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Abstract

Ultra-processed foods (UP) are frequently associated with poor diet quality and lack many nutrients necessary for
skeletal muscle health, which could contribute to developing sarcopenia. However, investigations about possible
associations between the intake of UP and sarcopenia are missing. This study aimed to describe the magnitude of the
exposition to UP (eating frequency) and compare it in older adults with and without sarcopenia. It also described
associations between the magnitude of exposition of UP with body composition markers of sarcopenia in all subjects.
It was a cross-sectional study with a sample of 118 community-dwelling older adults. Body composition was accessed
by Dual-energy X-ray absorptiometry (DXA) and UP intake by a food frequency questionnaire (FFQ). All foods in the
FFQ were categorized into two groups: (1) non-UP and (2) UP. SCORE I (mean score for food group 1) and SCORE
I (mean score for food group 2) were calculated. The eating frequency of UP was near 3 to 4x/week and higher for
sarcopenic subjects (p<0.05). Subjects consuming UP more than 1-2x/week were more likely to be sarcopenic than
those consuming less than 1-2x/week. Therefore, sarcopenic subjects were more exposed to UP. In addition, even at a
low exposition, the intake of UP increases the chances of developing sarcopenia in older adults.

Keywords: Ultra-processed foods; Aging; Sarcopenia; Muscle health; Eating frequency.

Resumo

Os alimentos ultra processados (UP) sdo frequentemente associados a ma qualidade da dieta e deficientes em muitos
nutrientes necessarios para a saude do musculo esquelético, o que pode contribuir para o desenvolvimento da
sarcopenia. No entanto, faltam investigacdes sobre possiveis associacdes entre a ingestdo de UP e sarcopenia. Este
estudo teve como objetivo descrever a magnitude da exposicado a UP (frequéncia de consumo) e compara-la em idosos
com e sem sarcopenia. Tambeém descreveu associacdes entre a magnitude da exposicdo aos UP com marcadores de
composicao corporal e da sarcopenia em todos o0s sujeitos. Foi um estudo transversal com amostra de 118 idosos. A
composicao corporal foi acessada por absorciometria de raios X de dupla energia (DXA) e a ingestdo de UP por um
questionario de frequéncia alimentar (QFA). Todos os alimentos do QFA foram categorizados em dois grupos: (1) néo
UP e (2) UP. O SCORE I (escore médio do grupo 1) e o0 SCORE Il (escore médio do grupo 2) foram calculados. A
frequéncia de consumo de UP foi préxima de 3 a 4x/semana e maior para 0s sarcopénicos (p<0,05). Individuos que
consumiram UP mais de 1-2x/semana foram mais propensos a serem sarcopénicos do que aqueles que consumiram
menos de 1-2x/semana. Portanto, os individuos sarcopénicos foram mais expostos aos UP. Além disso, mesmo em
baixa exposicao, a ingestdo de UP aumentou as chances de desenvolver sarcopenia nos idosos.

Palavras-chave: Alimentos ultra processados; Envelhecimento; Sarcopenia; Salde muscular; Frequéncia de
consumo.

Resumen

Los alimentos ultraprocesados (UP) se asocian frecuentemente con una dieta de mala calidad y deficiente en varios
nutrientes necesarios para la salud del musculo esquelético, lo que puede contribuir al desarrollo de sarcopenia.
Todavia, faltan investigaciones sobre posibles asociaciones entre la ingesta de UP y la sarcopenia. Este estidio
pretende conocer la magnitud de la exposicidn a UP (frecuencia de alimentacion) y compararla en ancianos con y sin
sarcopenia. También describe asociaciones entre la magnitud de exposicién de UP con marcadores de composicion
corporal y sarcopenia en todos los sujetos. Fue un estudio transversal con una muestra de 118 ancianos residentes en
la comunidad. La composicion corporal se evalué mediante absorciometria de rayos X de energia dual (DXA) y la
ingesta de UP mediante un cuestionario de frecuencia alimentaria (FFQ). Los alimentos del FFQ se clasificaron en
dos grupos: (1) no UP y (2) UP. Se calcularon la PUNTUACION I (puntuacion media para el grupo de alimentos 1) y
la PUNTUACION Il (puntuacion media para el grupo de alimentos 2). La frecuencia de ingesta de UP fue cercana a 3
a 4x/semana y mayor para sarcopénicos (p<0.05). Los que consumian UP mas de 1-2 veces por semana tenian mas
probabilidades de ser sarcopénicos que los que consumian menos de 1-2 veces por semana. Asim, los individuos
sarcopénicos estuvieron mas expuestos a UP. Ademas, incluso con una exposicién baja, la ingesta de UP aumento las
posibilidades de desarrollar sarcopenia en ancianos.

Palabras clave: Alimentos ultraprocesados; Envejecimiento; Sarcopenia; Salud muscular; Frecuencia de
alimentacion.

1. Introduction

Over the last decade, interest has been growing in elucidating the role of food processing in human health (Marino et
al., 2021). Food processing includes the transformation of raw or harvested in natura foods into new food products, ensuring
safety, improving palatability, and increasing convenience, variety, and shelf-life (Welch & Mitchell, 2000). However, the
demand for these food items has led to other natural or artificial ingredients being added to processed foods. In addition, they
are often characterized by high sugar, fat, and salt contents, which impair the nutritional quality of these foods (Kearney,
2010).
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In this context, in 2014, a Brazilian group of researchers proposed the NOVA classification, which categorizes foods
into four main groups based on the extent and purpose of processing: (i) unprocessed and minimally processed foods such as
seeds, fruits, leaves, stems, roots, milk, eggs, and meats; (ii) processed culinary ingredients such as butter, lard, oils, sugar, and
salt; (iii) processed foods such as canned legumes or fish, typically produced by adding oil, salt, sugar, or other substances
from group 2 to group 1, and using preservation methods such as canning and bottling; and (iv) ultra-processed foods (UP)
(Monteiro et al., 2016). UP comprise formulations of ingredients, primarily for exclusive industrial use, produced through a
several industrial processes that include the fractioning of whole foods into substances, the assembly of unmodified and
modified food substances, and the use of cosmetic additives, frequently added to improve sensory characteristics of the final
product. UP include, amongst others, carbonated soft drinks; sweet, fatty, or salty packaged snacks; candies; ice creams;
pastries; margarine; and many others (Monteiro et al., 2019).

Although NOVA classification does not focus on the nutritional quality of foods, UP are nutritionally unbalanced, as
they present high energy density due to excess fats and sugar, low fiber and micronutrient content, and excess salt (Brazil,
2014; Monteiro et al., 2016). Therefore, it has been postulated that dietary patterns based on UP may contribute to the burden
of non-communicable diseases (NCDs) (Ludwig, 2011; Mertens et al., 2022). Emerging evidence from observational cross-
sectional and cohort studies has identified positive associations between UP consumption and at least one adverse NCD
outcome (Chen et al., 2020; Elizabeth et al., 2020), such as obesity (Elizabeth et al., 2020), type 2 diabetes (Srour et al., 2020),
and a higher risk of cardiovascular disease (Srour et al., 2019) and all-cause mortality (Schnabel et al., 2019). Contrary to UP
foods, the recurrent ingestion of unprocessed or minimally processed foods is associated with a more positive pattern of protein
consumption, diet quality, and lower NCD risk (Salomé et al., 2021). Because of that, the gold rule proposed by the Brazilian
Food Guide and NOVA classification is to make unprocessed/minimally processed foods the basis of the diet, reduce
processed foods, and exclude ultra-processed foods (Brazil, 2014; Monteiro et al., 2016).

Currently, in many high-income countries such as the USA or UK, UP contribute more than half of dietary energy
intake (Rauber et al., 2018; Steele et al., 2016). In middle-income countries, this percentage is lower but is seeing a sharp rise
(Monteiro et al., 2018a). In Brazil, a recent study showed that UP are consumed with high frequency in the adult population in
the 27 capitals (Costa et al., 2021). In addition to UP being usually rich in energy, saturated fats, sugar, and salt (Monteiro et
al., 2018a; Rauber et al., 2018), they also have lower protein content than in natura/minimally processed foods, so UP also
have been associated with lower protein intake (Martinez Steele et al., 2018; Rauber et al., 2018). To our knowledge, reports
relating UP consumption and muscle health, especially in older adults with sarcopenia, are lacking in the literature (Sandoval-
Insausti et al., 2020; Zhang et al., 2022).

Sarcopenia is a muscle disease characterized by low muscle strength and mass, leading to a decline in muscles'
physiological functions (Cesari et al., 2014; Cruz-Jentoft et al., 2019; Kara et al., 2020). Sarcopenia increases the risk of falls
and fractures, is associated with heart (Stenholm et al., 2008) and respiratory diseases (Bai et al., 2017), and contributes to a
reduced quality of life, loss of independence, and increased mortality (Beaudart et al., 2017; Cruz-Jentoft et al., 2019;
Stenholm et al., 2008; Zamboni et al., 2008). Among dietary factors related to sarcopenia, the putative role of proteins on
muscle health has been highlighted (Kiesswetter et al., 2020). It has been shown that the protein daily intake of 0.8 g-kg™! body
weight (BW) benefits muscle mass (Beasley et al., 2016), whereas a consumption higher than 1.1 g.-kg™ per day is linked to
higher muscle mass and muscle function in older adults (Baum & Wolfe, 2015; Nilsson et al., 2018). However, the exploration
of the impact of overall exposure to dietary patterns (how often specific foods or food groups are consumed over time?), rather
than single nutrients on skeletal muscle health, the literature lacks. This kind of investigation has the advantage of considering

different foods' complex interplay and potential synergistic effects on health outcomes (Papaioannou et al., 2021).
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Therefore, it is plausible that high exposure to UP can promote adverse muscle health outcomes. They are frequently
low in myoprotective nutrients, increasing the risk of sarcopenia in older adults. In addition, there is a gap in studies
investigating the relationships between these foods consumption and sarcopenic older adults. Therefore, our primary objective
was to describe the UP exposition magnitude, in terms of eating frequency, by older adults, with and without sarcopenia. We
also compared these eating frequencies between those subjects. In addition, we also described the association between the
magnitude of exposition of UP with body composition markers of sarcopenia in all subjects. We hypothesized that sarcopenic
subjects are more exposed to UP and that the exposition magnitude is associated with a higher risk of developing sarcopenia in

the evaluated population.

2. Methodology
Study design and participants

This study was cross-sectional with a sample of older adults. The inclusion criteria were both sexes; aged >60 years;
postmenopausal women; sedentary (self-report); and controlled chronic diseases. The exclusion criteria were cognitive
impairment, bedridden person, acute illness, clinical decompensated disease, and obesity. The eligible subjects were classified
as sarcopenic and non-sarcopenic according to the criteria described by the "European Working Group Consensus on
Sarcopenia in Older People — EWGSOP" (Cruz-Jentoft et al., 2019). The statistical power of the sample size was calculated by
posthoc analysis using the GPOWER 3.1 software and considering the results of Chan et al. (2016), based on the differences
between scores of food frequency in sarcopenic and non-sarcopenic with an effect size of 0.28, alpha error of 0.05 and power
of 0.8. The total sample was calculated as 110 subjects. The maximum sample size limit was calculated by adding 10% to
cover possible losses (n = 121). A total sample of 118 subjects participated in the study.

All subjects were recruited from the Basic Health Units or referred by geriatricians of Diamantina-MG, Brazil. A
trained interviewer acquired social demographic and clinical health data during a home visit. All individuals who attended the
eligibility criteria and agreed to participate in the study performed the DXA (Lunar Radiation Corporation, Madison,
Wisconsin, USA, model DPX) to assess body composition. After that, the FFQ was applied by a trained interviewer. The study
lasted from February 2018 to January 2020. The study protocol was approved by the Human Research Ethics Committee of
the institution (# 2.282.653).

Sarcopenia diagnosis

All participants were evaluated for diagnosis of sarcopenia by DXA. The following formula was applied:
appendicular muscle mass/height? (ALM/h?), according to Baumgartner et al. (1998). These authors defined the appendicular
lean mass (ALM) as the sum of the four limbs' muscle mass, generating the relative skeletal muscle mass index (RSMI). The
reference values of <7.0 kg / m? and <5.5 kg / m? for men and women were used as cut-off points (Cruz-Jentoft et al., 2019).
The calculation of total muscle mass was obtained directly from the DXA values in kilograms and the fat mass. The older
adults who met the diagnostic criteria were included in the sarcopenia group. The control group included the non-sarcopenic

participants.

Dietary assessment
For the eating frequency analysis, a validated FFQ was used (Ribeiro & Cardoso, 2002), with some adaptations, in
which 77 foods or food groups usually consumed were listed. For the analysis, all foods in the FFQ were categorized into two

food groups according to NOVA classification (Monteiro et al., 2016): (1) non-ultra-processed foods (non-UP) and (2) = Ultra-
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processed foods (UP). To accomplish that, we added in the FFQ the "non-homemade" or "ready-to-eat" information. All FFQ
foods, categorized by NOVA classification, are listed in the supplementary material.

In the interview, for each food, subjects were asked to select their usual frequency of intake among seven categories:
f1: never consumed; f2: < 1x/month; f3: >2<3x/month; f4: >1<2x/week; f5: >3<4x/week; f6: >5<6x/week; and f7: consumed
daily. Afterward, all data obtained from the FFQ were analyzed according to de Fornés et al.(de Fornés et al. 2002). Briefly, a
score was attributed to each eating frequency category. A maximum score of one (1) for foods consumed daily and zero (0) for
those never consumed was determined. All other scores, according to the eating frequencies asked, were obtained employing
the equation: S = (1/365) [(a + b)/2], being "a" and "b" the number of days of the recorded frequency. The eating frequency
scores corresponding to each food in the FFQ were calculated for each participant. In addition, we also calculated the SCORES
I and 1. SCORE | was the mean score for food group 1 (non-UP), and SCORE Il was the mean score for food group 2 (UP).

All calculations were performed for sarcopenic and non-sarcopenic subjects.

Anthropometry and body composition

The weight and height were measured by an analogic scale (Welmy, model 110, precision of 0.1 kg) with a coupled
stadiometer, and body mass index (BMI kg/m?) was calculated. Total body mass, fat mass, lean mass, and bone mineral
density were assessed using DXA. Fat and lean mass were assessed by total body analysis and body segments (upper, lower,
and trunk).

Statistical analysis

All analyses were performed with the IBM SPSS Statistics version 22.0 (IBM Corp., Somers, NY, USA.). The
Kolmogorov-Smirnov test verified the distribution of data. Data were expressed as meanzstandard deviation, median
(interquartile range), or absolute number and percentage (categorical variables). Comparisons of anthropometry body
composition, clinical variables, and SCORES | and Il between groups were performed using Fisher's exact test (qualitative
variables) and unpaired t-test or Mann-Whitney test (quantitative variables). Logistic regression analysis was accomplished to
determine the factors associated with sarcopenia. The independent variables tested were age, sex, body fat, SCORE | (non-
UP), and SCORE Il (UP). The SCORE I and Il were categorized by percentile 50, being SCORE l¢x. (P50 = 0.305) and
SCORE Il ¢, (P50 = 0.18). For that, we grouped the eating frequencies of UP as "<1-2x/week" and"> 1-2x/week" and for non-
UP as "<3-4x/week" and"> 3-4x/week". Variables associated with sarcopenia in univariate analysis (p< 0.2) were included in

the multivariable logistic regression analysis. The level of significance was 5%.

3. Results

A total of 167 older adults were recruited, of which 49 were excluded (did not meet the eligibility criteria), and the
final sample consisted of 118 participants, 38.1% sarcopenic. Participants' age ranged from 60 to 98 years, with 55% identified
as male, without differences between non-sarcopenic and sarcopenic groups (p>0.05). The sarcopenic group had lower values

for anthropometric and body composition variables (p<0.05; Table 1).
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Table 1. General characteristics of the participants.

Variables Non-sarcopenic Sarcopenic (n=45) p-value
(n=73)
Age (years) 722172 74.6+9.3 0.13
Sex, n (%)
Male 36 (49.3) 29 (64.4) 013
Female 37 (50.7) 16 (35.6)
BMI (Kg/m?) 252+24 209122 <0.01
Lean mass (Kg) 38.6 (13.2) 36.0 (9.3) <0.01
Fat mass (Kg) 19.8+45 155+54 <0.01
Body fat (%) 33.2+6.8 29.4+8.3 0.01
Fat-free mass (Kg) 39.7 (13.4) 37.0(9.6) <0.01
RSMI (Kg/m?)
Male 7.7+0.6 6.1+0.5 <0.01
Female 6.4+0.6 51+0.3 <0.01
BMD (g/cm?) 1.1£0.1 1.0£0.1 0.01

Data presented as mean + SD, median (interquartile range), or absolute number (percentage). Independent t-test or
Mann-Whitney U-test (for lean mass, fat mass, body fat, and fat-free mass) or Fisher exact test (for sex). Values in
bold showed statistical significance (p-value < 0.05). BMI: Body mass index. RSMI: Relative skeletal muscle mass
index. BMD: Bone mineral density. Source: Author's elaboration.

According to the table above, it is possible to notice that the values of body composition BMI, Lean mass, Fat mass,
Body fat, Fat-free mass, RSMI (in both sexes), and BMD presented statistically relevant differences between Non-sarcopenic
and Sarcopenic.

The mean SCORE for all subjects indicated that the eating frequency of non-UP was 3 - 4 times/per week and did not
differ between males and females nor sarcopenic and non-sarcopenic (Table 2). The SCORE |1 for all subjects was near 1-2 per

week, but sarcopenic had a higher SCORE I1, indicating eating frequency near 3-4 times per week (p<0.05; Table 2).
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Table 2. Distribution of SCORE | and SCORE Il from sarcopenic and non-sarcopenic subjects.
Median

Variables Mean + SD ) ) p
(interquartile range)
SCORE |
General 03+0.1
Male 02+01 )
0.303"
Female 0.3+0.1
Sarcopenic 0.3+0.1 .
. 0.3441
Non-sarcopenic 0.3+£01
SCORE II
General 0.18 (0.10)
Male 0.18 (0.11)
0.315%
Female 0.19 (0.12)
Sarcopenic 0.34 (0.10)
] 0.000¢
Non-sarcopenic 0.15 (0.08)

Data presented as mean = SD or median (interquartile range). T Independent t-test; *Mann-Whitney U-test. SCORE |
= mean food group 1 scores; SCORE Il = mean food group 2 scores—source: Author's elaboration.

Logistic regression (Table 3) analyses showed that sarcopenia was associated with high UP consumption (p= 0.004)
and lower values of body fat (p= 0.009) and lean mass (p= 0.001). In the multivariate analysis, participants consuming UP
more than 1-2x/week were more likely to be sarcopenic than those consuming it less than 1-2x/week (OR=24.85, p= <0.001).
Each increase by one unit in body fat (OR=0,76) and lean mass (OR=0,77) was associated with less likely to be sarcopenic
(Table 3). The SCORE | was not associated with sarcopenia.

Table 3. Independent variables for sarcopenia in older adults (n=118).

Independent Univariate Multivariate

variables b+ SE OR (95% CI) p-value b+ SE OR (95% CI) p-value
SCORE Ica. -0.36 £0.38 0.69 (0.33 —1.47) NS NS
(ref: >3 a 4 x/week)

Age (years) 0.04+£0.02 104(0.99-109) NS NS

Sex (ref: man) 0.62+039 1.86(0.87-3.99) NS NS
SCORE ll¢a. 154+053 4.68(1.64-13.37) 0.004 3.19+0.72 2485 (6.01 - <0.001
(ref: >1 a 2 x/week) 99.73)

Body fat (%) -0.07+0.03 0.93(0.89-0.98) 0.009 -0.27+0.06 0.76(0.68—0.86) <0.001
Lean mass (Kg) -0.11+0.03 0.90(0.85-0.96) 0.001  -0.25+0.07 0.77 (0.68—0.88) <0.001

b: beta coefficient; SE: Standard error; OR: Odds Ratio; 95% CI: 95% Confidence Interval. Values in bold showed statistical
significance (p-value < 0.05). NS: non-significance. Source: Author's elaboration.

4. Discussion

In this study, we evaluated the association between the magnitude of exposure to UP foods (food frequency) and

sarcopenia in older adults. Briefly, (1) the eating frequency of UP was near 3 to 4x/week and higher for sarcopenic subjects
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(p<0.05), and (2) subjects consuming UP more than 1-2x/week were more likely to be sarcopenic compared to those
consuming them less than 1-2x/week. These results suggest that exposure to UP, even if low, increases the risk of developing
sarcopenia in older adults.

Aging results in changes in several metabolic and physiologic functions. It reduces lean mass, which includes body
water, skeletal and smooth muscles, and bones (Ribeiro & Kehayias, 2014). Sarcopenia comprises the accelerated loss of
skeletal muscle mass and function by age (Westbury et al., 2021). Despite no differences in the prevalence of comorbidities,
sarcopenic subjects had lower values of body composition markers, which agrees with other studies (Kitamura et al., 2021;
Petermann-Rocha et al., 2022; Zengin et al., 2021).

Since dietary factors also have been related to sarcopenia (Ganapathy & Nieves, 2020) and UP intake has been
associated with chronic conditions and mortality (Chen et al., 2020; Elizabeth et al., 2020; Ludwig, 2011; Mertens et al., 2022;
Schnabel et al., 2019; Srour et al., 2019, 2020), we first intended to describe the magnitude of UP consumption, in terms of
eating frequency, by older adults, especially sarcopenic. Our main findings indicated that the sarcopenic subjects were exposed
to UP near >3<4x/week, which was higher than non-sarcopenic. To the best of our knowledge, we did not find any study
investigating UP intake (regardless qualitatively or quantitative) and sarcopenia in older adults. Otherwise, Sandoval-Insausti
et al. (2020) found a strong association between UP intake and frailty risk in older adults. More recently, Zhang et al. (2022)
associated UP intake with grip strength decline in older adults. These data indicate a possible relationship between the intake
of these foods and the decline of muscle mass and function with aging.

UP are affordable, convenient, microbiologically safe, highly palatable, ready to eat, energy-dense, and aggressively
advertised and marketed (Louzada et al., 2015; Luiten et al., 2016; Monteiro et al., 2011; Monteiro et al., 2018a). These
characteristics make them more likely to be overconsumed, which may increase consumers' total dietary energy intake. Indeed,
food purchase surveys and national dietary surveys have informed on UP food intake in some Western countries (Costa et al.,
2021; Louzada et al., 2015; Luiten et al., 2016; Monteiro et al., 2011; Monteiro et al., 2018a; Moodie et al., 2013) is increasing,
and it currently contributes to 25%-50% of total energy intake (Monteiro et al., 2011). UP intake also has been associated with
poorer diet quality (less fiber, fruit, vegetable, and protein intake) (Martinez Steele et al., 2017, 2018; Moubarac et al., 2017;
Rauber et al., 2018). Therefore, the exposure to more energy-dense and nutritionally- deficient foods could contribute to a
decline in muscle mass over aging and worsen the sarcopenia degree in these subjects.

Another interesting finding was that, for all subjects, the exposition to non-UP was between >2<3x/week and
>3<4x/week, without differences between male and female or sarcopenic and non-sarcopenic. In addition, non-sarcopenics
were exposed to UP less than >1<2x/week. Although we considered the exposition to non-UP must be higher for all subjects to
achieve good health, we can speculate that as non-sarcopenic were less exposed to UP, they were more protected from
sarcopenia, which did not happen with sarcopenic subjects.

Indeed, our data also showed that subjects exposed to UP more than 1-2x/week were more likely to be sarcopenic (OR
=0.29) compared to those exposed to them less than 1-2x/week. It has been shown that the shifts in UP intake worldwide have
been parallel to an increase in chronic diseases. Several longitudinal studies observed that UP intake was associated with a
higher incidence of dyslipidemia (Rauber et al., 2015), hypertension (Mendonga et al., 2016a), and cancer (Fiolet et al., 2018).
Moreover, cross-sectional (Canella et al., 2014; Monteiro et al., 2018b) and longitudinal studies (Mendonca et al., 2016b)
found a relationship with obesity. To the best of our knowledge, this is the first study that has explored UP exposition and
sarcopenia. As previously stated, UP are frequently associated with poor diet quality, lacking many essential nutrients for
muscle health, such as protein, fiber, vitamins, and minerals.

Several mechanisms may explain the association between the exposition to UP and sarcopenia or markers of muscle
health. UP negatively affect muscle protein synthesis since they are generally rich in saturated fats, added sugars, trans fats,
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and sodium and poor in fiber, protein, and micronutrients (McGlory et al., 2019). UP contain many non-natural ingredients and
additives such as artificial flavors, stabilizers, emulsifiers, and preservatives. These ingredients may create an environment in
the gut that is an evolutionarily unique selection ground for microbes that can promote chronic inflammation (Chassaing et al.,
2015, 2017; Zinocker & Lindseth, 2018). Pro-inflammatory cytokines (e.g., tumor necrosis factor-o. and interleukin-6)
contribute to the decline of muscle mass and function and sarcopenia (Dalle & Koppo, 2020; Schaap et al., 2009). Advanced
glycation end products, produced during food processing and preparation, are associated with poor muscle health (Sharma et
al., 2015). Finally, UP intake may increase the exposure to chemicals (e.g., phthalates and bisphenols) used in food packaging
and production (Buckley et al., 2019). A recent population-based study showed that exposure to phthalates was inversely
associated with grip strength, one of the markers of muscle health and sarcopenia (Sun et al., 2021). These studies provide

potential explanations linking exposure to UP and sarcopenia.

5. Conclusion

Our data evidenced that sarcopenic subjects were more exposed to UP. In addition, even at low exposition (1-
2x/week), the intake of UP increases the chances of developing sarcopenia in older adults.

Some potential limitations of this study deserve mention. We did not obtain nutrient intake since we used a descriptive
and qualitative FFQ. However, we were interested in the magnitude of exposition to foods according to their extent and degree
of processing. In addition, habitual exposure to a specific food or food group is one of the determinants of food ingestion. In
addition, FFQs are reliable tools to investigate associations between diet and diseases (Willett, 2012), which was our aim.
Another limitation is that the food intake report using an FFQ depends on the memory, which declines over aging, turning into
complex data acquisition. However, the interviewer was previously trained to help the participants remember their food habits
more appropriately, minimizing possible bias.

We believe our great strength was attempting to describe and relate UP exposition, as a food group, to sarcopenia.
Several observational and intervention studies have used a single nutrient approach to investigate the relationship between diet
and sarcopenia, which is not exclusively related to the number of nutrients ingested. Therefore, analyzing the magnitude of
exposition to UP could contribute to developing food guidelines that also consider the impact of food intake based on the
extent and purpose of processing in the decline of muscle mass and function in older adults.

As a suggestion for future work, it would be interesting to carry out a longitudinal study addressing the issue and
evaluate the contribution of ultra-processed foods to the intake of calories and nutrients, especially proteins. In addition,

including biomarkers of muscle health would be relevant for assessing nutritional status.
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