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Context: Relationships between ultraprocessed food (UPF) intakes and health have
been well described in adults, but evidence of these relationships in older adults is
rather limited. Demographic shifts in aging emphasize the importance of under-
standing the role of diet in maintaining health during later life. Objective: The aim
of this systematic review was to identify health outcomes associated with UPF con-
sumption in those aged >60 years. Data Sources: The Medline, Web of Science,
Scopus, and Embase databases were searched from inception until June 2023,
using search terms representing UPF and any health outcome. Observational stud-
ies restricted to individuals aged >60 years using the Nova food classification were
included. Articles were screened independently by 2 researchers using PECOS inclu-
sion criteria. Data Extraction: Two-thirds of the studies in the present review were
prospective cohort studies (n=4) and the rest were cross-sectional (n=2). The
number of participants ranged from 652 to 2713 across the 6 studies. The mean
age of participants ranged between 67 and 73 years. Data Analysis: In the pro-
spective cohort studies, the highest consumption of UPF was associated with inci-
dent frailty, incident dyslipidemia, renal function decline, and abdominal obesity.
For cross-sectional studies, the highest intake of UPF was associated with negative
outcomes similar to young and middle-aged cohorts, with the addition of nutri-
tional frailty and worse cognitive performance. Conclusions: Currently, the limited
understanding of how high UPF intakes could be associated with negative health
outcomes for older adults influences the ability to inform policy and practice rec-
ommendations. More research is required owing to the very limited number of
studies, specifically in older adults.

Systematic Review Registration: PROSPERO registration no. CRD42023442783.

Key words: ultra-processed food, food processing, Nova food classification, older adults, observa-
tional study.

INTRODUCTION

In recent decades, the number of older adults (aged
>60vyears) has increased globally by 162%, from 382
million in 1980 to 1 billion in 2019." Projections suggest
this trend will persist, with the number of older adults

anticipated to nearly double, reaching approximately
2.1 billion by 2050." As people attain longer lifespans,
novel health challenges emerge. These can be character-
ized by a higher prevalence of geriatric syndromes such
as frailty and disability, as well as other common health
conditions that result from a mix of factors not
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classified as diseases of specific organs,” or comorbid
conditions, such as malnutrition and sarcopenia.
Sarcopenia is an age-related disease characterized by
muscle loss and loss of physical function. A recent sys-
tematic review and meta-analyses indicated that older
adults with sarcopenia consume significantly less pro-
tein than their counterparts without sarcopenia.™*
Furthermore, the aging process entails a spectrum of
age-related change encompassing physical impairment,
physiological alterations, chronic diseases, as well as
psychological and psychosocial changes,” all of which
can significantly influence food choices and nutritional
status.”” Extensive research on older adults has been
conducted that underscores the importance of various
aspects of a healthy diet (including whole foods, dietary
patterns, and nutrients) to overall health and the pro-
motion of healthy aging.® "> For this reason, a position
statement was produced by the UK Scientific Advisory
Committee on Nutrition acknowledging limitations
within the current literature and recommending the
need for research to explicitly consider nutrition and
health in adults aged >65 years."?

Low intakes of fiber, protein, vitamins, and miner-
als are well-documented characteristics of the diets of
adults consuming high amounts of ultraprocessed foods
(UPFs). These industrially processed foods contain lim-
ited whole foods and an abundance of food additives, as
defined by the Nova food classification."* UPF encom-
passes a wide range of food items, including breakfast
cereals, packaged snacks, processed breads, flavored
yogurt, and frozen meals.” In a British longitudinal
cohort study of 85-year-old participants, many foods
classified as UPFs, including cereals and cereal products
(CCP; which include bread and breakfast cereals), were
consumed by at least 75% of the cohort, making CCP
the top contributors of overall energy and fiber
intake.'>** Furthermore, the highest intake of folate,
iron, and selenium were identified in CCP, with contri-
butions of 31.5%, 49.2%, and 46.7%, respectively. These
findings suggest that fortified foods (which can be
classed as UPFs) are an important source of some
micronutrients among older adults.*

Over the past decade, the consumption of UPFs has
received particular attention with regard to links to their
high consumption by and poor health outcomes in
adults.”” > Previous meta-analyses and epidemiological
studies, encompassing >10 million participants, have
extensively examined the relationship between UPF con-
sumption and a wide spectrum of adverse health outcomes
and death.*** It is important to note that the nature of
this research is predominantly observational, relying on
secondary analyses of cohort and cross-sectional studies.
These investigations typically involve comparisons
between groups with varying levels of UPF consumption

within populations and their respective associations with
health outcomes. Although these findings offer valuable
insight into the association between UPFs and health, it is
important to acknowledge the inherent limitations of such
studies. These limitations include a scarcity of direct evi-
dence establishing a causal relationship between UPF
intake and adverse health outcomes, as well as the inclu-
sion of diverse age groups within study cohorts.

Additionally, many studies used statistical adjust-
ments for age in their analyses to mitigate the potential
skewing of results by age-related factors, because age
may influence the variables under investigation.® Age
is a heterogeneous variable that may confound the rela-
tionship between UPF intake and health in older adults.
Simple adjustments for age may not account for the var-
iability within age groups, potentially leading to biased
estimates.”® The NutriNet-Santé cohort study associates
UPF intake with an increased risk of type 2 diabetes,
categorizing participants into age groups of 18-44, 45-
59, and >60 years.”” However, by adjusting for age in
the analysis, the study may obscure the negative health
effects specific to older adults, because the group aged
>60 years was not assessed as an individual group.*’

Although most of the previous research involved
observational studies, some randomized controlled tri-
als researched UPFs and health outcomes. A recent sys-
tematic review that was focused on randomized
controlled trials concluded there were no significant
outcomes found in 30 of 42 of the examined health-
related outcomes associated with high UPF intakes.*®

An important feature of healthy aging deserving fur-
ther investigation is the impact of UPFs on the health of
older adults. Given the limited evidence on and the poten-
tial advantages and disadvantages of reducing UPF intake,
the research evidence from older adults remains ambigu-
ous, particularly considering the contribution of sub-
groups of UPFs to energy and nutrient intakes.” " This
includes “staple foods” such as breads, cereals, and dairy
products, which provide essential nutrients and fiber.
Furthermore, studies involving older adults should include
relevant outcomes such as disability, frailty, and other geri-
atric syndromes, because many existing studies that
include some older adults do not have these age-specific
outcomes. Therefore, the objective of this systematic
review was to evaluate the association between UPF con-
sumption and health outcomes among older adults aged
>60 years.

METHODS

Search Strategy and Selection of Studies

Reporting of this systematic review adhered to the
Preferred Reporting Items for Systematic Review and
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Meta-Analyses (PRISMA),*? as shown in Table S1. The
protocol was registered with the PROSPERO database
(identifier CRD42023442783); however, we have made
amendments to our PROSPERO-registered protocol to
reflect updates based on emerging literature. A system-
atic literature search was performed in the MEDLINE,
Web of Science, Scopus, and Embase databases from
inception until June 2023. The search strategy included
the following keywords: (“ultra processed foods*” OR
“ultra-processed foods” OR (“ultra processed foods™*”
OR “ultra-processed foods” OR “Nova classification™”
AND (aged OR adult* OR “elderly” OR senior* OR
geriatric* OR old* OR pension™ OR retire*)). Records
were downloaded to Covidence, and duplicates were
removed. Covidence is a web-based software platform
that simplifies the assembly of a systematic review.” All
languages were included, and corresponding authors
were contacted to request extra data where applicable.
Two investigators (A.W.W. and F.A.S.) independ-
ently assessed articles that were initially eligible. Studies
that included a measure of correlation of UPF con-
sumption and any health outcome were included. The
title, abstract, and full-text screening of the articles were
used to determine eligibility. Table1 shows the inclu-
sion criteria using the PECOS (population, exposure,
comparison, outcome, study design) framework.
Studies were considered eligible if they satisfied the
inclusion requirements of participants (adults aged

Table 1. PECOS criteria for the inclusion and exclusion of
studies

Parameter Criterion

Participants Observational studies including older adults
and excluding children and adults
younger than 60 years

Studies that assessed the association of high
intakes of ultraprocessed foods (using the
Nova food classification) specifically by
older adults and any health outcome
were examined.

Compared older adults with lowest ultrapro-
cessed foods intake with those who with
the highest UPF intake. Consumption of
the most ultraprocessed foods was based
on Nova food classification.

No specific health-related restrictions will be
placed on outcome measures.

Studies included observational studies such as
longitudinal, cross-sectional, and case-con-
trol studies.

No language or date restriction was included
when searching databases. Studies that
interpreted results of high ultraprocessed
foods as household availabilities instead of
intakes were excluded. Studies that included
adults and older adults and did not conduct
a subgroup analysis by age were excluded.

Exposure

Comparators

Outcome

Study design

Nutrition Reviews® Vol. 00(0):1-14

>60 years), exposure (highest UPF intake), comparators
(lowest UPF intake), outcome (any health outcome),
and study design (case-control studies, cross-sectional
studies, and prospective cohort studies). Studies that
included adults and, specifically, older adults and did
not undergo a subgroup analysis by age were excluded.

We contacted 40 authors for data on any subgroup
analyses of older adults, because they had published a
study that included both adults and older adults but
adjusted for age in the analysis. Of these, 15 authors
replied but were not able to provide a subgroup analysis
of older adults. Review articles, letters to the editor,
comments, conference proceedings and articles report-
ing on randomized controlled trials were also excluded.
Disagreements were resolved through consensus with a
third investigator (A.F.).

Data Extraction

Data extraction was carried out by 1 investigator (F.A.S.).
Conflicts were resolved through discussion with 2 investi-
gators (A.F. and T.R H.). The data were extracted from the
full-text articles and consisted of the following: first author,
year of publication, participants’ age, cohort, country of
population, follow-up length in years, assessment of UPF,
comparison, exposure variables, health outcome, and
main results, including adjustments in statistical analysis.

Appraisal of Methodological Quality

An appraisal of methodological quality of the included
articles was conducted using the Newecastle-Ottawa
Scale (NOS) tool for observational studies®® and the
adapted NOS for cohort studies.”®> The NOS and
adapted NOS consist of 8 questions across 3 domains:
selection, comparability, and outcomes, and each ques-
tion is rated up to 1 star, with the question about com-
parability rated by up to 2 stars. The NOS score can
reach a maximum of 9 stars and the adapted NOS score
can reach a maximum of 8 stars. A study with a score
<7 was considered of lower quality and studies with a
score >7 stars were considered to reflect higher quality,
consistent with previous systematic reviews.'”’>*” Two
investigators (F.A.S. and A.F.) independently evaluated
the methodological quality of each included study.
Disagreements were resolved by consensus, and a third
researcher (A.W.W.) was consulted.

Data Synthesis

A narrative synthesis approach was used to systemati-
cally synthesize data within included studies. A meta-
analysis was not conducted, because of the minimal
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number of studies and differing outcome measures. The
available evidence was systematically reviewed and
interpreted to generate new knowledge and insights on
the association of high UPF intake and health outcomes
in older adults.

RESULTS
Search Results

Figure 1 displays the process of selecting studies accord-
ing to PRISMA. The search identified 3509 articles, and
after excluding duplicates, 1416 studies remained. After
abstract and title screening, 205 articles were identified.
Of these, 15 studies were assessed for eligibility after
tull-text screening, and 6 articles were included in the
analysis after the selection process.

Overview and Characteristics of Included Studies

The 6 selected studies were published between 2020 and
2023 and were conducted in 3 countries: the United
States (n=1),"® Spain (n=4),""* and Italy (n=1)."°
Data for all Spanish studies originated from the same
participant group using the same cohort. Two of the
studies were cross-sectional and observed the associa-
tion between UPF consumption and nutritional frailty
(n=1)" and cognitive performance (n= 1).*® Four of
the studies were of prospective cohorts and examined
the relationship between UPFs and the incidence of
frailty (n = 1),*' abdominal obesity (n = 1),* renal func-
tion decline (n=1),"" and incident dyslipidemia
(n=1).>° Table2 lists the key characteristics of the
included studies.’*****

The number of participants ranged from 652 to
2713 across the 6 studies. The mean age of participants
was 68.7 years (range, 67-73 years). Two studies had a
cross-sectional design and 4 were prospective cohort
studies. The duration of the cohort studies was between
3.5 and 8 years.

UPF Consumption

One of the 2 cross-sectional studies assessed UPF con-
sumption by having participants complete a food fre-
quency questionnaire.”® The other cross-sectional study
measured UPF intake using two 24-hour recalls.”®
Three cohort studies used computer-based dietary his-
tory,”*' and 1 cohort study used face-to-face dietary
history.**

The exposure of 1 cross-sectional study was calcu-
lated according to grams per day per 2000 calories from
UPFs,”* and the other cross-sectional study assessed
exposure using percentage of total energy (PTE)

intake.”® Assessment of exposure in 2 cohort studies
was through measuring the percent energy of UPF of
total energy (TE).”>** The remaining 3 cohort studies
also measured PTE, in addition to determining grams
per kilogram of body weight).***!

Table 3 reports the PTE from UPFs, grams per kilo-
gram of body weight and grams per day consumed by
participants as well as health outcomes associated with
higher UPF intakes. UPF intakes ranged from an aver-
age of 17% to 53% of total intakes measured as PTE or
percentage of food weight.”®>* One study did not
report intakes.”®

Association between UPF Intake and Health
Outcomes

All 6 studies presented in this review observed a specific
adverse health outcome associated with increased UPF
consumption. Two studies examined the relationship
between UPF consumption and frailty (Table 3).”>*' A
cohort study by Sandoval-Insausti et al,*' from the
Seniors-Study on Nutrition and Cardiovascular Risk in
Spain (ENRICA) cohort, focused on incident frailty.
The authors found that the highest quartile of PTE of
UPF was significantly associated with 3.47 times higher
likelihood of experiencing unintentional weight loss, a
frailty measure (odds ratio [OR] = 3.47 [95% CI, 1.95-
6.17]; P < .001 for trend). Associations were found for
other frailty components, including little physical activ-
ity and slowness (OR = 0.18 [95% CI, 0.14-0.21]; P =
.048 for trend) and (OR = 0.20 [95% CI, 0.16-0.23]; P <
.001 for trend), respectively. Similar results were found
when measuring UPF in gram per kilogram of body
weight, suggesting that increased UPF food intake
increases overall risk of frailty.*" A cross-sectional study
by Zupo et al’® had a different method of measuring
nutritional frailty, defined in their study as the coexis-
tence of physical frailty as well as a nutritional imbal-
ance. The proportion of older adults with nutritional
frailty phenotypes decreased steadily from the highest to
the lowest quintiles; the percentage dropped from
21.66% (OR = 1.26; SE = 0.25; 95% CI, 0.86-1.85) to
0.87% (OR = 0.87; SE = 0.15; 95% CI, 0.61-1.22),
respectively, indicating that increased consumption of
unprocessed or minimally processed foods may protect
against nutritional frailty.”® When adjusting for con-
founders such as total protein to energy ratio and alco-
hol consumption, however, the protective effect of low
UPF consumption became less pronounced in nutri-
tional frailty, with decreasing odd ratios across quintiles
([Q1], OR = 0.82; [Q2], OR = 0.82; [Q3], OR = 0.89;
[Q4], OR = 1.6; [Q5], OR = 4.06).

In another cross-sectional study that examined the
association between UPF consumption and cognition,

Nutrition Reviews® Vol. 00(0):1-14
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I Identification of studies via databases l

Studies from databases/registers (n = 3509)
Embase (n = 1051)
Web of Science (n =912)
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References removed (n = 2093)

A4

v

Duplicates identified by Covidence.

Studies title and abstract screened (n = 1416)

—>{ Studies excluded (n = 1177)

v

( )

Full-text articles screened (n = 205)

Studies excluded (n = 190)
> 113 did not include subgroup analysis by age

29 conference proceedings

Screening

19 did not meet age criteria

11 no health outcome

8 Full text unavailable

5 review or book

4 not an observational study

1 did not use Nova classification

Studies assessed for eligibility (n = 15)

Studies excluded (n = 9)

Studies included in review (n = 6)

“1 2 Did not compare highest with lowest intake of
UPF

7 included adults aged >60 years, but statistical
analysis adjusted for age

Figure 1. Flowchart of the selection process for the articles included in the systematic review. Abbreviation: UPF, ultraprocessed food.

researchers observed that participants without preexist-
ing chronic health conditions who consumed the high-
est amount of UPFs had a 1.37-fold increased risk of
worse performance in the animal fluency test (a cogni-
tive assessment tool) (OR = —1.37 [95% CI, -2.72 to
—0.03]; P = .040 for trend).*®

A cohort study from the ENRICA cohort of 1082
older adults aged 60 years or older found a relationship
between high amount of UPF consumption and

Nutrition Reviews® Vol. 00(0):1-14

incident dyslipidemia.> Specifically, participants with
the highest UPF consumption had more than twice the
odds of developing incident hypertriglyceridemia
(>150mg dL™'; OR = 2.66 [95% CI, 1.20-5.90]; P =
.011 for trend) or low concentration of high-density lip-
oprotein (HDL) cholesterol (<40 mg dL™! in men;
<50mg dL™" in women; OR = 2.23 [95% CI, 1.22-
4.05]; P = .012 for trend) when compared with partici-
pants with the lowest consumptions. They also had an
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Table 2. Characteristics of Included Studies

Reference Age, y; sample  Study design  Follow-up, Country Assessment of UPFs Comparison
size (sex) y (cohort)
Cardoso et al >60 (mean, 69); Cross-sectional 1 United States %TE T3vsT1
(2022)*® 2713 (54% (NHANES Two 24-h recalls
female) 2011-2014)

Zupo et al >65 (mean, Cross-sectional 8 Italy (Castellana g d™" 2000 kcal ™" Q5 (high) vs Q1
(2023)*° 73.56); 2185 Grotte [Bari, 85-item (very low)
(49.51% Apulia, self-administered

female) southern Italy]) FFQ
Donat-Vargas >60 (mean, 68);  Cohort 5-7 Spain (ENRICA) %TE T3 vsT1
et al (2021)* 1082 (52% Computer-based
female) dietary histor1y
Sandoval-Insausti ~ >60 (mean, Cohort 5-7 Spain (ENRICA) %TE and g kg~ Q4 vs Q1
et al (2020)" 68.7); 1822 Computer-based
(51% female) dietary history
Sandoval-nsausti  >60 (mean, 67);  Cohort 5-7 Spain (ENRICA) %TE T3vsT1
et al (2020)* 652 (44% Face-to-face dietary
female) history
Rey-Garcia etal >60 (mean 67);  Cohort 5-7 Spain (ENRICA) %TEand g kg™ d™' T3vs T1

(2021)%

1312 (51%

Computer-based

female)

dietary history

Abbreviations: ENRICA, Seniors-Study on Nutrition and Cardiovascular Risk in SPain; FFQ, food frequencg questionnaire; NHANES,
t ,

National Health and Nutrition Examination Survey; Q, quintile; T, tertile; UPF, u

ra-processed foods; %TE, percentage of total energy.

2Grams per day of energy intake of 2000 calories per da))/ §8tandardization was done by dividing the daily food intake into grams per

day by calorie intake per day and multiplying it by 2000).

increase in TE intake and higher rates of tobacco use
compared with those with less UPF consumption No
statistical significance was for low-density lipoprotein
concentration (>129mg dL™"). Analysis of individual
UPF groups did not show any statistical significance
between UPF consumption and hypertriglyceridemia or
low HDL cholesterol levels.>

With regard to renal function decline, a cohort
study of 1212 of participants older than 60 years from
the same cohort in Spain (ENRICA) measured serum
creatinine level to estimate glomerular filtration rate.
Renal function decline was defined as an increase in
serum creatinine level or a decrease in estimated glo-
merular filtration rate that was greater than what is
expected for age.*” After follow-up, the researchers
found that participants who consumed the greatest
amount of PTE of UPF had a 74% higher risk of devel-
oping renal function decline (OR = 1.74 [95% CI, 1.14-
2.66]; P = .026 for trend) when compared with least
amount of UPF consumed.*’ Statistical significance was
found for both PTE from UPF and grams of UPF per
kilogram of body weight per day. Although similar
results were found when analyzing subgroups based on
cardiovascular risk factors (ie, chronic conditions, high
blood pressure, diabetes, high cholesterol, obesity), a
stronger association was found in individuals with dia-
betes but without obesity.*’

Furthermore, another study correlated high UPF
intakes with abdominal obesity in the same ENRICA
cohort.** Abdominal obesity was calculated based on
the World Health Organization criteria of a waist

circumference” >102 ¢cm and 88 cm in men and
women, respectively. Of 652 participants at baseline
(years 2008-2010), after a follow-up of 6 years, 177 have
developed obesity (years 2012-2015). Participants in the
highest tertile of UPF intakes developed a 62% greater
association with abdominal obesity (OR = 1.62 [95%
CI, 1.04-2.54]; P = .037 for trend) when compared with
the lowest tertile. Additionally, when comparing partici-
pants in the lowest tertile with those in the highest ter-
tile of UPF intake, the latter ingested more TE intake,
had lower intake of very-long-chain omega-3 fatty acids,
and had a lower adherence to a Mediterranean diet.*?

Quality Assessment

Table 4 provides results of assessments of the included
articles’ methodological quality according to the
NOS.3%3%49-42 Of the 6 included studies, 4 (also from
the same cohort™ *?) exhibited high methodological
quality (NOS score >7), and 2 had a score <7.°***

DISCUSSION

This systematic review included articles reporting on
observational studies that examined the association
between UPF consumption (using the Nova classifica-
tion system) and health outcomes, specifically in studies
of older adults aged 60years or older. Two cross-
sectional studies reported a negative association
between high UPF consumption on nutritional frailty®®
and cognitive function.’® In terms of cohort studies,

Nutrition Reviews® Vol. 00(0):1-14
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high UPF consumption was associated with renal func-
tion decline,”” incident dyslipidemia,” frailty,*’ and
abdominal obesity.*> While these findings suggest a
potential relationship between high UPF intake and
negative health outcomes, the strength of this evidence
is limited because there are a small number of studies
published solely in this age group (above 60) and the
majority of the studies in this review came from the
same cohort (four studies).***

There may be several reasons why older adults con-
sume UPF, including their lower cost and hyper-
palatability’ some of these foods, such as breads and
cereals, may have been staples in their diets throughout
their lifetime.** Ready-to-consume food products are
convenient and affordable, which is the main driver
behind their popularity.** This is especially true for
older adults, who may be living alone, because they may
rely on ready-to-consume, processed meals.’’ This
observation is particularly relevant given that a signifi-
cant portion of older adults aged >65years in the
European Union reside in a single-person household up
to 40.2% of women and 21.8% of men.*’

All studies in this systematic review showed a nega-
tive association between increased UPF consumption
and health outcomes. Although there was variability in
the specific sources of UPFs across studies in this
review, most of the foods consumed in the highest
quantile of UPFs were also considered low nutritional-
quality foods. This includes energy-dense foods that are
high in fat, sugar, and sodium.*® For instance, Donat-
Vargas et al”® found that the highest consumption of
UPF came from the following: cookies and pastries
(31.2%), processed meat and meat products (15.7%),
breakfast cereals and breads (11.1%), and sweets
(10.9%). However, no statistical analysis was done to
associate those specific food groups with dyslipidemia.
Moreover, Rey-Garcia et al*® reported that in their
study, the highest UPF intakes were from breakfast
cereals, nonalcoholic beverages (eg, industrially proc-
essed fruit juices), cakes and pastries, and meat prod-
ucts, although no statistical association was found
between any of the UPF sub-food groups (eg, breakfast
cereals group) and the health outcome of renal function
decline in that study. Another study included in this
review found that the main food groups contributing to
UPF intake were meat and meat products (17.8%), cakes
and pastries (12.4%), cookies (11.9%), yogurts and fer-
mented milks (9.5%), jams and confectionary (8.9%),
and precooked dishes (7.4%).* Yet, a significant associ-
ation with incident frailty was found only for the follow-
ing UPF food groups: yogurts and fermented milks
(plain yogurt is not included in this category), cakes
and pastries, and nonalcoholic beverages such as instant
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coffee and cocoa, packaged juices, and other nonalco-
holic drinks, excluding soft drinks.*!

Nonalcoholic beverages also showed a significant
linear trend when including tertiles as a continuous var-
iable in the model associated with abdominal obesity.**
The UPF food groups that contributed the most to the
association of UPF with abdominal obesity were spirits,
meat products, and soft drinks, but when comparing
those subgroups individually, no statistical significance
was found.”” Two cross-sectional studies included in
this review did not report UPF sources or subgroup
associations with health outcomes.***®

The results of the 6 studies reported in the articles
included in this review are consistent with those of a
Portuguese study of participants aged >65 years, in
which the highest UPF contribution came from indus-
trially processed cakes and desserts, yogurt and milk-
based drinks, processed meats, and packaged sweet
snacks.”” Furthermore, a multinational cohort study of
participants with a diverse age range (not unique to
older adults) concluded that an increase of UPF intake
of approximately 260 g d™' (excluding alcohol) was
associated with a higher risk of multimorbidity of can-
cer and cardiometabolic diseases (hazard ratio = 1.09).
Interestingly, the association was only found with
sugar-sweetened beverages and animal-based UPFs; no
association was found with breads and cereals or plant-
based alternatives.*® This is consistent with recent find-
ings from a study including older women aged
>60 years in whom high UPF intakes (measured as serv-
ings per day) from artificial sweeteners and sugar-
sweetened beverages, fat spreads, dairy, and condiments
were significantly associated with frailty, but the associ-
ation was not found in UPF sources coming from whole
grains.*”” Although some UPF sources are rich in free
sugars, total fats, and saturated fats, and low in fiber,
vitamins, and minerals,” others are rich in fiber and for-
tified with vitamins and minerals (eg, cereal and cereal
products).'*** These findings challenge the perception
that all UPF food sources are detrimental to health and
that the impact of UPFs could depend on the specific
sub-foods or products within the broad Nova categories,
highlighting the need for robust subgroup analy-
ses.>?>%°">* Several meta-analyses that assessed observa-
tional data sets including adults aged >18 years showed
that higher UPF intakes were associated with greater
risks of abdominal obesity and increased waist circum-
ference.'”*>>* This is consistent with findings from the
present systematic review. Possible explanations for the
association could be due to UPFs having low nutritional
quality and, therefore, associated with higher energy
intakes.”>>%*

Obesity, alongside tobacco use, insufficient fiber
intake, and lack of physical activity, are well-established
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risk factors for dyslipidemia.”” > This could explain the
observed association between high UPF intake and dys-
lipidemia in this review: participants consuming higher
amounts of UPFs also had increase TE intake and
higher rates of tobacco use compared with those with
lower UPF consumption. Similarly, elevated abdominal
fat and body mass index are known risk factors for renal
function decline.®*"®* Our findings in the present review
further confirm this association where participants with
the highest UPF intakes were associated with around
50% greater risks of renal function decline when com-
pared to those with lowest UPF intakes. This suggests
that increased UPF may contribute to increased
abdominal fat and body mass index, potentially exacer-
bating the risk of renal function decline.®’

In 2 of the 6 studies reviewed in this article, partici-
pants who had higher UPF intakes also ate less fiber,
fruits, and vegetables than those in lower UPF intake
groups.””*' Negative health effects associated with cog-
nitive function and increased UPF consumption could
be due to gut microbiome alteration caused by poor
diet quality and inadequate fiber intake, which are asso-
ciated with diets rich in UPFs, as previously
described.”*** Thus, evidence suggests a possible asso-
ciation between lower diversity and abundance of gut
microbiota (gut microbiome depletion) and impaired
cognitive function.®® This observation might support
the reason the included cross-sectional study in this
review established a link between high UPF intake and
lower performance in cognitive tests—a crucial indica-
tor of cognitive health.”® Consistent with the findings of
the present review, cognitive function decline was
observed in adults aged 35-74 years in a study in which
participants in the second, third, and fourth quartiles of
daily energy percentage contribution of UPF intake had
a 28% accelerated rate of global cognitive decline
(f=-0.004 [95%CI, —0.006 to —0.001]; P=.003) and
25% accelerated rate of executive function decline
(f=-0.003 [95% CI,—-0.005 to 0.000]; P=.01) com-
pared with individuals in the first quartile.®”

One of the 6 studies included in this review found a
significant association between high UPF consumption
and incident frailty, characterized by unintentional
weight loss, low physical activity level, and slowness.*!
Notably, UPF sources with statistical significance in that
study were all identified as refined sugar sources,
including yogurts and fermented milk (excluding natu-
ral, unsweetened options), cakes and pastries, and non-
alcoholic beverages such as instant coffee, cocoa,
packaged juices, and other nonalcoholic beverages
excluding soft drinks. These findings align with those of
another study within the same cohort that investigated
associations between added sugar intake and frailty in
adults aged >60years.”® Researchers on that study

Nutrition Reviews® Vol. 00(0):1-14

observed a greater risk of frailty development in partici-
pants with the highest added sugar intake (>36g d')
compared with those with the lowest intake (<15g d™")
(OR = 2.27 [95% CI, 1.34-3.90]; P=.003 for trend).
Furthermore, a dose-dependent increase in frailty com-
ponents like low level of physical activity and uninten-
tional weight loss was observed with increasing added
sugar intake.®® This association was particularly stron-
gest for sugars added during food production, which
means those foods are also characterized as UPFs. The
outcome of unintentional weight loss diverges from
research on adults (including both younger and middle-
aged populations) for whom intake of UPFs is linked to
increased risk of overweight and obesity.®~">

A systematic review of data from individuals aged
10-64 years (n = 10 studies) provided evidence that high
UPF intake significantly increased the risk of being
overweight and obese by 2% and 26%, respectively.”!
Conversely, a cross-sectional study of data on individu-
als (mean age, 70years) from the National Health and
Nutrition Examination Survey observed that with every
10% increase in UPF energy contribution, there was an
increase of prefrailty and frailty risk in both
underweight-normal and overweight groups by 2% and
6%, respectively.”* However, neither the highest propor-
tion of UPFs by food type consumed nor the exact
frailty phenotype was declared in that study. Although
poor diet may contribute to increasing risk of frailty, it
is important to acknowledge that weakening of muscles
and frailty could affect older adults’ physical perform-
ance and thereby influence dietary intakes toward more
UPF choices for convenience and ease of preparation.”
For instance, a study of adults aged >65 years high-
lighted that frailty is linked to lower energy intakes
(<21 kcal kg_l) and low nutrient intake of protein and
vitamins D, C, E, and folate after adjusting for TE.”
There is further research evidence that frail adults aged
>60 years had insufficient dietary intakes when com-
pared with older adults who do not suffer from frailty.””
Therefore, older adults living with frailty may be a vul-
nerable at-risk group for poor nutritional status, and
ensuring adequate energy and nutritional intake is
imperative for this population group.

An association between high UPF intakes and
adverse negative health outcomes, including abdominal
obesity, frailty, renal function decline, dyslipidemia, and
cognitive function, were identified in this review.
However, it is essential to note that UPFs encompass a
range of foods that could be favored by older adults,
including fortified CCPs. Especially because ultrapro-
cessed CCPs were the most consumed UPF by the very
old (aged >85 years) and were the source of the highest
amounts of fiber, folate, iron, and selenium.'*?*’
Additionally, UPF sources in the studies included in
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this review are mostly from foods of low nutritional
quality, and some results differ among cohorts includ-
ing adults aged >18 years (high UPF intake and unin-
tentional weight loss).”® Therefore, the conclusions
drawn from this review are limited due to the lack of
available studies (n = 6) to elucidate the specific associa-
tion between high UPF intakes and health outcomes
among older adults. Stronger evidence with a broader
range of intakes of UPF sources is important.

Strengths and Limitations

This systematic review has several strengths. To our
knowledge, it is the first systematic review to examine
the association between high amounts of UPF con-
sumption and health outcomes specifically in older
adults. A robust methodology was followed that adhered
to PRISMA guidelines. Also, all included studies had a
satisfactory participation rate as well as adequate follow-
up rates, where appropriate, which resulted in satisfac-
tory scores when using the risk-of-bias tool for all
included studies.

Conversely, there are limitations that should be
considered when interpreting the results. First, some of
the included studies measured dietary intake using a
food frequency questionnaire and self-reported dietary
history tools (ie, computer-based dietary history and
self-administered food frequency questionnaire), which
could initiate dietary recall bias.”® These tools can also
results in miscalculated UPF intake values because they
are not explicitly designed to gather UPF data. In addi-
tion, 3 of the 6 studies solely used higher PTE values to
quantify UPF intake,”®**** neglecting a grams-per-day
measurement. This approach could be susceptible to
bias from TE consumption because it could fail to cap-
ture true UPF quantity. For example, a participant with
a lower overall energy intake might have a higher PTE
of UPF intake even if the actual amount of UPF con-
sumed is relatively low. Therefore, measuring UPF as
both grams per day and energy per day offers a clearer
picture of absolute UPF intake.”” Second, the number of
studies included are limited (n =6), which reduces the
strengths of the findings. Third, in 2 of the 6 included
studies, multivariable models were adjusted for TE
intakes,””** physical activity, and chronic illnesses,
which can be a potential limitation, because a sedentary
lifestyle can be a habit of those who consume a large
amount of unhealthy foods, which also can be associ-
ated with negative health status.*® Fourth, because this
review included data from observational studies, we are
unable to provide conclusive evidence directly establish-
ing causality between high UPF intake and health out-
comes. Last, 4 of the included studies were from the
same cohort (ENRICA),”** which could indicate

12

biased results because participants share the same char-
acteristics, which limits the application of this reviews
findings to a broader population.

CONCLUSION

On the basis of current knowledge, we have reported
the first systematic review, to our knowledge, focused
on UPF and health status specifically in adults aged >60
years. Higher consumption of UPF was associated with
incident dyslipidemia, renal function decline, abdomi-
nal obesity, frailty, and poorer cognitive performance in
the studies included in this review.

Four of the 6 studies included in this review were
from the same cohort, which highlights the lack of
diversity in studies in which adults aged >60 years were
assessed independently of other age groups. In line with
the recent UK Scientific Advisory Committee on
Nutrition statement on nutrition and older adults,
emphasizes the need to evaluate the efficacy of dietary
interventions to improve health outcomes for older
adults,'® further research is required that acknowledges
the health effects of UPFs on specific age groups
throughout the life course, rather than adults as a
homogenous group. This includes properly controlled
studies with diet-reporting outcomes designed to assess
UPFs, including sensitive subgroup analysis, and phys-
iological, social, and psychological parameters relevant
to health outcomes in older adults.

Supplementary Material

Supplementary Material is available at Nutrition Reviews
online.

Author Contributions

ES., AW.W, T.H,, and A.F. conceptualized the project.
ES., AW.W,, T.H,, and A.F. were responsible for analy-
sis and interpretation of outcomes. F.S. wrote the manu-
script. F.S., AW.W,, T.H., and AF. edited and finalized
the submitted manuscript.

Funding

This research was funded in part by a doctoral scholar-
ship for Fay A. Shahatah from the Kuwait Cultural
Office.

Conflicts of Interest
A W.W. has received unrestricted research funds from

food industry organizations and the UK Research and
Innovation (UKRI). T.R.H. has received research

Nutrition Reviews® Vol. 00(0):1-14

Gz0z Aeniga | uo 1senb Aq §9E166//SZZOBNU/LINU/SE0 L 01 /10P/3[0IB-80UBAPE/SMSIASIUOIILINU/WO2 dNO olwapede//:sdiy Woil papeojumMo(]


https://academic.oup.com/nutritionreviews/article-lookup/doi/10.1093/nutrit/nuae223#supplementary-data

funding from various UKRI sources and university-
administered consultancy and research from Noble
Foods Ltd, has served on committees for the Royal
Osteoporosis Society, currently serves as the Honorary
Treasurer ad Trustee of the UK and Ireland Nutrition
Society, and is a director of Cambridge Court
Enterprises, the trading company of the Nutrition
Society. These disclosures are provided for transpar-
ency, though none of the funding sources or roles relate
to the present research work and article.

REFERENCES

World Health Organization. Global Strategy and Action Plan on Ageing and Health.
World Health Organization; 2023. Accessed December 25, 2023. https://www.
who.int/publications/i/item/9789241513500

Tran H-PT, Leonard SD. Geriatric assessment for primary care providers. Prim
Care. 2017;44:399-411. https://doi.org/10.1016/j.pop.2017.05.001

Saunders J, Smith T, Stroud M. Malnutrition and undernutrition. Medicine.
2011;39:45-50. https://doi.org/10.1016/j.mpmed.2010.10.007

Coelho-Junior HJ, Calvani R, Azzolino D, et al. Protein intake and sarcopenia in
older adults: a systematic review and meta-analysis. Int J Environ Res Public
Health. 2022;19:8718. https://doi.org/10.3390/ijerph19148718

Martini D, Godos J, Bonaccio M, Vitaglione P, Grosso G. Ultra-processed foods and
nutritional dietary profile: a meta-analysis of nationally representative samples.
Nutrients. 2021;13:3390. https://doi.org/10.3390/nu13103390

Ferry M, Sidobre B, Lambertin A, Barberger-Gateau P. The SOLINUT study: analysis
of the interaction between nutrition and loneliness in persons aged over 70
years. J Nutr Health Aging. 2005;9:261-268.

Amarya S, Singh K, Sabharwal M. Changes during aging and their association
with malnutrition. J Clin Gerontol Geriatr. 2015;6:78-84. https://doi.org/10.1016/j.
jcgg.2015.05.003

Dorrington N, Fallaize R, Hobbs DA, Weech M, Lovegrove JA. A review of nutri-
tional requirements of adults aged >65 years in the UK. J Nutr.
2020;150:2245-2256. https://doi.org/10.1093/jn/nxaa153

Mathers JC. Impact of nutrition on the ageing process. Br J Nutr. 2015;113(suppl):
$18-522. https://doi.org/10.1017/50007114514003237

Fekete M, Szarvas Z, Fazekas-Pongor V, et al. Nutrition strategies promoting
healthy aging: from improvement of cardiovascular and brain health to preven-
tion of age-associated diseases. Nutrients. 2022;15:47. https://doi.org/10.3390/
nu15010047

Granic A, Mendonca N, Hill TR, et al. Nutrition in the very old. Nutrients.
2018;10:269. https://doi.org/10.3390/nu10030269

Granic A, Davies K, Adamson A, et al. Dietary patterns and socioeconomic status
in the very old: the Newcastle 85+ Study. PLoS One. 2015;10:0139713. https:/
doi.org/10.1371/journal.pone.0139713

Scientific Advisory Committee on Nutrition. SACN statement on nutrition and
older adults living in the community. UK Government; 2023. Accessed December
20, 2023. https://assets.publishing.service.gov.uk/media/
6007fdc78fa8f50d8f210fb9/SACN_Nutrition_and_older_adults.pdf

Mendonca N, Hill TR, Granic A, et al. Macronutrient intake and food sources in the
very old: analysis of the Newcastle 85+ Study. Br J Nutr. 2016;115:2170-2180.
https://doi.org/10.1017/50007114516001379

Chen X, Zhang Z, Yang H, et al. Consumption of ultra-processed foods and health
outcomes: a systematic review of epidemiological studies. Nutr J. 2020;19:86.
https://doi.org/10.1186/512937-020-00604-1

Delpino FM, Figueiredo LM, Bielemann RM, et al. Ultra-processed food and risk of
type 2 diabetes: a systematic review and meta-analysis of longitudinal studies. Int
J Epidemiol. 2022;51:1120-1141. https://doi.org/10.1093/ije/dyab247

Shu L, Zhang X, Zhou J, Zhu Q, Si C. Ultra-processed food consumption and
increased risk of metabolic syndrome: a systematic review and meta-analysis of
observational studies. Front Nutr. 2023;10:1211797. https://doi.org/10.3389/fnut.
2023.1211797

Rauber F, da Costa Louzada ML, Steele EM, Millett C, Monteiro CA, Levy RB. Ultra-
processed food consumption and chronic non-communicable diseases-related
dietary nutrient profile in the UK (2008-2014). Nutrients. 2018;10:587. https://doi.
0rg/10.3390/nu10050587

Moradi S, Entezari MH, Mohammadi H, et al. Ultra-processed food consumption
and adult obesity risk: a systematic review and dose-response meta-analysis. Crit
Rev Food Sci Nutr. 2023;63:249-260. https://doi.org/10.1080/10408398.2021.
1946005

Nutrition Reviews® Vol. 00(0):1-14

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Moradi S, Hojjati Kermani MA, Bagheri R, et al. Ultra-processed food consumption
and adult diabetes risk: a systematic review and dose-response meta-analysis.
Nutrients. 2021;13:4410. https://doi.org/10.3390/nu13124410

Isaksen IM, Dankel SN. Ultra-processed food consumption and cancer risk: a sys-
tematic review and meta-analysis. Clin Nutr. 2023;42:919-928. https://doi.org/10.
1016/j.cInu.2023.03.018

Pagliai G, Dinu M, Madarena MP, Bonaccio M, lacoviello L, Sofi F. Consumption of
ultra-processed foods and health status: a systematic review and meta-analysis.
Br J Nutr. 2021;125:308-318. https://doi.org/10.1017/50007114520002688
Mendonca N, Hill TR, Granic A, et al. Micronutrient intake and food sources in the
very old: analysis of the Newcastle 854 Study. Br J Nutr. 2016;116:751-761.
https://doi.org/10.1017/50007 114516002567

Monteiro CA, Martinez-Steele E, Cannon G. Reasons to avoid ultra-processed
foods. BMJ. 2024;384:q439. https://doi.org/10.1136/bmj.q439

Lane MM, Gamage E, Du S, et al. Ultra-processed food exposure and adverse
health outcomes: umbrella review of epidemiological meta-analyses. BMJ.
2024;384:€077310. https://doi.org/10.1136/bmj-2023-077310

Woodward M. Epidemiology: Study Design and Data analysis. CRC Press; 2013.
Srour B, Fezeu LK, Kesse-Guyot E, et al. Ultraprocessed food consumption and risk
of type 2 diabetes among participants of the NutriNet-Santé prospective cohort.
JAMA Intern Med. 2020;180:283-291. https://doi.org/10.1001/jamainternmed.
2019.5942

Aramburu A, Alvarado-Gamarra G, Cornejo R, et al. Ultra-processed foods con-
sumption and health-related outcomes: a systematic review of randomized con-
trolled trials. Front Nutr. 2024;11:1421728. https://doi.org/10.3389/fnut.2024.
1421728

Silva GMD, Assumpcao D, Freiria CN, Borim FSA, de Brito TRP, Corona LP.
Association of food consumption according to the degree of processing and soci-
odemographic conditions in older adults. Foods. 2023;12:4108. https://doi.org/10.
3390/foods12224108

Zupo R, Donghia R, Castellana F, et al. Ultra-processed food consumption and
nutritional frailty in older age. Geroscience. 2023;45:2229-2243. https://doi.org/10.
1007/511357-023-00753-1

Whitelock E, Ensaff H. On your own: older adults’ food choice and dietary habits.
Nutrients. 2018;10:403. https://doi.org/10.3390/nu10040413

Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 statement: an
updated guideline for reporting systematic reviews. BMJ. 2021;372:n71. https://
doi.org/10.1136/bmj.n71

Covidence. Covidence Systematic Review Software. Covidence; 2023. https://www.
covidence.org/

Wells G, Shea B, O'Connell D, et al. The Newcastle-Ottawa Scale (NOS) for
Assessing the Quality of Nonrandomised Studies in Meta-Analyses. The Ottawa
Hospital. Accessed October 1, 2023. https://www.ohri.ca/programs/clinical_epi-
demiology/oxford.asp

Herzog R, Alvarez-Pasquin MJ, Diaz C, Del Barrio JL, Estrada JM, Gil A. Are health-
care workers' intentions to vaccinate related to their knowledge, beliefs and atti-
tudes? A systematic review. BVIC Public Health. 2013;13:154. https://doi.org/10.
1186/1471-2458-13-154

Shu L, Huang Y-Q, Zhang X-Y, Zheng P-F, Zhu Q, Zhou J-Y. Adherence to the
Dietary Approaches to Stop Hypertension diet reduces the risk of breast cancer: a
systematic review and meta-analysis. Front Nutr. 2022;9:1032654. https://doi.org/
10.3389/fnut.2022.1032654

Martinez Steele E, Juul F, Neri D, Rauber F, Monteiro CA. Dietary share of ultra-
processed foods and metabolic syndrome in the US adult population. Prev Med.
2019;125:40-48. https://doi.org/10.1016/j.ypmed.2019.05.004

R Cardoso B, Machado P, Steele EM. Association between ultra-processed food
consumption and cognitive performance in US older adults: a cross-sectional
analysis of the NHANES 2011-2014. Eur J Nutr. 2022;61:3975-3985. https://doi.
0rg/10.1007/500394-022-02911-1

Donat-Vargas C, Sandoval-Insausti H, Rey-Garcia J, et al. High consumption of
ultra-processed food is associated with incident dyslipidemia: a prospective study
of older adults. J Nutr. 2021;151:2390-2398. https://doi.org/10.1093/jn/nxab118
Rey-Garcia J, Donat-Vargas C, Sandoval-Insausti H, et al. Ultra-processed food
consumption is associated with renal function decline in older adults: a prospec-
tive cohort study. Nutrients. 2021;13:1-13. https://doi.org/10.3390/nu13020428
Sandoval-Insausti H, Blanco-Rojo R, Graciani A, et al. Ultra-processed food con-
sumption and incident frailty: a prospective cohort study of older adults. J
Gerontol A Biol Sci Med Sci. 2020;75:1126-1133. https://doi.org/10.1093/GERONA/
GLZ140

Sandoval-Insausti H, Jiménez-Onsurbe M, Donat-Vargas C, et al. Ultra-processed
food consumption is associated with abdominal obesity: a prospective cohort
study in older adults. Nutrients. 2020;12:1-11. https://doi.org/10.3390/
nu12082368

World Health Organization. Waist Circumference and Waist-Hip Ratio: Report of a
WHO Expert Consultation. World Health Organization; 2024. https://www.who.int/
publications/i/item/9789241501491

13

Gz0z Aeniga | uo 1senb Aq §9E166//SZZOBNU/LINU/SE0 L 01 /10P/3[0IB-80UBAPE/SMSIASIUOIILINU/WO2 dNO olwapede//:sdiy Woil papeojumMo(]


https://www.who.int/publications/i/item/9789241513500
https://www.who.int/publications/i/item/9789241513500
https://doi.org/10.1016/j.pop.2017.05.001
https://doi.org/10.1016/j.mpmed.2010.10.007
https://doi.org/10.3390/ijerph19148718
https://doi.org/10.3390/nu13103390
https://doi.org/10.1016/j.jcgg.2015.05.003
https://doi.org/10.1016/j.jcgg.2015.05.003
https://doi.org/10.1093/jn/nxaa153
https://doi.org/10.1017/S0007114514003237
https://doi.org/10.3390/nu15010047
https://doi.org/10.3390/nu15010047
https://doi.org/10.3390/nu10030269
https://doi.org/10.1371/journal.pone.0139713
https://doi.org/10.1371/journal.pone.0139713
https://assets.publishing.service.gov.uk/media/6007fdc78fa8f50d8f210fb9/SACN_Nutrition_and_older_adults.pdf
https://assets.publishing.service.gov.uk/media/6007fdc78fa8f50d8f210fb9/SACN_Nutrition_and_older_adults.pdf
https://doi.org/10.1017/S0007114516001379
https://doi.org/10.1186/s12937-020-00604-1
https://doi.org/10.1093/ije/dyab247
https://doi.org/10.3389/fnut.2023.1211797
https://doi.org/10.3389/fnut.2023.1211797
https://doi.org/10.3390/nu10050587
https://doi.org/10.3390/nu10050587
https://doi.org/10.1080/10408398.2021.1946005
https://doi.org/10.1080/10408398.2021.1946005
https://doi.org/10.3390/nu13124410
https://doi.org/10.1016/j.clnu.2023.03.018
https://doi.org/10.1016/j.clnu.2023.03.018
https://doi.org/10.1017/S0007114520002688
https://doi.org/10.1017/S0007114516002567
https://doi.org/10.1136/bmj.q439
https://doi.org/10.1136/bmj-2023-077310
https://doi.org/10.1001/jamainternmed.2019.5942
https://doi.org/10.1001/jamainternmed.2019.5942
https://doi.org/10.3389/fnut.2024.1421728
https://doi.org/10.3389/fnut.2024.1421728
https://doi.org/10.3390/foods12224108
https://doi.org/10.3390/foods12224108
https://doi.org/10.1007/s11357-023-00753-1
https://doi.org/10.1007/s11357-023-00753-1
https://doi.org/10.3390/nu10040413
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1136/bmj.n71
https://www.covidence.org/
https://www.covidence.org/
https://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
https://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
https://doi.org/10.1186/1471-2458-13-154
https://doi.org/10.1186/1471-2458-13-154
https://doi.org/10.3389/fnut.2022.1032654
https://doi.org/10.3389/fnut.2022.1032654
https://doi.org/10.1016/j.ypmed.2019.05.004
https://doi.org/10.1007/s00394-022-02911-1
https://doi.org/10.1007/s00394-022-02911-1
https://doi.org/10.1093/jn/nxab118
https://doi.org/10.3390/nu13020428
https://doi.org/10.1093/GERONA/GLZ140
https://doi.org/10.1093/GERONA/GLZ140
https://doi.org/10.3390/nu12082368
https://doi.org/10.3390/nu12082368
https://www.who.int/publications/i/item/9789241501491
https://www.who.int/publications/i/item/9789241501491

45,

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.
58.

59.

60.

61.

62.

Monteiro CA, Moubarac JC, Cannon G, Ng SW, Popkin B. Ultra-processed products
are becoming dominant in the global food system. Obes Rev. 2013;14(suppl
2):21-28. https://doi.org/10.1111/0br.12107

Eurostat. Ageing Europe—statistics on housing and living conditions. Eurostat;
2024. https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Ageing_
Europe_-_statistics_on_housing_and_living_conditions

Poti JM, Braga B, Qin B. Ultra-processed food intake and obesity: what really mat-
ters for health-processing or nutrient content? Curr Obes Rep. 2017;6:420-431.
https://doi.org/10.1007/513679-017-0285-4

Costa De Miranda R, Rauber F, De Moraes MM, et al.; UPPER Group. Consumption
of ultra-processed foods and non-communicable disease-related nutrient profile
in Portuguese adults and elderly (2015-2016): the UPPER Project. Br J Nutr.
2021;125:1177-1187. https://doi.org/10.1017/5000711452000344X

Cordova R, Viallon V, Fontvieille E, et al. Consumption of ultra-processed foods
and risk of multimorbidity of cancer and cardiometabolic diseases: a multina-
tional cohort study. Lancet Reg Health Eur. 2023;35:100771. https://doi.org/10.
1016/j.lanepe.2023.100771

Fung TT, Rossato SL, Chen Z, et al. Ultraprocessed foods, unprocessed or mini-
mally processed foods, and risk of frailty in a cohort of United States females. Am
J Clin Nutr. 2024;120:232-239. https://doi.org/10.1016/j.ajcnut.2024.05.006

Fardet A. Minimally processed foods are more satiating and less hyperglycemic
than ultra-processed foods: a preliminary study with 98 ready-to-eat foods. Food
Funct. 2016;7:2338-2346. https://doi.org/10.1039/c6fo00107f

Imamura F, O'Connor L, Ye Z, et al. Consumption of sugar sweetened beverages,
artificially sweetened beverages, and fruit juice and incidence of type 2 diabetes:
systematic review, meta-analysis, and estimation of population attributable frac-
tion. BMJ. 2015;351:h3576. https://doi.org/10.1136/bmj.h3576

Rippe JM, Angelopoulos TJ. Relationship between added sugars consumption
and chronic disease risk factors: current understanding. Nutrients. 2016;8:697.
https://doi.org/10.3390/nu8110697

Elizabeth L, Machado P, Zinocker M, Baker P, Lawrence M. Ultra-processed foods
and health outcomes: a narrative review. Nutrients. 2020;12:1955. https://doi.org/
10.3390/nu12071955

Lane MM, Davis JA, Beattie S, et al. Ultraprocessed food and chronic noncommu-
nicable diseases: a systematic review and meta-analysis of 43 observational stud-
ies. Obes Rev. 2021;22: e13146. https://doi.org/10.1111/0br.13146

Fardet A, Méjean C, Labouré H, Andreeva VA, Feron G. The degree of processing
of foods which are most widely consumed by the French elderly population is
associated with satiety and glycemic potentials and nutrient profiles. Food Funct.
2017;8:651-658. https://doi.org/10.1039/c6fo01495)

Martinez Steele E, Raubenheimer D, Simpson SJ, Baraldi LG, Monteiro CA. Ultra-
processed foods, protein leverage and energy intake in the USA. Public Health
Nutr. 2018;21:114-124. https://doi.org/10.1017/5S1368980017001574

Feingold KR. Obesity and Dyslipidemia. MDText.com Inc.; 2000.

Lairon D, Arnault N, Bertrais S, et al. Dietary fiber intake and risk factors for cardio-
vascular disease in French adults. Am J Clin Nutr. 2005;82:1185-1194. https:/doi.
0rg/10.1093/ajcn/82.6.1185

Erem C, Hacihasanoglu A, Deger O, Kocak M, Topbas M. Prevalence of dyslipide-
mia and associated risk factors among Turkish adults: Trabzon Lipid Study.
Endocrine. 2008;34:36-51. https://doi.org/10.1007/512020-008-9100-z

Gelber RP, Kurth T, Kausz AT, et al. Association between body mass index and
CKD in apparently healthy men. Am J Kidney Dis. 2005;46:871-880. https://doi.
0rg/10.1053/j.ajkd.2005.08.015

Iseki K, lkemiya Y, Kinjo K, Inoue T, Iseki C, Takishita S. Body mass index and the
risk of development of end-stage renal disease in a screened cohort. Kidney Int.
2004;65:1870-1876. https://doi.org/10.1111/j.1523-1755.2004.00582.x
Kwakernaak AJ, Toering TJ, Navis G. Body mass index and body fat distribution as
renal risk factors: a focus on the role of renal haemodynamics. Nephrol Dial
Transplant. 2013;28(suppl 4):iv42-iv49. https://doi.org/10.1093/ndt/gft331

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

He X, Zhang X, Si C, et al. Ultra-processed food consumption and chronic kidney
disease risk: a systematic review and dose-response meta-analysis. Front Nutr.
2024;11:1359229. https://doi.org/10.3389/fnut.2024.1359229

Deehan EC, Walter J. The fiber gap and the disappearing gut microbiome: impli-
cations for human nutrition. Trends Endocrinol Metab. 2016;27:239-242. https:/
doi.org/10.1016/j.tem.2016.03.001

Dicken SJ, Batterham RL. The role of diet quality in mediating the association
between ultra-processed food intake, obesity and health-related outcomes: a
review of prospective cohort studies. Nutrients. 2021;14:23. https://doi.org/10.
3390/nu14010023

Noble EE, Hsu TM, Kanoski SE. Gut to brain dysbiosis: mechanisms linking
Western diet consumption, the microbiome, and cognitive impairment. Front
Behav Neurosci. 2017;11:9. https://doi.org/10.3389/fnbeh.2017.00009

Gomes Gongalves N, Vidal Ferreira N, Khandpur N, et al. Association between
consumption of ultraprocessed foods and cognitive decline. JAMA Neurol.
2023;80:142-150. https://doi.org/10.1001/jamaneurol.2022.4397

Laclaustra M, Rodriguez-Artalejo F, Guallar-Castillon P, et al. Prospective associa-
tion between added sugars and frailty in older adults. Am J Clin Nutr.
2018;107:772-779. https://doi.org/10.1093/ajcn/nqy028

Silva FM, Giatti L, de Figueiredo RC, et al. Consumption of ultra-processed food
and obesity: Cross sectional results from the Brazilian Longitudinal Study of Adult
Health (ELSA-Brasil) cohort (2008-2010). Public Health Nutr. 2018;21:2271-2279.
https://doi.org/10.1017/51368980018000861

Nardocci M, Leclerc BS, Louzada ML, Monteiro CA, Batal M, Moubarac JC.
Consumption of ultra-processed foods and obesity in Canada. Can J Public
Health. 2019;110:4-14. https://doi.org/10.17269/541997-018-0130-x

Askari M, Heshmati J, Shahinfar H, Tripathi N, Daneshzad E. Ultra-processed food
and the risk of overweight and obesity: a systematic review and meta-analysis of
observational studies. Int J Obes (Lond). 2020;44:2080-2091. https://doi.org/10.
1038/541366-020-00650-z

Machado PP, Steele EM, Levy RB, et al. Ultra-processed food consumption and
obesity in the Australian adult population. Nutr Diabetes. 2020;10:39. https://doi.
0rg/10.1038/s41387-020-00141-0

Dicken SJ, Batterham RL. Ultra-processed food and obesity: what is the evidence?
Curr Nutr Rep. 2024;13:23-38. https://doi.org/10.1007/513668-024-00517-z

Hao J, Zhou P, Qiu H. Association between ultra-processed food consumption
and frailty in american elder people: evidence from a cross-sectional study. J Nutr
Health Aging. 2022;26:688-697. https://doi.org/10.1007/512603-022-1824-6
Cruz-Jentoft AJ, Kiesswetter E, Drey M, Sieber CC. Nutrition, frailty, and sarcope-
nia. Aging Clin Exp Res. 2017;29:43-48. https://doi.org/10.1007/540520-016-0
709-0

Bartali B, Frongillo EA, Bandinelli S, et al. Low nutrient intake is an essential com-
ponent of frailty in older persons. J Gerontol A Biol Sci Med Sci. 2006;61:589-593.
https://doi.org/10.1093/gerona/61.6589

Smit E, Winters-Stone KM, Loprinzi PD, Tang AM, Crespo CJ. Lower nutritional sta-
tus and higher food insufficiency in frail older US adults. Br J Nutr.
2013;110:172-178. https://doi.org/10.1017/5000711451200459X

Dwyer JT, Coleman KA. Insights into dietary recall from a longitudinal study: accu-
racy over four decades. Am J Clin Nutr. 1997;65:11535-1158S. https://doi.org/10.
1093/ajcn/65.4.1153S

Martinez-Steele E, Khandpur N, Batis C, et al. Best practices for applying the Nova
food classification system. Nat Food. 2023;4:445-448. https://doi.org/10.1038/
s43016-023-00779-w

Alosaimi N, Sherar LB, Griffiths P, Pearson N. Clustering of diet, physical activity
and sedentary behaviour and related physical and mental health outcomes: a
systematic review. BMC Public Health. 2023. 2023;23:1572. https://doi.org/10.
1186/512889-023-16372-6

© The Author(s) 2025. Published by Oxford University Press on behalf of the International Life Sciences Institute.

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits
unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.

Nutrition Reviews, 2025, 00, 1-14
https://doi.org/10.1093/nutrit/nuae223
Systematic Review

14

Nutrition Reviews® Vol. 00(0):1-14

Gz0z Aeniga | uo 1senb Aq §9E166//SZZOBNU/LINU/SE0 L 01 /10P/3[0IB-80UBAPE/SMSIASIUOIILINU/WO2 dNO olwapede//:sdiy Woil papeojumMo(]


https://doi.org/10.1111/obr.12107
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Ageing_Europe_-_statistics_on_housing_and_living_conditions
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Ageing_Europe_-_statistics_on_housing_and_living_conditions
https://doi.org/10.1007/s13679-017-0285-4
https://doi.org/10.1017/S000711452000344X
https://doi.org/10.1016/j.lanepe.2023.100771
https://doi.org/10.1016/j.lanepe.2023.100771
https://doi.org/10.1016/j.ajcnut.2024.05.006
https://doi.org/10.1039/c6fo00107f
https://doi.org/10.1136/bmj.h3576
https://doi.org/10.3390/nu8110697
https://doi.org/10.3390/nu12071955
https://doi.org/10.3390/nu12071955
https://doi.org/10.1111/obr.13146
https://doi.org/10.1039/c6fo01495j
https://doi.org/10.1017/S1368980017001574
http://www.MDText.com Inc
https://doi.org/10.1093/ajcn/82.6.1185
https://doi.org/10.1093/ajcn/82.6.1185
https://doi.org/10.1007/s12020-008-9100-z
https://doi.org/10.1053/j.ajkd.2005.08.015
https://doi.org/10.1053/j.ajkd.2005.08.015
https://doi.org/10.1111/j.1523-1755.2004.00582.x
https://doi.org/10.1093/ndt/gft331
https://doi.org/10.3389/fnut.2024.1359229
https://doi.org/10.1016/j.tem.2016.03.001
https://doi.org/10.1016/j.tem.2016.03.001
https://doi.org/10.3390/nu14010023
https://doi.org/10.3390/nu14010023
https://doi.org/10.3389/fnbeh.2017.00009
https://doi.org/10.1001/jamaneurol.2022.4397
https://doi.org/10.1093/ajcn/nqy028
https://doi.org/10.1017/S1368980018000861
https://doi.org/10.17269/s41997-018-0130-x
https://doi.org/10.1038/s41366-020-00650-z
https://doi.org/10.1038/s41366-020-00650-z
https://doi.org/10.1038/s41387-020-00141-0
https://doi.org/10.1038/s41387-020-00141-0
https://doi.org/10.1007/s13668-024-00517-z
https://doi.org/10.1007/s12603-022-1824-6
https://doi.org/10.1007/s40520-016-0709-0
https://doi.org/10.1007/s40520-016-0709-0
https://doi.org/10.1093/gerona/61.6589
https://doi.org/10.1017/S000711451200459X
https://doi.org/10.1093/ajcn/65.4.1153S
https://doi.org/10.1093/ajcn/65.4.1153S
https://doi.org/10.1038/s43016-023-00779-w
https://doi.org/10.1038/s43016-023-00779-w
https://doi.org/10.1186/s12889-023-16372-6
https://doi.org/10.1186/s12889-023-16372-6

	Active Content List
	INTRODUCTION
	METHODS
	RESULTS
	DISCUSSION
	CONCLUSION
	References


