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Abstract: Introduction and objectives. Ultra-processed food (UPF) consumption has been associated
with increased incidence of cardiovascular disease and its risk factors. The aim of this study was
to assess, for the first time in the literature, the prospective association between UPF consumption
and the incidence of abdominal obesity (AO) in older adults. Methods. The study sample
consists of 652 participants in the Seniors Study on Nutrition and Cardiovascular Risk in Spain:
Seniors-ENRICA-1 study, (mean age 67, 44% women). At baseline, standardized anthropometric
measurements were collected (including abdominal circumference). After a median follow-up
of six years, the abdominal circumference was measured again, and the incidence of abdominal
obesity (AO) was calculated, defined as an abdominal perimeter >102 ¢cm in men and >88 cm
in women. At baseline, dietary information was collected using a computerized and validated
dietary history. Information was obtained on the usual diet in the previous year. A total number of
880 foods were classified according to their degree of processing following the NOVA classification.
Foods or drinks formulated mostly or entirely from substances derived from foods, with little or no
presence of the unaltered original food were classified as UPF. For each participant, the percentage of
energy from UPF was derived and sex-specific tertiles were calculated. Logistic regression models
were built and adjusted for sociodemographic, lifestyle, morbidity, and drug treatment variables.
Results. Among those participants without AO at baseline, 177 developed AO during follow-up.
The average consumption of UPF was 17% of total energy (7% in the first tertile; 29% in the third tertile).
The odds ratio (95% confidence interval) for incident AO risk when compared to the lowest tertile
was: 1.55 (0.99-2.44) for the second tertile of UPF consumption and 1.62 (1.04-2.54) for the third tertile;
p for linear trend: 0.037. Results remained statistically significant after adjusting for potential dietary
confounding factors such as fiber consumption, the intake of very long chain omega-3 fatty acids
and adherence to the Mediterranean diet. Conclusions. A higher UPF consumption is positively
associated with incident AO in older adults in Spain. These findings extend the current evidence of
the detrimental effect of UPF consumption on cardiometabolic health.

Keywords: ultra-processed food; abdominal obesity; longitudinal study; seniors-ENRICA-1 cohort;
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1. Introduction

In recent decades, the food industry has elaborated products characterized by their great taste,
ready availability, long shelf life, affordability and that are microbiologically safe. Some of these
foods are ultra-processed foods (UPF), and the NOVA classification has been widely used for their
identification. The NOVA classification categorizes foods according to the extent and purpose of their
industrial processing. According to this classification, UPF is the group that includes foods or drinks
formulated mostly or entirely from substances derived from foods, with little or no presence of the
unaltered original food. The NOVA classification also provides the population with an instrument that
easily distinguishes whether a food is UPF or not. Therefore, the NOVA classification may be useful
for both, research and food choices for the general population [1-3].

UPF is characterized by being rich in simple sugars, fats and salt, as well as being poor in
fiber and micronutrients [4]. They also contain a large number of additives such as flavorings
(e.g., phosphates), sweeteners, emulsifiers, colorings, wetting agents, hardeners, etc. In addition,
these products are attractively packaged and aggressively marketed to supply a growing market [2].
As a result, UPF consumption has grown in all countries, having exceeded 50% of energy consumption
in some Northern European countries [5], and 25% in some developing countries [6]. In Spain,
UPF consumption is a major concern due to the fact that, at the same time the consumption of UPF is
increasing, there is a decrease in the adherence to the Mediterranean diet, currently considered the
healthiest diet in the world [7].

Several ecological studies have shown that parallel to the increase in UPF consumption there
has also been an increase in the prevalence of general obesity [6,8], and so, UPF is now considered
an important contributor to the current obesogenic environment. UPF consumption has also been
associated with being overweight or having general obesity in several cross-sectional [9,10] and
longitudinal studies [11,12].

In older adults, abdominal obesity (AO) is a risk factor for cardio—metabolic diseases and acts
independently from general obesity [13], but very few studies have assessed the association between
UPF consumption and AO in this population. To our knowledge there is only one cross-sectional study
conducted in Brazil with 8977 middle-aged participants that found a positive association between UPF
consumption and abdominal circumference [11], and a cross-sectional study that found an association
between UPF consumption and metabolic syndrome as well as excess weight in US adults [14].

Therefore, the aim of this study was to assess, for the first time in the literature, the prospective
association between UPF consumption and incident AO in non-institutionalized older adults.

2. Participants and Methods

2.1. Study Population

Participants came from the Seniors-ENRICA-1 cohort, which was established during 2008-2010
with participants aged 60 and over in Spain. Data were collected by trained and qualified
personnel in 3 consecutive stages. At baseline, a telephone interview was conducted to collect
sociodemographic variables, lifestyles, cardiometabolic risk factors, warning signs and symptoms
of cardiovascular disease, as well as health status. Next, two home visits were conducted to
obtain blood and urine samples, measure anthropometric parameters and blood pressure and obtain
dietary information. In 2015, another wave of data collection was performed and included a telephone
interview and one home visit.

Of the 3521 participants in the baseline sample, 1618 were excluded due to loss to follow-up in
the years 2012 and 2015 (1002 and 616, respectively) and 82 due to death. Of the remaining 1821,
1040 were excluded because they had prevalent AO at baseline, defined according to the WHO criteria
(abdominal circumference >102 cm in men and >88 cm in women). We also excluded 129 participants
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with no data for waist circumference or extreme data in energy consumption (total energy intake out of
range: 800-5000 kcal/day in men or 500—4000 kcal/day in women). Finally, the study sample consisted
of 652 participants, of which 177 developed incident AO (Figure 1).

Subjects recruited at baseline (2008-2010)

7=3521 participants Losses in 2012: 7= 1.002
Losses in 2015: n=616
Deaths: 7= 82
n=1821 participants
Prevalent abdominal obesity
\ (2015): n = 1,040

n= 781 participants

Missing information on waist
circumference, weight or

- . liet: n =129
n = 652 participants e

177 cases of incident abdominal obesity

Figure 1. Flow chart of participants.

The study was approved by the Clinical Research Ethics Committee of the La Paz University Hospital.
All participants gave their informed consent in writing.

2.2. Study Variables

2.2.1. UPF Consumption and AO Assessment

Habitual food consumption was ascertained with a face-to-face dietary history (DH-ENRICA),
recording all food consumed in a typical week in the preceding year. It was validated against seven
24-hour recalls in the preceding year, obtaining high correlation coefficients [15]. DH-ENRICA was
developed base on the dietary history used in the EPIC cohort and included more than 860 foods,
30 different cooking methods and 120 photograph sets to help the participants to choose the serving sizes.
Trained and certified interviewers recorded the data. Food consumption for each participant was
classified into 4 groups by applying the NOVA classification [2,16]. The first group included unprocessed
or minimally processed foods. These are natural foods without added substances and directly extracted
from nature, which may or may not undergo minimal processing in order to preserve them better,
prolong their viability and availability in stores; they are edible parts of plants, animals, fungi, algae
or water (e.g., fruit, vegetables, cereal, seeds, fresh meat and fish, etc.). The second group included
processed culinary ingredients. These are products that come directly from nature or are derived
from group 1 and are used to preserve and extend the shelf life or to cook other foods from group 1
(e.g., oil, vinegar, honey, salt, sugar and butter). The third group is processed food that results from
combining and processing fresh or minimally processed foods with foods from group 2 in order to
increase their shelf life and/or modify their sensory qualities (e.g., canned vegetables, canned meats
and fish, fruit in syrup, etc.). Finally, the fourth group consists of UPF. This group includes foods or
drinks formulated mostly or entirely from substances derived from foods, with little or no presence of
the unaltered original food (e.g., soft drinks, snacks, cookies, candies, ice cream, pizzas, instant soups,
ultra-processed meat, etc.). See the Supplementary Materials for more details.

Waist circumference was measured by qualified personnel at baseline (years 2008-2010) and at the
end of follow-up (year 2015), during physical examinations at home visits. Incident AO was calculated
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according to WHO criteria as waist circumference >102 cm in men and >88 cm in women in 2015,
among those without AO at baseline.

2.2.2. Potential Confounding Variables

At baseline, we collected sociodemographic and lifestyle variables such as age, sex, educational
level (primary education or less, secondary education and university), marital status (married,
not married), smoking, ex-drinker status, physical activity in the household, physical activity during
leisure time, number of medications consumed daily (as a proxy for morbidity), as well as the
prevalence of chronic diseases diagnosed by a physician (chronic obstructive pulmonary disease/asthma,
coronary heart disease, stroke, heart failure, osteoarthritis, cancer or depression).

As proxies for a good diet quality, analyses were also controlled for fiber and intake of very
long-chain w-3 fatty acids, as well as for adherence to the Mediterranean diet. This latter was assessed
with a modified Mediterranean index based on the one used in the PREDIMED study [17], but we
excluded the items with UPF in their definition, so that, for the purpose of our work, the modified
Mediterranean index only included the following 8 items: Do you use olive oil as the principal source
of fat for cooking? How much olive oil do you consume per day (in spoons)? How many servings of
vegetables do you consume per day? How many pieces of fruit do you consume per day? How many
servings of pulses do you consume per week? How many servings of fish or shellfish/seafood do you
consume per week? How many servings of nuts do you consume per week? Finally, do you prefer to
eat chicken, turkey or rabbit meat instead of beef, pork, hamburgers or sausages?”

2.2.3. Statistical Analysis

The percentage of energy from UPF over the daily total energy intake was calculated for each
participant, and the sample was divided into sex-specific tertiles. Binary logistic regression models
were used to assess the association between UPF consumption and incident AO. The first (lowest) tertile
was considered as reference and odds ratios (OR) and their 95% confidence intervals (CI) were obtained.
The p for linear trend was calculated using the tertiles of the percentage of UPF consumption modeled
as a continuous variable.

We built four logistic regression models with consecutive adjustment levels: model 1 was adjusted
for sex and age; model 2 was further adjusted for sociodemographic variables (educational level and
marital status) and lifestyles (smoking, ex-drinking status, physical activity in the household and leisure
time physical activity); model 3 was further adjusted for clinical factors (number of medications per day
and number of chronic diseases); Finally model 4 was additionally adjusted for dietary variables (fiber
and very long chain omega-3 fatty acid consumption as well as adherence to the Mediterranean diet).
Furthermore, we carried out a sensitivity analysis on model 4 by adjusting for total energy consumption
according to the energy partitioning method [18].

The analyses were performed with STATA software version 14 for Windows (StataCorp LP,
College Station, TX, USA), setting the statistical significance at p < 0.05.

3. Results

Of the 652 participants selected for the analyses (55.7% men; mean age 67.1 + 5.8 years),
177 developed AO after 6 years of follow-up. The average percentage of energy consumption from
UPF was 17.3% in the whole sample (7.3% in the first tertile; 16.0% in the second tertile and 28.7% in
the third tertile). Participants in the highest tertile of UPF intake also consumed more total energy,
had lower intake of very long chain omega-3 fatty acids and less adherence to the Mediterranean diet
when compared with participants in the first (lowest) tertile (Table 1).
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Table 1. Baseline sociodemographic and lifestyle characteristics of participants according to sex-specific
tertiles of ultra-processed food consumption (% of energy) in the Seniors Study on Nutrition and
Cardiovascular Risk in Spain: Seniors-ENRICA 1 Study (2008-2010).

Ultra-Processed Food Consumption (% of Total Energy)

Total Tertile 1 Tertile 2 Tertile 3
Characteristics (1 = 652) (Lowest) = 217) (Highest) p for Linear Trend
(n=217) (n =218)

Total energy (kcal/day), mean + SD 2052 + 561 1954 + 530 2062 + 566 2142 + 573 <0.001
Consumption of ultra-processed 17.3 +10.17 7.25 + 3.24 16.02 £ 2.87 28.69 + 7.66 <0.001
foods (% of energy), mean + SD

Women (%) 44.3% 44.7% 44.2% 44.0% 0.89
Age, mean + SD 67.08 + 5.8 67.4 + 6.06 67.04 +5.37 66.8 +5.99 0.28
Educational level (%) 0.86*
Primary 40.5% 41.0% 42.9% 37.6%
Secondary 29.9% 29.5% 28.1% 32.1%
University 29.6% 29.5% 29.0% 30.3%
Married (%) 75.5% 75.6% 74.7% 76.2% 0.89
Tobacco consumption (%) 0.08 *
Smokers 14.6% 11.1% 15.7% 17%
Ex-smoker 29.9% 31.8% 26.7% 31.2%
Non-smoker 55.5% 57.1% 57.6% 51.8%
Ex-drinker, (%) 7.7% 10.6% 3.2% 9.1%
Physical Activity (METs-h/week),
mean + SD
In the household 35.18 + 28.81 37.17 + 30.96 33.10 + 27.03 35.31 +28.31 0.50
At leisure time 24.61 +16.10 25.24 +16.83 24.50 £ 15.6 24.10 + 15.90 0.46
Number of medications per day, 146 + 1.63 148 + 1.63 155+ 1.73 1.36 + 1.54 0.46
mean + SD
Number of chronic diseases (%), 0.52 = 0.64 0.55 + 0.66 0.49 = 0.62 0.52 + 0.64 0.68
mean + SD
Fiber (g/day), mean + SD 25.31 + 8.48 26.10 £ 9.40 25.13 +£8.32 24.73 +7.62 0.10
Very long chain omega-3 fatty acids 1.02 + 0.88 117 £ 1.11 1.01 +0.77 0.88 + 0.70 <0.001
(g/day), mean + SD
Adherence to the Mediterranean 3.02+1.32 344 +1.40 3.03+121 2.60 +1.20 <0.001

diet **, mean + SD

SD: standard deviation; * Pearson’s chi-squared was calculated. ** Adherence to the Mediterranean diet was
calculated with a modified Mediterranean index including 8 items that did not have ultra-processed food in
their definition. The cutoff points for tertiles of the percentage of energy from ultra-processed food were: Tertile 1
(0.14-12.4), Tertile 2 (12.5-22.4), Tertile 3 (22.5-62.2) in men; Tertile 1 (0-10.5), Tertile 2 (10.6-19.30), Tertile 3
(19.31-57.5) in women.

In the multivariable analyses, participants with a higher UPF consumption were more likely to
develop AO. The OR (95% CI) for the risk of AO was 1.55 (0.99-2.44) for the second tertile and 1.62
(1.04-2.54) for the third tertile when compared to the first tertile of UPF consumption (p for linear
trend: 0.037) (Table 2, model 3).

Table 2. Risk of abdominal obesity according to tertiles of ultra-processed food consumption in the
Seniors-ENRICA 1 study.

Ultra-Processed Food Consumption (% of Energy)

Tertile 1 (Lowest) Tertile 2 Tertile 3 (Highest)  p for Linear Trend
n 217 217 218
Abdominal obesity cases 46 65 66
Model 1, OR (95% CI) 1 (Ref.) 1.62 (1.04-2.51) 1.64 (1.06-2.56) 0.029
Model 2, OR (95% CI) 1 (Ref.) 1.58 (1.00-2.47) 1.61 (1.03-2.51) 0.041
Model 3, OR (95% CI) 1 (Ref.) 1.55 (0.99-2.44) 1.62 (1.04-2.54) 0.037
Model 4, OR (95% CI) 1 (Ref.) 1.54 (0.98-2.44) 1.61 (1.01-2.56) 0.048

OR: odds ratio; CI: confidence interval; Model 1: adjusted for age and sex; Model 2: adjusted as in model 1 plus
educational level, marital status, smoking, ex-drinker status, physical activity in the household and at leisure time;
Model 3: adjusted as in model 2 plus the number of medications consumed per day and the number of chronic
diseases diagnosed by a doctor (chronic obstructive pulmonary disease/asthma, coronary heart disease, stroke,
heart failure, osteoarthritis or depression); Model 4: adjusted as in model 3 plus daily intake of fiber, intake of very
long chain omega-3 fatty acid and the 8-point index of adherence to the Mediterranean diet.
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Results remained statistically significant after adjusting for nutritional variables such as fiber intake,
intake of very long chain omega-3 fatty acids and adherence to the Mediterranean diet (Table 2, model 4).
A sensitivity analysis was carried out by adjusting for total energy intake and, again, similar results
were obtained; the ORs for AO were 1.84 (1.05-3.23) for the second tertile and 2.55 (1.04—6.27) for the
third tertile when compared to the lowest UPF consumption tertile (p for linear trend: 0.032).

The food groups that contributed the most to this association were non-alcoholic beverages
(including instant coffee drinks, cocoa drinks and packaged fruit juices), spirits, meat products and
soft drinks. However, none of these UPF subgroups achieved statistical significance when comparing
individually the extreme tertiles. Non-alcoholic beverages showed a significant linear trend when
including tertiles as a continuous variable in the models (Figure 2).

Ultra-processed food intake by food groups (% energy) Odds Ratio [95% Cl) p for linear trend
Breads —_— 1.02 (0.58-1.79) 0.75
Cookies ——— 1.22 (0.74-2.02) 0.42
Cakes and pastries —_— 0.87 (0.48-1.61) 0.83
Breakfast cereals —_— 0.81(0.48-1.36) -
Yogurts and fermented milks —_— 0.89 (0.52-1.53) 0.69
Dairy desserts —— 1.33 (0.87-2.04) -
Meat and meat products o S 1.44 (0.92-2.25) 0.11
Jams and confectionery 0.58 (0.33-1.02) 0.05
Sauces and dressings —— 1.11(0.72-1.72) 0.61
Pre-cooked dishes — 1.33 (0.85-2.08) 0.22
Soft drinks [P 1.43 (0.78-2.63)

Non-alcoholic beverages S 1.62 (0.97-2.72) 0.04
Spirits — 1.51 (0.84-2.74)
I 1 1 1
t t t t
0.2 05 2 ]

Figure 2. Odds ratio of abdominal obesity risk and 95% confidence intervals (95% Cls) for tertile
(highest intake) of groups of ultra-processed food consumption as a percentage of total energy (% of
energy) versus Tertile 1 (lowest intake), in the Seniors-ENRICA 1 cohort study. n = 652. When the intake
of ultra-processed food from a specific food group occurred in less 25% of the participants, the odds
ratio (95% CI) was calculated between subjects who consumed the food compared to those who did not
(as in breakfast cereals, dairy desserts, soft drinks and spirits). p for linear trend was calculating using
tertiles as a continuous variable. Model was adjusted for sex, age, level of education, marital status,
tobacco consumption, ex-drinker status, physical activity at household, physical activity at leisure
time, number of medications used, number of chronic diseases (respiratory disease, coronary disease,
stroke, osteoarthritis/arthritis and depression), fiber intake, long-chain w-3 fatty acids intake and
Mediterranean diet adherence. Other non-alcoholic beverages group includes instant coffee drinks and
cocoa drinks, packaged juices and other non-alcoholic drinks, excluding soft drinks.

4. Discussion

Older adults from Spain had relatively low UPF consumption (17.3% of total energy), although there
was a wide variation indicating heterogeneous consumption habits in this population. After six years
of follow-up, higher UPF consumption was associated with an increased risk of AO. This increased
risk of AO was observed with relatively low consumption of UPF (average consumption 28.7% in the
highest tertile). This association was maintained after adjusting for some healthy dietary variables
such as dietary fiber consumption, intake of very long chain omega-3 fatty acids from fish, adherence
to the Mediterranean diet and energy consumption, indicating that UPF consumption could also act
thorough other additional mechanisms.

The association between UPF consumption and AO was previously assessed in a cross-sectional
study conducted on a sample of middle-aged participants from Brazil. They had a UPF consumption
average of 22.7% (slightly higher than in this study), and a higher UPF consumption was associated
with a higher waist circumference [11]. We found no other studies that looked at UPF consumption as
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a whole, but there is evidence that some UPF groups are individually associated with AO. For example,
a longitudinal analysis of the PREDIMED study found that in patients with high cardiovascular risk,
increased consumption of some UPF (e.g., ultra-processed meat) was associated with increased waist
circumference. However, in this study, most foods were not classified according to their degree of
processing and UPF consumption was not assessed as a whole [19].

There are several potential mechanisms for the association between UPF and AO. UPF have
a high energy density that delays the signals of satiety [2], and larger portions of these foods
are usually consumed [20]. Another mechanisms could be their low nutritional quality, with a
high content of saturated fatty acids, trans-fatty acids, refined sugars and low content of fiber,
vitamins and antioxidants [21]. In addition, new substances are generated in food processing,
for example during packaging, moisture removal, heat treatments, cooling and freezing, acidity control
and irradiation. A well-known example is phthalates, which are present in plastic packages and
could act as endocrine disruptors after food contamination [22]. Finally, additives are of particular
concern [23]. Some of them, such as sulfites or phosphates have shown adverse effects on cardiovascular
health [24].

The social and health relevance of AO development in the older adult population is enormous.
First, because 61.6% of the older adults in Spain already have AO, with this prevalence being even higher
among women (69.7%) [25]. Second, because this population already has many cardiovascular risk
factors including tobacco consumption, low physical activity, high total cholesterol levels, high blood
pressure and impaired glycemic metabolism, with very little reaching of ideal cardiovascular metrics [26].
Third, because AO is associated with increased risk of disability, mainly related to mobility and agility,
and this risk is independent of BMI [27]. Fourth, because increased fat mass in this population may be
associated with sarcopenic obesity [28]. Fifth, because UPF consumption has been associated with
frailty syndrome in this population [3]. Moreover, finally, because once AO is established, it is very
difficult to reverse it at older ages.

This study expands the evidence of the harmful effects of UPF consumption on
cardiometabolic health. Previously, UPF consumption has been associated with increased overweight
and general obesity [10], hypertension [29], dyslipidemia [30], diabetes [31], incident cardiovascular
diseases [32], depression [33], and all-cause mortality [34]. Gathering evidence on the deleterious effect
of UPF consumption is important because it is a universal and ubiquitous exposure, affecting all ages.
In addition, we unfortunately do not know the influence of this prolonged exposure over time, but it
is possible to venture that some UPF substances that act as endocrine disruptors may have a role in
increasing metabolic diseases in the future. Further research should move towards understanding the
specific components and in particular UPF food subgroups that are most associated with an increased
risk of disease.

Government agencies have begun to take some Public Health measures regarding
UPF consumption. For example, the implementation of the Nutri-score labeling on the front of
packaging is a step in the right direction. This labeling has been shown to increase the nutritional
quality of the shopping basket, helping consumers make healthier choices [35]. However, some of these
proposals are based only on nutritional composition and do not take into account other chemicals or
additives found in UPE. Another important step will be the validation of mobile applications that allow
you to know the degree of processing of the products and their content in deleterious health additives.
Many of these initiatives require the use of a system of product codes that could be standardized in
the future. The industry must also make economic and production changes to offer healthier food
to consumers. These changes are often brought about by the implementation of regulations at a national
or an international level [36] or by significant social pressure. There is a growing social awareness that
calls for the possibility to make healthy choices for consumers and this social awareness is expected to
increase in the future. In addition, there are positive initiatives such as “power” (“poder” in Spanish)
that proposes changes in advertising, supply, demand, labeling and food reformulation [37].
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This research has several limitations. First, although the NOVA classification is the most
widely used, it is not without its critics, because of possible inaccuracies in UPF classification [38].
However, we think that these inaccuracies may lead to an erroneous non-differential misclassification
in the exposure that biases towards the null. Furthermore, our data collection instrument allows us to
distinguish foods according to the processing they have undergone, and therefore we think this error
is potentially small. On the other hand, this classification is easy to understand for an older person
who must make the purchase, which in turn facilitates the communication of the results to society.
Additionally, it allows for comparison with other studies that have used the same classification.
Second, the number of people who have developed incident AO was low, in part because of the
enormous number of participants who were already suffering from AO at the beginning of the
study. Thus, although the statistical power was sufficient to find statistically significant relationships,
it has not allowed us to disaggregate by sex, and the power for a subgroup study is limited. Third,
repeated dietary measurements were not taken into account, and it is possible that an increase in
UPF consumption happened during follow-up. It is assumed that diet worsens over time due to
marketing and the increased availability of UPF, and subsequently this lack of precision in the exposure
assessment may bias to the null. Finally, we cannot rule out some degree of residual confounding.

Among the strengths of our study are the longitudinal design as well as the initial use of a
representative sample of older adults from Spain. In addition, the use of standardized protocols and
trained personnel for the collection of anthropometric variables reduces classification bias. Finally,
numerous confounding variables were used in the adjustment yielding robust results in different models.

In conclusion, UPF consumption is associated with an increase in the incidence of AO in the
non-institutionalized Spanish population of older adults. This finding extends the accumulated
evidence of the detrimental effects of UPF on cardiometabolic health, and they should stimulate the
food industry to decrease the obesogenic nature of the products they develop.

Supplementary Materials: The following are available online at http://www.mdpi.com/2072-6643/12/8/2368/s1,
Supplementary Material: Total food items considered in the ENRICA study (2008-10) according to the extent of
processing (NOVA classification).

Author Contributions: Conceptualization, H.S.-I. and P.G.-C.; methodology, H.S.-I. and P.G.-C.; formal analysis,
M.J.-O., C.D.-V. and ].R.-G.; writing—original draft preparation, H.S.-I., M.].-O., and P.G.-C.; writing—review and
editing, H.S.-I,, M.].-O., C.D.-V,, ] R.-G., ] R.B., ER.-A,, and P.G.-C,; supervision, H.S.-I. and P.G.-C.; All authors
have read and agreed to the published version of the manuscript.

Funding: FIS grants 17/1709, 19/319 and 19/665 (Instituto de Salud Carlos III, State Secretary of R + D + I and
FEDER/FSE), the CIBERESP (Instituto de Salud Carlos III).

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Food and Agriculture Organization of The United Nations. Guidelines on the Collection of Information on
Food Processing through Food Consumption Surveys. 2015. Available online: http://www.fao.org/3/a-i4690e.
pdf (accessed on 6 August 2020).

2. Monteiro, C.A.; Cannon, G.; Moubarac, J.C.; Levy-Costa, R.B.; Louzada, M.L.C.; Jaime, P.C. The UN Decade
of Nutrition, the NOVA food classification and the trouble with ultra-processing. Public Health Nutr. 2017,
21,5-17. [CrossRef]

3.  Sandoval-Insausti, H.; Blanco-Rojo, R.; Graciani, A.; Lépez-Garcia, E.; Moreno-Franco, B.; Laclaustra, M.;
Donat-Vargas, C.; Ordovas, ].M.; Rodriguez-Artalejo, F.; Guallar-Castillon, P. Ultra-processed Food
Consumption and Incident Frailty: A Prospective Cohort Study of Older Adults. ]. Gerontol. Ser. A
Boil. Sci. Med. Sci. 2019, 75, 1126-1133. [CrossRef]

4. Adams, J.; White, M. Characterisation of UK diets according to degree of food processing and associations
with socio-demographics and obesity: Cross-sectional analysis of UK National Diet and Nutrition Survey
(2008-12). Int. J. Behav. Nutr. Phys. Act. 2015, 12, 160. [CrossRef] [PubMed]


http://www.mdpi.com/2072-6643/12/8/2368/s1
http://www.fao.org/3/a-i4690e.pdf
http://www.fao.org/3/a-i4690e.pdf
http://dx.doi.org/10.1017/S1368980017000234
http://dx.doi.org/10.1093/gerona/glz140
http://dx.doi.org/10.1186/s12966-015-0317-y
http://www.ncbi.nlm.nih.gov/pubmed/26684833

Nutrients 2020, 12, 2368 90f 10

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Slimani, N.; Deharveng, G.; Southgate, D.A.T.; Biessy, C.; Chajes, V.; Van Bakel, EM.M.; Boutron-Ruault, M.C.;
McTaggart, A.; Grioni, S.; Verkaik-Kloosterman, J.; et al. Contribution of highly industrially processed foods
to the nutrient intakes and patterns of middle-aged populations in the European Prospective Investigation
into Cancer and Nutrition study. Eur. J. Clin. Nutr. 2009, 63, S206-5225. [CrossRef]

Monteiro, C.A.; Moubarac, J.-C.; Levy-Costa, R.B.; Canella, D.S.; Louzada, M.L.D.C.; Cannon, G. Household
availability of ultra-processed foods and obesity in nineteen European countries. Public Health Nutr. 2017, 21,
18-26. [CrossRef]

Leén-Muiioz, L.M.; Guallar-Castillon, P.; Lopez-Garcia, E.; Rodriguez-Artalejo, F. Mediterranean Diet and
Risk of Frailty in Community-Dwelling Older Adults. J. Am. Med. Dir. Assoc. 2014, 15, 899-903. [CrossRef]
Juul, F; Hemmingsson, E. Trends in consumption of ultra-processed foods and obesity in Sweden between
1960 and 2010. Public Health Nutr. 2015, 18, 3096-3107. [CrossRef]

Nardocci, M.; Leclerc, B.-S.; Louzada, M.-L.; Monteiro, C.A.; Batal, M.; Moubarac, J.-C. Consumption of
ultra-processed foods and obesity in Canada. Can. J. Public Health 2018, 110, 4-14. [CrossRef]

Mendonga, R.D.D.; Pimenta, AM.; Gea, A.; De La Fuente-Arrillaga, C.; Martinez-Gonzélez, M.A.;
Lopes, A.C.S.; Bes-Rastrollo, M. Ultraprocessed food consumption and risk of overweight and obesity:
University of Navarra Follow-Up (SUN) cohort study. Am. J. Clin. Nutr. 2016, 104, 1433-1440. [CrossRef]
Silva, F,; Giatti, L.; De Figueiredo, R.C.; Molina, M.D.C.B.; Cardoso, L.D.O.; Duncan, B.B.; Barreto, S.M.
Consumption of ultra-processed food and obesity: Cross sectional results from the Brazilian Longitudinal
Study of Adult Health (ELSA-Brasil) cohort (2008-2010). Public Heal. Nutr. 2018, 21, 2271-2279. [CrossRef]
Juul, E; Steele, E.M.; Parekh, N.; Monteiro, C.A.; Chang, V.W. Ultra-processed food consumption and excess
weight among US adults. Br. J. Nutr. 2018, 120, 90-100. [CrossRef] [PubMed]

Hirani, V. Generalised and abdominal adiposity are important risk factors for chronic disease in older people:
Results from a nationally representative survey. J. Nutr. Heal. Aging 2011, 15, 469-478. [CrossRef]

Steele, E.M.; Juul, E; Neri, D.; Rauber, F.; Monteiro, C.A. Dietary share of ultra-processed foods and metabolic
syndrome in the US adult population. Prev. Med. 2019, 125, 40-48. [CrossRef]

Guallar-Castillon, P,; Sagardui-Villamor, J.; Balboa-Castillo, T.; Sala-Vila, A.; Astolfi, M.].A.; Pelous, M.D.S;
Leon-Mufioz, L.M.; Graciani, A.; Laclaustra, M.; Benito, C.; et al. Validity and Reproducibility of a Spanish
Dietary History. PLoS ONE 2014, 9, e86074. [CrossRef]

Monteiro, C.A.; Cannon, G.; Levy, R.B.; Moubarac, ] .-C.; Jaime, P; Martins, A.P.; Canella, D.; Louzada, M.L.;
Parra, D. The stars shines brigh’. World Nutr. 2016, 7, 28-38.

Papadaki, A.; Johnson, L.; Toumpakari, Z.; England, C.Y.; Rai, M.; Toms, S.; Penfold, C.; Zazpe-Garcia, IL;
Martinez-Gonzalez, M.A.; Feder, G. Validation of the English Version of the 14-Item Mediterranean Diet
Adherence Screener of the PREDIMED Study, in People at High Cardiovascular Risk in the UK. Nutrients
2018, 10, 138. [CrossRef] [PubMed]

Hu, EB.; Stampfer, M.].; Rimm, E.; Ascherio, A.; Rosner, B.; Spiegelman, N.; Willett, W.C. Dietary fat and
coronary heart disease: A comparison of approaches for adjusting for total energy intake and modeling
repeated dietary measurements. Am. J. Epidem. 1999, 149, 531-540. [CrossRef]

Konieczna, J.; Romaguera, D.; Pereira, V.; Fiol, M.; Razquin, C.; Estruch, R.; Asensio, E.M.; Babio, N.; Fito, M.;
Gomez-Gracia, E.; et al. Longitudinal association of changes in diet with changes in body weight and waist
circumference in subjects at high cardiovascular risk: The PREDIMED trial. Int. |. Behav. Nutr. Phys. Act.
2019, 16, 139. [CrossRef]

Matthiessen, J.; Fagt, S.; Biltoft-Jensen, A.P.; Beck, A.M.; Ovesen, L. Size makes a difference. Public Heal. Nutr.
2003, 6, 65-72. [CrossRef]

Poti, ] M.A.; Mendez, M.; Popkin, B.M.; Popkin, B.M. Is the degree of food processing and convenience
linked with the nutritional quality of foods purchased by US households? Am. J. Clin. Nutr. 2015, 101,
1251-1262. [CrossRef]

Serrano, S.E.; Braun, ].M.; Trasande, L.; Dills, R.; Sathyanarayana, S. Phthalates and diet: A review of the
food monitoring and epidemiology data. Environ. Heal. 2014, 13, 43. [CrossRef] [PubMed]

Scotter, M.].; Castle, L. Chemical interactions between additives in foodstuffs: A review. Food Addit. Contam.
2004, 21, 93-124. [CrossRef] [PubMed]

Kendrick, J.; Kestenbaum, B.; Chonchol, M.; Kestenbaum, B. Phosphate and cardiovascular disease.
Adv. Chronic Kidney Dis. 2011, 18, 113-119. [CrossRef]


http://dx.doi.org/10.1038/ejcn.2009.82
http://dx.doi.org/10.1017/S1368980017001379
http://dx.doi.org/10.1016/j.jamda.2014.06.013
http://dx.doi.org/10.1017/S1368980015000506
http://dx.doi.org/10.17269/s41997-018-0130-x
http://dx.doi.org/10.3945/ajcn.116.135004
http://dx.doi.org/10.1017/S1368980018000861
http://dx.doi.org/10.1017/S0007114518001046
http://www.ncbi.nlm.nih.gov/pubmed/29729673
http://dx.doi.org/10.1007/s12603-011-0051-3
http://dx.doi.org/10.1016/j.ypmed.2019.05.004
http://dx.doi.org/10.1371/journal.pone.0086074
http://dx.doi.org/10.3390/nu10020138
http://www.ncbi.nlm.nih.gov/pubmed/29382082
http://dx.doi.org/10.1093/oxfordjournals.aje.a009849
http://dx.doi.org/10.1186/s12966-019-0893-3
http://dx.doi.org/10.1079/PHN2002361
http://dx.doi.org/10.3945/ajcn.114.100925
http://dx.doi.org/10.1186/1476-069X-13-43
http://www.ncbi.nlm.nih.gov/pubmed/24894065
http://dx.doi.org/10.1080/02652030310001636912
http://www.ncbi.nlm.nih.gov/pubmed/14754633
http://dx.doi.org/10.1053/j.ackd.2010.12.003

Nutrients 2020, 12, 2368 10 of 10

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Gutiérrez-Fisac, J.L.; Guallar-Castillon, P; Ledn-Mufioz, LM., Graciani, A.; Banegas, J.R;
Rodriguez-Artalejo, F. Prevalence of general and abdominal obesity in the adult population of Spain,
2008-2010: ENRICA study. Obes. Rev. 2011, 13, 388-392. [CrossRef]

Graciani, A.; Garcia-Esquinas, E.; Lopez-Garcia, E.; Banegas, J.R.; Rodriguez-Artalejo, F. Ideal Cardiovascular
Health and Risk of Frailty in Older Adults. Circ. Cardiovasc. Qual. Outcomes 2016, 9, 239-245. [CrossRef]
Guallar-Castillon, P.; Sagardui-Villamor, J.; Banegas, J.R.; Graciani, A.; Fornés, N.S.; Garcia, E.L.;
Rodriguez-Artalejo, F. Waist Circumference as a Predictor of Disability among Older Adults*. Obesity
2007, 15, 233. [CrossRef]

Stenholm, S.; Harris, T.B.; Rantanen, T.; Visser, M.; Kritchevsky, S.B.; Ferrucci, L. Sarcopenic obesity:
Definition, cause and consequences. Curr. Opin. Clin. Nutr. Metab. Care 2008, 11, 693-700. [CrossRef]
Mendonga, R.D.D.; Lopes, A.C.S.; Pimenta, A.M.; Gea, A.; Martinez-Gonzalez, M.A.; Bes-Rastrollo, M.
Ultra-Processed Food Consumption and the Incidence of Hypertension in a Mediterranean Cohort:
The Seguimiento Universidad de Navarra Project. Am. |. Hypertens. 2016, 30, 137. [CrossRef]

Rauber, E.; Campagnolo, P.; Hoffman, D.; Vitolo, M.R. Consumption of ultra-processed food products and its
effects on children’s lipid profiles: A longitudinal study. Nutr. Metab. Cardiovasc. Dis. 2015, 25, 116-122.
[CrossRef]

Srour, B.; Fezeu, L.K.; Kesse-Guyot, E.; Alles, B.; Debras, C.; Druesne-Pecollo, N.; Chazelas, E.; Deschasaux, M.;
Hercberg, S.; Galan, P; et al. Ultraprocessed Food Consumption and Risk of Type 2 Diabetes Among
Participants of the NutriNet-Santé Prospective Cohort. JAMA Intern. Med. 2020, 180, 283. [CrossRef]

Srour, B.; Fezeu, L K.; Kesse-Guyot, E.; Alles, B.; Méjean, C.; Andrianasolo, R.M.; Chazelas, E.; Deschasaux, M.;
Hercberg, S.; Galan, P; et al. Ultra-processed food intake and risk of cardiovascular disease: Prospective
cohort study (NutriNet-Santé). BM]J 2019, 365, 11451. [CrossRef] [PubMed]

Goémez-Donoso, C.; Sanchez-Villegas, A.; Martinez-Gonzalez, M.A.; Gea, A.; Mendonga, R.D.D,;
Lahortiga-Ramos, F.; Bes-Rastrollo, M. Ultra-processed food consumption and the incidence of depression in
a Mediterranean cohort: The SUN Project. Eur. J. Nutr. 2019, 59, 1093-1103. [CrossRef] [PubMed]
Blanco-Rojo, R.; Sandoval-Insausti, H.; Lopez-Garcia, E.; Graciani, A.; Ordovas, ].M.; Banegas, J.R.;
Rodriguez-Artalejo, F.; Guallar-Castillon, P. Consumption of Ultra-Processed Foods and Mortality: A National
Prospective Cohort in Spain. Mayo Clin. Proc. 2019, 94, 2178-2188. [CrossRef] [PubMed]

Finkelstein, E.A.; Ang, E].L.; Doble, B.; Wong, WH.M.; Van Dam, R M. A Randomized Controlled Trial
Evaluating the Relative Effectiveness of the Multiple Traffic Light and Nutri-Score Front of Package Nutrition
Labels. Nutrition 2019, 11, 2236. [CrossRef] [PubMed]

Moodie, R.; Stuckler, D.; Monteiro, C.; Sheron, N.; Neal, B.; Thamarangsi, T.; Lincoln, P.; Casswell, S;
Moodie, R. Profits and pandemics: Prevention of harmful effects of tobacco, alcohol, and ultra-processed
food and drink industries. Lancet 2013, 381, 670-679. [CrossRef]

Royo-Bordonada, M.A,; Rodriguez-Artalejo, F.; Bes-Rastrollo, M.; Ferndndez-Escobar, C.; Gonzdlez, C.A.;
Rivas, F.; Martinez-Gonzalez, M.; Angel Quiles, J.; Bueno-Cavanillas, A.; Navarrete-Mufioz, E.M.; et al.
Politicas alimentarias para prevenir la obesidad y las principales enfermedades no transmisibles en Espafia:
Querer es poder. Gac. Sanit. 2019, 33, 584-592. [CrossRef]

Gibney, M.].; Forde, C.G.; Mullally, D.; Gibney, E.R. Ultra-processed foods in human health: A critical
appraisal. Am. J. Clin. Nutr. 2017, 106. [CrossRef]

® © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1111/j.1467-789X.2011.00964.x
http://dx.doi.org/10.1161/CIRCOUTCOMES.115.002294
http://dx.doi.org/10.1038/oby.2007.532
http://dx.doi.org/10.1097/MCO.0b013e328312c37d
http://dx.doi.org/10.1093/ajh/hpw137
http://dx.doi.org/10.1016/j.numecd.2014.08.001
http://dx.doi.org/10.1001/jamainternmed.2019.5942
http://dx.doi.org/10.1136/bmj.l1451
http://www.ncbi.nlm.nih.gov/pubmed/31142457
http://dx.doi.org/10.1007/s00394-019-01970-1
http://www.ncbi.nlm.nih.gov/pubmed/31055621
http://dx.doi.org/10.1016/j.mayocp.2019.03.035
http://www.ncbi.nlm.nih.gov/pubmed/31623843
http://dx.doi.org/10.3390/nu11092236
http://www.ncbi.nlm.nih.gov/pubmed/31533256
http://dx.doi.org/10.1016/S0140-6736(12)62089-3
http://dx.doi.org/10.1016/j.gaceta.2019.05.009
http://dx.doi.org/10.3945/ajcn.117.160440
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Participants and Methods 
	Study Population 
	Study Variables 
	UPF Consumption and AO Assessment 
	Potential Confounding Variables 
	Statistical Analysis 


	Results 
	Discussion 
	References

