 2) and processed foods (NOVA 3) into
one category. The axes of the diagram correspond to the percentages of foods belonging
to NOVA 1, NOVA 3+2, and NOVA 4 (these percentages are also shown in Table 1). The
points represented in the diagram correspond to the four cohorts (1991, 1996, 2004, and
2008) according to the amounts of products they included from each of the different NOVA
groups. As an example of an interpretation, using the 2008 cohort (DRECE IV), represented
with dashed lines in Figure 2, 31.09% of the food consumed corresponded to ultra-processed
foods (NOVA 4), 13.70% to processed foods (NOVA 3+2), and 55.21% to unprocessed or
minimally processed foods (NOVA 1). This interpretation can be made in the same way for
the rest of the points in the diagram.

As a result of the mixed model, it was also found that participants who consumed
the most UPF had significantly higher intakes of total energy (β = 1.86, p-value < 0.001)
and were mostly female (β = 1.06, p-value = 0.01) (Table 2). In addition, individuals
who consumed more ultra-processed foods were younger (β = −0.15, p-value < 0.001).
UPF consumption in young people remained above 30% at all time points (Table 1). No
association was found between UPF consumption and BMI (β = −0.05, p-value = 0.19)
(Table 2).
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Table 2. Mixed model coefficients for UPF consumption over time adjusted for age, sex, BMI, and
total energy intake.

Estimate Standard Error p

Intercept 24.49 1.21 <0.001
Time (Cohorts)
DRECE I 1991 Ref.
DRECE II 1996 5.31 0.62 <0.001
DRECE III 2004 9.63 0.66 <0.001
DRECE IV 2008 10.79 0.39 <0.001

Age (years) −0.15 0.01 <0.001
Sex

Male Ref.
Female 1.06 0.33 0.01

BMI (kg/m2) −0.05 0.04 0.19
Total energy intake (kcal/day) 1.86 0.19 <0.001

AIC:3156 8154 subjects included.

The main food groups contributing to ultra-processed food intake (>10% energy
contribution) were sugar-sweetened beverages (i.e., soft drinks) (18.41%), milkshakes and
juice boxes (17.53%), meat and meat products (16.38%), and dairy products (13.50%) in 1991;
dairy products (i.e., yogurts, ice cream, or Petit Suisse) (17.51%), meat and meat products
(15.06%), and sweets and cookies (11.79%) in 1996; meat and meat products (17.92%), dairy
products (14.01%), and sugar sweetened beverages (13.64%) in 2004; and industrial cakes
and pastries (19.69%), dairy products (17.41%), and sugar sweetened beverages (11.73%)
in 2008.

The geographical study shows that in all cohorts the sample was homogeneous in
terms of age and sex across the eight geographical areas (all p-values > 0.05) (Table 3).
Significant differences in BMI, total energy intake, and ultra-processed food consumption
were found between geographical areas at all time points (Table 3). When studying the
consumption of ultra-processed foods by geographical area, the same trend was observed
in all of them as in Spain as a whole: an increase over time in the consumption of this type
of product (Figure 3). During the 17 years of the study, there was an overall increase in the
consumption of ultra-processed foods of 11% in the north-west and north regions, 10.10%
in the north-east, 9.41% in the west, 8.38% in the east, 6.70% in the Canary Islands, 6.13% in
the south, and 5.20% in the central-south region.
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Table 3. Ultra-processed food (NOVA 4) intake and demographic characteristic by geographical area.

Geographical Areas p

DRECE I
1991 North-West North North-East West Central-South East South Canary Islands

n 514 422 683 341 913 553 1075 178
Age (years) 30.04 (15.61) 30.38 (15.59) 31.74 (15.59) 30.22 (15.50) 30.54 (15.73) 31.57 (15.58) 29.89 (15.50) 29.48 (16.04) 0.175
Sex (male) 249 (48.44%) 206 (48.82%) 331 (48.46%) 171 (50.15%) 440 (48.19%) 263 (47.56%) 539 (50.14%) 89 (50.00%) 0.977

BMI (kg/m2) 24.43 (4.61) 23.53 (4.48) 24.43 (4.83) 23.65 (4.47) 24.05 (5.10) 24.14 (4.73) 24.75 (5.68) 24.09 (5.63) 0.002
Total energy intake

(kcal/day) 1996.47 (641.84) 1942.73 (593.48) 2037.55 (707.23) 2152.04 (686.01) 2023.84 (693.92) 1964.44 (802.26) 2040.11 (796.11) 2109.13 (846.20) <0.001

NOVA classification
GROUP 4 (% of energy) 24.47 (14.45) 25.03 (12.95) 22.65 (13.75) 24.60 (12.94) 24.97 (14.00) 22.64 (14.02) 25.15 (14.05) 28.10 (15.16) <0.001

DRECE II
1996 North-West North North-East West Central-South East South Canary Islands

n 78 124 88 83 162 123 223 47
Age (years) 48.29 (13.75) 46.03 (14.45) 48.95 (13.64) 46.05 (15.11) 47.92 (14.95) 45.65 (15.35) 45.53 (14.93) 44.26 (15.88) 0.248
Sex (male) 51 (65.38%) 73 (58.87%) 54 (61.36%) 51 (61.45%) 97 (59.88%) 84 (68.29%) 130 (58.30%) 26 (55.32%) 0.415

BMI (kg/m2) 27.79 (3.76) 26.69 (4.03) 28.61 (3.70) 26.08 (4.06) 26.86 (4.68) 27.21 (4.14) 28.36 (5.49) 27.75 (6.02) <0.001
Total energy intake

(kcal/day) 2474.43 (1061) 2212.04 (751.12) 2576.62 (2016) 2359.88 (769.19) 2178.05 (862.04) 2625.60 (1149) 2441.92 (1459) 1919.39 (770.33) <0.001

NOVA classification
GROUP 4 (% of energy) 25.91 (15.78) 28.87 (15.90) 25.53 (16.11) 25.06 (17.82) 26.95 (17.41) 21.85 (15.71) 23.13 (15.28) 29.33 (15.12) 0.010

DRECE III
2004 North-West North North-East West Central-South East South Canary Islands

n 89 135 192 104 178 45 257 65
Age (years) 44.18 (15.66) 44.68 (15.13) 47.80 (16.14) 44.96 (16.01) 45.29 (17.18) 44.93 (14.66) 44.17 (14.05) 51.17 (15.40) 0.061
Sex (male) 42 (47.19%) 64 (47.41%) 86 (44.79%) 46 (44.23%) 72 (40.45%) 21 (46.67%) 116 (45.14%) 28 (43.08%) 0.954

BMI (kg/m2) 28.52 (5.02) 26.59 (4.72) 27.80 (5.36) 26.70 (4.74) 26.34 (4.59) 28.23 (5.11) 28.38 (5.85) 28.40 (4.91) <0.001
Total energy intake

(kcal/day) 2286.15 (1080) 2580.85 (1353) 2485.81 (1109) 2408.26 (969.91) 2518.23 (1254) 2368.07 (771.36) 2114.92 (756.77) 2311.56 (906.83) 0.002

NOVA classification
GROUP 4 (% of energy) 34.13 (18.02) 35.34 (15.59) 32.48 (12.55) 34.67 (14.78) 29.99 (19.68) 25.71 (11.57) 25.85 (13.51) 34.42 (12.85) <0.001
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Table 3. Cont.

Geographical Areas p

DRECE IV
2008 North-West North North-East West Central-South East South Canary Islands

n 562 370 833 373 1037 548 922 190

Age (years) 44.06 (14.91) 45.58 (15.13) 43.51 (14.32) 43.28 (14.45) 43.81 (14.70) 44.58 (15.32) 42.88 (14.21) 42.14 (14.25) 0.067
Sex (male) 251 (44.66%) 176 (47.57%) 404 (48.50%) 180 (48.26%) 469 (45.23%) 271 (49.45%) 411 (44.58%) 95 (50.00%) 0.372

BMI (kg/m2) 26.26 (4.13) 24.67 (3.82) 25.30 (4.23) 26.88 (3.91) 25.17 (4.13) 24.84 (3.96) 26.60 (4.46) 25.87 (4.54) 0.007
Total energy intake

(kcal/day) 2400.25 (910.08) 2382.53 (959.17) 2386.65 (985.88) 2490.63 (855.33) 2453.17 (860.99) 2432.02 (1021) 2491.67 (1003) 2530.22 (1001) 0.005

NOVA classification
GROUP 4 (% of energy) 35.47 (16.94) 36.02 (18.33) 32.75 (19.76) 34.01 (17.48) 30.17 (17.14) 31.03 (17.60) 31.28 (18.33) 34.80 (16.12) <0.001

Data is shown as mean (SD) or n (%).



Nutrients 2022, 14, 3223 9 of 16

Nutrients 2022, 14, x FOR PEER REVIEW 9 of 17 
 

 

 

Figure 3. Ternary diagram of the average percentage of energy intake in the NOVA classification 

over time by geographical area of Spain. 

In 1991, the region with the highest consumption of ultra-processed foods was the 

Canary Islands, and in 2008 it was the northern region. As can be seen in Figure 4, the 

region with the lowest consumption of ultra-processed foods was the east, which was the 

region with the lowest consumption in 1991 (22.64%), 1996 (21.85%), and 2004 (25.75%), 

and had the second lowest in 2008 (31.03%). The Canary Islands was the region with the 

highest consumption of ultra-processed foods in 1991 (28.10%) and 1996 (29.33%), and 

then the northern region was the region with the highest consumption of ultra-processed 

foods in 2004 (35.34%) and 2008 (36.03%). The central-south region went from having 

intermediate consumption in the early years to becoming the region with the lowest 

consumption of ultra-processed foods in 2008, at 30.17%. The southern region started as 

one of the regions with the highest consumption of ultra-processed foods in 1991, and 

ended up as one of the regions with lower consumption compared to the rest. The western 

and north-western regions started with intermediate consumption but were among the 

regions with the highest consumption in 2004 and 2008, respectively. The north-east 

region retained intermediate consumption values compared to the rest of the regions 

consistently (Figure 4). 

Figure 3. Ternary diagram of the average percentage of energy intake in the NOVA classification over
time by geographical area of Spain.

In 1991, the region with the highest consumption of ultra-processed foods was the
Canary Islands, and in 2008 it was the northern region. As can be seen in Figure 4, the
region with the lowest consumption of ultra-processed foods was the east, which was the
region with the lowest consumption in 1991 (22.64%), 1996 (21.85%), and 2004 (25.75%), and
had the second lowest in 2008 (31.03%). The Canary Islands was the region with the highest
consumption of ultra-processed foods in 1991 (28.10%) and 1996 (29.33%), and then the
northern region was the region with the highest consumption of ultra-processed foods in
2004 (35.34%) and 2008 (36.03%). The central-south region went from having intermediate
consumption in the early years to becoming the region with the lowest consumption of
ultra-processed foods in 2008, at 30.17%. The southern region started as one of the regions
with the highest consumption of ultra-processed foods in 1991, and ended up as one of
the regions with lower consumption compared to the rest. The western and north-western
regions started with intermediate consumption but were among the regions with the highest
consumption in 2004 and 2008, respectively. The north-east region retained intermediate
consumption values compared to the rest of the regions consistently (Figure 4).
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4. Discussion

About one third of daily energy intake was found to be provided by ultra-processed
foods (UPF) in the Spanish population. Estimates of UPF purchases calculated from national
household budget surveys (conducted in Europe between 1991 and 2008) showed that
the average household availability of UPF ranged from 10% of total purchased dietary
energy in Portugal to 50% in the UK [36]. In Spain, UPFs were found to contribute about
24–31% to total dietary energy (between 1991 and 2008), which is slightly higher than the
average usual proportion of daily energy intake from UPFs (26.4%) found in this study.
However, food consumption surveys often provide more details on the foods consumed
compared to household budget surveys, which are based on purchases. When looking at
published consumption data rather than household budget survey data, Spain is shown to
be a country with a low consumption of ultra-processed foods compared to other countries,
such as Canada (48%) [11], the United States (57.9%) [19], the United Kingdom (56.8%) [20],
Belgium (about 33%) [28], and France (35.9%) [31]. These differences may be due to the fact
that the data published in other countries correspond to different periods of time. They
also could be due to the Mediterranean diet, which is characterized by high consumption
of plant-based foods and fresh fruits, low consumption of red meat and other processed
foods, the use of olive oil as the main source of fat, and a moderate intake of wine during
meals [59]. In addition, other Mediterranean countries, such as Italy, also have lower UPF
consumption (18%) [60].

On the other hand, a negative shift in the pattern of food consumption was found.
UPF consumption has increased over time across the country. An increase of 10.79% in
UPF consumption was found between 1991 and 2008 in Spain, from 1 in 4 foods being
ultra-processed in 1991 to 1 in 3 in 2008, which is in line with the previously reported
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increase in UPF purchases between 1990 and 2010 in Spanish households [47]. As the
nutrition literature increasingly recognizes ultra-processed foods (UPF) to be unhealthy,
the diet in Spain can be considered increasingly unhealthy. This supports the evidence
that between 1990 and 2010, diets based on unhealthy items worsened worldwide [45].
This trend has also been shown in other countries, such as Belgium [28], Sweden [61], the
United Kingdom [20], and the United States [62]. This increase also parallels the growing
burden in Spain and worldwide of non-communicable diseases [48,49], of which excessive
consumption of ultra-processed foods is known to be one of the main causes [8,63]. The
exact reasons for this increase in UPF consumption are not known, but may include the
increased availability and accessibility of such products, as they are highly palatable and
inexpensive, increased consumption of prepared foods outside the home over the past few
decades, and aggressive and unregulated advertising of convenience foods, which may
promote overconsumption [46,64]. The main groups of UPFs consumed in Spain were sugar-
sweetened beverages; processed meats; dairy products; and sweets, biscuits, and cakes.
These data are in line with those provided by the European household budget surveys
(conducted between 1991 and 2008), where the most purchased UPFs were packaged
breads, cakes, sweets and cookies, meat products, and sugar-sweetened beverages [36].
This also agrees with the most consumed UPFs in the United Kingdom, Belgium, Canada,
and the United States [20,28,65]. It is worth noting that the consumption of processed
meats decreased between 1991 and 2008 in Spain, from 16.38% to less than 10%, and
the consumption of sugar-sweetened beverages from 18.41% to 11.73%. On the other
hand, consumption of processed dairy products increased from 13.50% to 17.41%, and
consumption of sweets from less than 10% to 19.69%. Similar results were found in young
people in the United States between 1999 and 2018, where there was also a decrease in
the consumption of sugar-sweetened beverages and an increase in the consumption of
sweets [62]; and also in Sweden where there was a slight decrease in consumption of
sugar-sweetened beverages between 2002 and 2010 [61]. This highlights the types of ultra-
processed products for which there is most need to reduce consumption in the population
and to implement policies to reduce their sales. Some countries, such as Uruguay [66] and
Brazil [67], already include the concept of UPFs in food guidelines; and other countries,
such as Mexico [68] and Hungary [69], have taken actions to limit the marketing of UPFs
through taxation. Such policies do not exist in Spain and should start to be implemented in
view of the evidence of the growing consumption of UPFs.

Young people consume the highest proportion of ultra-processed foods in their diets
in the Spanish population, consistently—above 30%. Other studies, such as those from
Belgium [28], the United States [70], Canada [11], Colombia [71], and Chile [26], have also
found that children consume the highest amounts of UPF compared to other age groups.
Given that young people are the highest consumers of UPFs, it could be beneficial to
implement health policies targeting this population stratum in order to raise awareness of
healthy food consumption. Higher UPF consumption was associated with higher BMI in
other studies [29,30,32,36,61,72,73], but no such association was detected in Spain. Females
consumed more UPF than males; this may be influenced by gender differences in food
choices. Females appear to exhibit more stress-related eating behaviors [74], which may
lead to higher UPF consumption.

Consumption of ultra-processed foods is high in all regions of Spain (21–36%). It is
notorious that factors such as palatability and the high commercialization of these foods
contribute to their presence in the eating habits of all families [75]. In addition, all regions
saw a progressive increase in the consumption of this type of food (5.2–11%) during the
17 years of the study, similar to the overall increase in Spain. The Canary Islands is one
of the regions with higher relative consumption of ultra-processed foods, which is in
agreement with the dietary pattern found in other studies on this region, in which it has
been characterized by high intakes of fats and carbohydrates (present at high levels in UPFs)
with respect to other regions of Spain [76]. The north, north-west, and west regions showed
worsening in their dietary patterns, being the regions with the highest increases in UPF
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consumption over time, and reaching the highest percentages of intake in 2008 (36%, 35.5%,
and 34% of total intake, respectively) together with the Canary Islands. This may be due to
the high carbohydrate and high fat consumption patterns of these regions, whose citizens
have also been reported to have high HDL lipid profiles [76]. The eastern region remained
over time one of the regions with the lowest consumption of UPFs, probably because it is
geographically located on the Mediterranean coast and may be more deeply linked to the
culture and traditions of a quality Mediterranean diet [77]. This has been evidenced by
recent studies finding an inverse association between UPF consumption and adherence to
the Mediterranean diet [78]. The north-east region retained average consumption over time,
probably also due to its adherence to the Mediterranean diet because of its geographical
position. Particularly, the southern and north-central regions are characterized by improved
consumption patterns compared to the rest of the regions, being the regions with the lowest
increases in UPF consumption over time. This is reflected in the micronutrient patterns
of these regions, where low carbohydrate and protein intake and a low HDL lipid profile
are reported [76]. The geographical variability found in UPF consumption in Spain has
some consistency with the economic data provided by the National Statistics Institute
(INE) [79]. The regions with the highest consumption of UPF in 2008 were those with the
lowest growth in per capita household income in the 2000s. Along the same lines, the
southern and central areas had the highest growth in per capita household income and the
lowest growth in UPF consumption.

All these results reinforce the increase in the consumption of ultra-processed foods
over the last few decades and the need for health policies that take into account the degree
of food processing to address the increasing intake of UPFs.

There are several strengths to this study. The use of a large, nationally representative
sample of the Spanish population maximizes generalizability. The testing of the same
hypothesis both cross-sectionally and over time lends credibility to our results. Self-reported
dietary intake data are less biased than purchasing data, as all meals consumed are included,
including those consumed away from home, which are more likely to be ultra-processed.
However, the study also has some limitations. Although the NOVA classification has
been questioned sometimes, it is simple and clear to apply; no better alternative has yet
been proposed. The food frequency questionnaire was not designed to collect data on
consumption of UPFs according to the NOVA classification. Each food item was classified
into its most likely NOVA group, but we cannot rule out misclassification of some foods.
Finally, to minimize information bias, validated procedures were used, and subjects with
inconsistent intake data were excluded. Finally, future studies in this field of research could
consider including more qualitative data.

5. Conclusions

There has been an increase in UPF consumption over time in Spain, namely, of ap-
proximately 10.8% between 1991 and 2008. About 21–36% of the average daily energy
intake is provided by UPFs, with differences depending on the geographical area. The
products contributing most to UPF consumption are sugar-sweetened beverages, processed
meats, dairy products, and sweets. Young people and females have the highest intakes of
ultra-processed foods. No correlation was found between UPF consumption and BMI. The
eastern part of Spain is the area with the lowest UPF consumption, and the north-western
part of Spain is the area with the highest increase in UPF consumption. Given the robust
scientific evidence associating UPF consumption with various adverse health outcomes,
realistic public health policies are needed to limit the availability, affordability, and market-
ing of UPFs. In addition, raising awareness through educational programs that promote
healthier food environments to individuals of all socio-demographic and socio-economic
categories, but especially to the youngest, would be useful to prevent further increases in
UPF consumption in Spain.
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