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Abstract: Background/Objectives: This scoping review explores the relationship between
ultra-processed food (UPF), bone health, and joint diseases, focusing on its potential
impact on bone mineral density (BMD), osteoporosis, osteoarthritis, and inflammatory
arthritis, including rheumatoid arthritis (RA), gout, and spondyloarthritis. Methods: A
search strategy was developed using key terms such as “ultra-processed food” and related
terms like “fast food,” alongside various definitions of bone health impairment, chronic
degenerative joint diseases, and inflammatory arthritis. Results: A total of 19 studies
were included: 12 on bone health, 3 on osteoarthritis, and 4 on inflammatory arthritis.
Preclinical studies showed that UPF consumption negatively affects bone structure and
strength. In studies on children and adults, four investigations (2013–2017) found no
association between fast food intake and BMD. However, more recent large-scale cross-
sectional studies linked higher UPF consumption to lower BMD, increased osteoporosis risk,
and greater prevalence of osteopenia, particularly in postmenopausal women. UPF intake
was associated with knee osteoarthritis risk, with evidence suggesting an interaction with
cartilage thickness, though no association was found for hip osteoarthritis. In inflammatory
arthritis, UK Biobank data indicated a higher risk of RA and gout in UPF consumers, while a
Brazilian study reported worse metabolic profiles in RA patients. No significant differences
in UPF intake were found in spondyloarthritis. Conclusions: This review highlights
relevant considerations about the deleterious role of UPF on bone health and joint diseases,
providing additional evidence to suggest healthier dietary patterns to patients and to the
general population.

Keywords: ultra-processed; food; osteoporosis; bone; osteoarthritis; rheumatoid arthritis;
gout

1. Introduction
According to the NOVA Food classification system, which categorizes foods based

on the extent and purpose of their processing, ultra-processed foods (UPFs) are industrial
formulations with little to no whole foods, containing additives, preservatives and artificial
substances to enhance taste, texture, appearance and durability [1]. The most commonly
consumed UPFs include soft and sweetened beverages, processed bread, refined breakfast
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cereals, confectionery products, pre-packaged sauces, ready-to-heat meals and processed
meat products [2].

UPFs are a highly relevant topic given the steadily increasing sales and consumption
trends, not only in Western societies but also in low- and middle-income countries [3].
UPFs are widespread for several reasons: they are convenient, easy to consume on the go,
require no preparation or utensils, are highly palatable, and are typically inexpensive [1].
These undesirable characteristics are further reinforced by aggressive and sophisticated
marketing strategies that shape social norms, disproportionately affecting vulnerable
groups, particularly children [4]. Nutritionally, UPFs are high in refined sugars, saturated
fats, sodium and additives, yet lacking in essential nutrients such as fiber, protein, and key
micronutrients including potassium, magnesium, vitamin C, vitamin D, zinc, phosphorus,
vitamin B12, niacin and antioxidants [5,6].

These nutritional deficits are strongly linked to poor health outcomes. As energy-dense
foods, UPFs contribute to excessive calorie intake and are associated with a 39% higher
risk of obesity, a 79% increased risk of metabolic syndrome, and up to a 31% greater risk of
diabetes [7,8]. Furthermore, diets rich in UPFs are linked to an elevated risk of coronary
artery disease, stroke, cardiovascular mortality and all-cause mortality [9–11].

The health risks extend beyond metabolic disorders. UPF consumption has been
associated with an increased risk of cancer, including an 11% higher risk of breast tumors,
a 30% greater risk of colorectal tumors and a 49% increased risk of pancreatic cancer [12].
Moreover, as scientific research in this field advances, it continues to reveal further health
implications. UPF consumption has been linked to cognitive decline, psychiatric disorders
such as anxiety and depression, inflammatory bowel disease and demyelinating diseases
such as multiple sclerosis [10,13–15].

Dietary patterns have long been recognized as key determinants of bone health and
osteoporosis risk. Nutrient-rich diets, such as the Mediterranean diet, have been associated
with higher bone mineral density (BMD) and lower fracture risk, likely due to their high
content of calcium, vitamin D, polyphenols, and omega-3 fatty acids [16,17]. Conversely,
Western dietary patterns, characterized by a high intake of refined carbohydrates, satu-
rated fats, and processed foods, have been linked to lower BMD and an increased risk of
osteoporosis [18,19]. Most research in this area has focused on specific nutrients, such as
calcium, vitamin D, and protein, or on overall dietary patterns rather than on the role of
UPF consumption as a distinct risk factor for bone fragility [20]. Given the rising global
consumption of UPFs and their well-documented impact on metabolic and inflammatory
pathways, investigating their effects on bone health, osteoporosis risk, and joint diseases is
of increasing clinical importance [21].

2. Materials and Methods
This scoping review was conducted in accordance with the methodological guidelines

of the Joanna Briggs Institute [22]. We used the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis extension for Scoping Reviews (PRISMA-ScR) checklist to
guide the structured reporting of the review (Supplementary File) [23]. The protocol was
registered in the Open Science Framework (OSF) Registries (https://doi.org/10.17605/OSF.
IO/DEXGB) accessed on 14 February 2025. In line with scoping review’s methodology, no
critical appraisal or risk of bias assessment was performed in the included studies [22].

2.1. Eligibility Criteria and Study Selection

The Population, Concept, and Context (PCC) framework was used to formulate the
research question and define the inclusion criteria. Studies were included if they met the
following criteria:

https://doi.org/10.17605/OSF.IO/DEXGB
https://doi.org/10.17605/OSF.IO/DEXGB
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• Population:

# Preclinical studies: mice or rat models.
# Human studies: children or adults.

• Concept:

# Preclinical models: effects of UPF on bone health, bone growth, histomorpho-
metric properties.

# Clinical studies: impact of UPF on BMD, osteoporosis, osteoarthritis (OA) and
inflammatory arthritis incidence; influence of UPF consumption on patients
already diagnosed with chronic joint diseases, such as OA and inflamma-
tory arthritis.

• Context:

# Preclinical studies: animal models in which UPF-fed mice or rats underwent
bone health assessments.

# Bone health and disease risk: studies evaluating the association between UPF
consumption and the risk of developing osteoporosis, low BMD, fractures, or
inflammatory arthritis.

# Impact on existing conditions: Studies investigating the effects of UPF intake on
disease activity, progression, and related metabolic or inflammatory outcomes
in patients with established chronic joint diseases.

We included randomized controlled trials (RCTs), quasi-RCTs, prospective and retro-
spective cohort studies, case–control studies, cross-sectional studies, and qualitative reports.
Conference proceedings were also considered.

2.2. Search Strategy

After having registered the protocol on OSF, we conducted a comprehensive literature
search in MedLine (via PubMed), Web of Science (WOS), and Embase, up to 14 February
2025. The search strategy included key terms related to UPF, bone health, and chronic joint
diseases. Specifically, we used terms such as “ultra-processed food,” “highly processed
food,” and “fast food” to identify dietary exposures. For the assessment of the outcomes, we
included terms related to bone health (e.g., bone mineral density, osteoporosis, osteopenia,
bone growth, bone health, bone diseases, fracture, bone loss) and chronic joint diseases
(e.g., osteoarthritis, rheumatoid arthritis, psoriatic arthritis, spondyloarthritis, ankylosing
spondylitis, gout). To ensure full transparency and reproducibility, the complete search
strategy for each database is provided as a Supplementary File.

We also performed manual searches using relevant keywords and screened the refer-
ences of included articles to find additional sources. The search strategy was developed
and conducted by two independent authors (J.C. and L.M.) and supervised by a senior
investigator (F.U.). No restrictions were applied on publication date.

2.3. Study Selection and Data Charting

After the removal of duplicate records, two reviewers (J.C. and L.M.) independently
screened all titles and abstracts of the retrieved articles. Full-text assessment was performed
for potentially eligible studies. Any discrepancies during the study selection process were
resolved through discussion, and a senior investigator (F.U.) was consulted when consensus
could not be reached.

For each included study, the following information was extracted: first author, year of
publication, country, study design, sample size, study population (preclinical models or
human participants), exposure assessment (UPF consumption), comparator groups (if appli-
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cable), outcomes assessed (e.g., bone mineral density, osteoporosis, fractures, osteoarthritis,
inflammatory arthritis), and key findings related to UPF and musculoskeletal health.

2.4. Synthesis of Results

We conducted a narrative synthesis of the extracted data, structured into five main
sections based on study populations and disease areas:

Preclinical studies on bone health

• This section summarizes findings from animal models assessing the impact of UPF
consumption on bone health.

• Key outcomes include changes in bone biomechanical properties, histomorphometric
parameters, bone growth, and mineralization in rodents fed with UPF diets.

UPF and bone health in children and adolescents

• This section compiles evidence from studies evaluating the relationship between UPF
consumption and BMD or bone health markers in pediatric and adolescent populations.

• Findings include differences in BMD, bone turnover markers, and skeletal growth
patterns in children with high UPF intake.

UPF and bone health in adults

• This section synthesizes clinical studies exploring the association between UPF intake
and bone health in adults.

• Key outcomes include the impact of UPF on osteopenia, osteoporosis, fracture risk,
and changes in BMD in different adult populations.

UPF and osteoarthritis

• This section summarizes studies investigating the link between UPF consumption and
the risk or progression of OA.

• Outcomes include the prevalence and severity of OA, cartilage integrity, pain levels,
and functional impairment in individuals with high UPF consumption.

UPF and inflammatory arthritis

• This section reviews evidence on UPF intake and the risk or progression of inflamma-
tory arthritis, including rheumatoid arthritis (RA), spondyloarthritis (SpA), and gout.

• Findings cover the influence of UPF on disease incidence, inflammation markers,
symptom severity, disease progression, and metabolic comorbidities in patients with
inflammatory arthritis.

3. Results
The database search yielded a total of 119 studies (PubMed: 24, WOS: 50, Embase:

45). After removing 40 duplicates, 79 records remained for screening. Following title
and abstract screening, 60 studies were excluded, leaving 19 full-text articles that met the
inclusion criteria and were included in the qualitative synthesis (Table 1).

Of the 19 included studies, 12 focused on bone health, with 3 preclinical and 9 clinical
studies, while 7 investigated chronic joint diseases. Additionally, four studies were con-
ference proceedings. The studies were published between 2013 and 2025 and originated
from the United States (5), China (4), Korea (3), Israel (2), Brazil (1), the United Kingdom
(1), Portugal (1), Japan (1) and France (1).

A flowchart illustrating the study selection process is presented in Figure 1.
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Table 1. Characteristics of the included studies.

First
Author

Year of
Publication

Country of
Affiliation of
First Author

Publication
Type

Study
Design

Sample
Size

Study
Population

Exposure
Assessment

Outcomes
Assessed Key Findings

Akkaya Z.
[24] 2024 United States Conference

proceeding
Cross-

sectional 4330

OA patients
from the

Osteoarthritis
Initiative

cohort

Self-reported
UPF intake

Cartilage
thickness in

knee OA

Greater UPF intake was
linked to thinner knee

cartilage, particularly in
women with OA.

Greatorex
Brooks E.L.

[25]
2025 United States Full-text

article
Cross-

sectional 5729
adults from

the NHANES
cohort

UPF % of total
energy intake

Osteoporosis
prevalence
and BMD

Higher UPF consumption
was associated with

increased osteoporosis
prevalence and lower BMD
in NHANES participants.

Lim H.S.
[26] 2018 Korea Full-text

article
Cross-

sectional 161 college
students

Self-reported
frequency of

fast food
consumption

Total body
BMD and

dietary
influence

Frequent fast-food
consumption was

negatively associated with
total body BMD in college

students.

Mangano
K.M. [27] 2017 United States Full-text

article
Prospective

cohort 2986 adults

Dietary
protein
clusters,

including
“Fast food and
full-fat dairy”

BMD and lean
mass

association

Higher protein intake, even
from processed sources,

was associated with greater
lean mass but had no clear

effect on BMD.

Monjardino
T. [28] 2015 Portugal Full-text

article
Prospective

cohort 1007 adolescents

Dietary
patterns

including
“Fast food and

sweets”
cluster

BMD at the
lumbar spine
and femoral

neck

Higher intake of fast food
and sweets was associated

with lower BMD at the
lumbar spine and femoral

neck in adolescents.
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Table 1. Cont.

First
Author

Year of
Publication

Country of
Affiliation of
First Author

Publication
Type

Study
Design

Sample
Size

Study
Population

Exposure
Assessment

Outcomes
Assessed Key Findings

Nguyen K.
[29] 2019 France Conference

proceeding
Cross-

sectional 140 SpA patients
Self-reported

UPF
consumption

Disease
activity and

quality of life

UPF intake was not
significantly different

between active and inactive
SpA patients, but poor diet
was associated with worse

quality of life.

Noel S. [30] 2023 United States Conference
proceeding

Cross-
sectional 1254 adults

Self-reported
UPF intake
frequency

Osteoporosis
prevalence
and BMD

Puerto Rican adults with
high UPF intake had lower

BMD and a higher
prevalence of osteoporosis.

Saito M.K.
[31] 2024 Japan Full-text

article
Prospective
preclinical 48 rats

Cafeteria diet
(highly

processed) vs.
standard chow

BMD,
trabecular

structure, and
biomechanical

properties

Rats fed a cafeteria diet
exhibited lower BMD,

reduced trabecular bone
structure, and weaker

biomechanical properties
compared to controls.

Shin S. [32] 2015 Korea Full-text
article

Cross-
sectional 3573 adults

Dietary
patterns

categorized,
including

“Fast food and
soda” group

Association
between
dietary

patterns and
BMD

A “fast food and soda”
dietary pattern was

associated with lower BMD
in adults.

Shin S. [33] 2013 Korea Full-text
article

Cross-
sectional 196 adolescents

Dietary
patterns

categorized as
“Fast food” vs.

“Milk and
Cereal”

BMD at the
lumbar spine,

femur, and
total body

A diet rich in fast food was
linked to lower BMD at
multiple skeletal sites in

adolescents.
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Table 1. Cont.

First
Author

Year of
Publication

Country of
Affiliation of
First Author

Publication
Type

Study
Design

Sample
Size

Study
Population

Exposure
Assessment

Outcomes
Assessed Key Findings

Sims W.
[34] 2024 United States Conference

proceeding
Cross-

sectional 4796

OA patients
from the

Osteoarthritis
Initiative

cohort

UPF % of total
energy intake

OA-related
pain, physical
function, and

disability

Higher UPF consumption
was associated with worse
OA-related pain and poorer

physical function.

Smaira F.I.
[35] 2020 Brasil Full-text

article
Cross-

sectional 56 RA patients
Self-reported
UPF intake
frequency

Cardiovascular
risk factors

and metabolic
health

RA patients consuming
more UPF had worse
metabolic profiles and

higher cardiovascular risk.

Travinsky-
Shmul T.

[36]
2021 Israel Full-text

article
Prospective
preclinical 36 mice

UPF diet with
food additives
vs. control diet

Bone strength,
mechanical
properties,

and
histological

changes

Mice consuming a
UPF-based diet had

significantly reduced bone
strength, altered mechanical

properties, and increased
histological abnormalities.

Vogel C.
[37] 2016 United

Kingdom
Full-text
article Ecological 1107 children

Number of
fast food

outlets near
residence

Association
between fast

food exposure
and BMD

Children living in areas
with greater fast food

availability had lower BMD,
suggesting an

environmental impact on
bone health.

Wang S.
[38] 2024 China Full-text

article
Cross-

sectional 4912
adults from

the NHANES
cohort

UPF % of daily
caloric intake

BMD at
femoral neck

and
osteoporosis

risk

Adults with high UPF
intake had lower femoral

neck BMD and a
significantly greater risk of

osteoporosis.
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Table 1. Cont.

First
Author

Year of
Publication

Country of
Affiliation of
First Author

Publication
Type

Study
Design

Sample
Size

Study
Population

Exposure
Assessment

Outcomes
Assessed Key Findings

Wei Y. [39] 2024 China Full-text
article

Prospective
cohort 163,987 adults UPF % of total

caloric intake

Risk of knee
and hip

osteoarthritis

High UPF consumption
increased the risk of knee
osteoarthritis but had no

significant effect on hip OA.

Zaretsky J.
[40] 2021 Israel Full-text

article
Prospective
preclinical 40 rats

UPF-based
diet vs. control

diet

Bone microar-
chitecture and
endochondral

ossification
defects

UPF consumption led to
impaired bone

microarchitecture and
disrupted endochondral

ossification in rats,
suggesting negative effects

on bone quality.

Zhang T.
[41] 2024 China Full-text

article
Prospective

cohort 181,559
adults from

the UK
biobank study

UPF intake
categorized by

quartiles

Risk of
developing

gout and
genetic

interactions

Higher UPF consumption
was associated with an
increased risk of gout,

particularly in genetically
predisposed individuals.

Zhao H.
[42] 2024 China Full-text

article
Prospective

cohort 207,012
adults from

the UK
biobank study

UPF % of total
dietary intake

Risk of
developing
rheumatoid

arthritis

Individuals with high UPF
intake had a 17% increased

risk of developing RA.

BMD: bone mineral density; OA: osteoarthritis; RA: rheumatoid arthritis; SpA: spondyloarthritis; UK: United Kingdom; UPF: ultra-processed food.
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Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for reporting
systematic reviews [43].

3.1. Preclinical Studies on Bone Health

Three preclinical studies have investigated the impact of UPF consumption on bone
health, demonstrating detrimental effects on BMD, microarchitecture, and mechanical
properties [31,36,40].

A study in young female mice found that UPF consumption resulted in a significant
reduction in bone quality [40]. Micro-CT scans revealed impaired bone morphology and
biomechanical testing showed inferior bone strength. Additionally, marrow adiposity was
significantly increased, suggesting that UPF consumption alters bone remodeling processes
and could predispose individuals to osteoporosis [40].

Similarly, in young rats, a high-fat, high-sugar UPF diet led to severe skeletal impair-
ments, including growth retardation, lesions in the tibial growth plates, and a significant
decrease in BMD [36]. Structural deterioration was observed in both trabecular and cortical
bone. RNA sequencing revealed disruptions in extracellular matrix formation and mineral-
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ization processes. These findings suggest that UPF exposure during growth may lead to
long-term skeletal fragility and increased fracture risk [36].

A third study examined the effects of a calorie-dense UPF “cafeteria” diet in male
rats, investigating whether resistance exercise (ladder climbing) could counteract the
diet’s effects [31]. The results showed that UPF consumption led to a significant increase
in adipose tissue, a reduction in BMD, and impaired biomechanical properties such as
stiffness and maximum load capacity. Notably, exercise did not prevent the deterioration in
bone quality, suggesting that dietary interventions are necessary to mitigate the negative
skeletal effects of UPF consumption.

Collectively, these preclinical studies highlight the adverse effects of UPF on bone
growth and integrity, demonstrating that UPF consumption negatively affects bone mass,
structure, and strength, potentially leading to an increased risk of osteoporosis and fractures.
Furthermore, exercise alone may not be sufficient to counteract these effects, and dietary
modifications are needed to maintain bone health.

3.2. UPF and Bone Health in Children and Adolescents

We found four studies investigating the impact of UPF and fast food consumption on
bone health in children and adolescents [26,28,33,37].

Lim et al. analysed the impact of fast food consumption on BMD in college students,
finding a significant association between frequent fast food intake and lower BMD in both
males and females [26]. The study also revealed nutrient imbalances, with excess sodium
and protein intake coupled with deficiencies in vitamins A and C, suggesting that the poor
micronutrient profile of UPFs may contribute to impaired bone metabolism. A UPF-rich
diet may thus interfere with bone mineralization during young adulthood, a critical period
for achieving peak bone mass [26].

The role of the food environment in childhood bone health was assessed by Vogel
et al. in a study of young children from the Southampton Women’s Survey [37]. Greater
exposure to fast food outlets in residential areas was associated with lower BMD and bone
mineral content at birth and during early childhood. Specifically, each additional fast food
outlet near a child’s home correlated with a 0.23 standard deviation decrease in BMD. In
contrast, greater access to healthy food stores was associated with higher BMD at ages 4 and
6, suggesting that the availability of fast food influences long-term bone health outcomes
from infancy onward [37].

In a longitudinal study of Portuguese adolescents, Monjardino et al. examined how
dietary patterns affected bone accrual from ages 13 to 17 [28]. While no significant associa-
tions were found between the fast food dietary pattern and mean BMD at 13 years, girls
who followed a diet characterized by lower food intake, including lower consumption
of nutrient-dense foods, showed significantly lower BMD accrual over time (adjusted
coefficient: −0.451 mg/cm2/year). The findings suggest that nutrient-poor diets, which
often include processed foods, may contribute to reduced bone mineralization during
adolescence [28].

In a study of Korean adolescents, Shin et al. evaluated the impact of different dietary
patterns on lumbar spine and femoral BMD [33]. No direct link was found between a
fast-food-heavy diet and lower BMD, but the findings suggested a trend toward poorer
bone health outcomes in those consuming higher amounts of UPF. Conversely, adolescents
following a milk and cereal-rich dietary pattern had a 64% lower likelihood of low BMD,
reinforcing the importance of whole, nutrient-rich foods in skeletal development [33].

These four studies highlight the potential risks of UPF consumption for bone health
in children and adolescents. Frequent fast food intake and greater exposure to fast food
outlets are associated with lower BMD, impaired bone accrual, and reduced bone strength.
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3.3. UPF and Bone Health in Adults

Our search strategy identified five studies, including four full papers and one confer-
ence poster, that explored the association between UPF and bone health outcomes in adults,
particularly in relation to BMD, osteoporosis, and fracture risk [25,27,30,32,38].

A large cross-sectional analysis by Greatorex Brooks et al. used NHANES data to
examine UPF consumption in U.S. adults aged 50 and older [25]. The study found that
higher UPF intake was significantly associated with an increased prevalence of osteopenia
and osteoporosis, particularly in women. Individuals in the highest quintile of UPF
consumption had a 52% greater likelihood of osteoporosis compared to those in the lowest
quintile. Furthermore, each 1% increase in UPF intake correlated with a 1.9% increase in
self-reported fractures among women, suggesting a direct link between UPF consumption
and skeletal fragility [25].

Similarly, Wang et al. conducted a NHANES-based study and found that individuals
whose diet consisted of more than 57.5% UPF had significantly lower BMD at the femoral
neck and total femur, which are considered key sites for osteoporotic fractures [38]. High
intake of UPF was associated with 78.9% increased odds of developing osteoporosis. The
study also highlighted that physical activity could partially mitigate the negative impact of
UPF on bone health, thus highlighting the role of lifestyle factors in influencing the skeletal
deterioration related to UPF intake [38].

While these two studies demonstrated clear negative effects of UPF on bone health,
Shin et al. examined dietary patterns in Korean adults and found no direct association
between fast food intake and BMD [32]. However, the authors reported that a fruit, milk,
and whole-grain-based dietary pattern was positively correlated with BMD, suggesting that
a diet rich in essential nutrients may counteract bone loss. This highlights the complexity
of dietary influences on bone health and suggests that the nutrient density of a diet may be
more predictive of BMD than the presence of UPF alone [32].

Supporting the detrimental impact of UPF, a conference poster presented by Noel
et al. investigated UPF consumption and osteoporosis in Puerto Rican adults aged
47–79 years [30]. The study found that higher UPF intake was significantly associated
with increased odds of osteoporosis, particularly at the femoral neck and lumbar spine.
Even after adjusting for key confounders like age, sex, BMI, and lifestyle habits, the associa-
tion remained significant, reinforcing the idea that UPF consumption is an independent
risk factor for osteoporosis [30].

Finally, Mangano et al. examined dietary protein sources and musculoskeletal health
in the Framingham Third Generation cohort [27]. Among the different dietary patterns iden-
tified, one characterized by high fast food and full-fat dairy intake showed no significant
association with BMD. However, higher total protein intake was linked to improved muscle
mass and strength, indicating that protein consumption may help preserve musculoskeletal
health, even in the presence of some UPF intake [27].

Taken together, these studies suggest a strong association between high UPF con-
sumption and poor bone health outcomes in adults. Higher UPF intake is linked to lower
BMD, increased osteoporosis risk, and greater fracture prevalence, particularly in older
populations. However, some findings indicate that nutrient-dense dietary patterns and
adequate protein intake may counteract these negative effects.

3.4. UPF and Osteoarthritis

We identified three studies, including two conference posters, that examined the
relationship between UPF consumption and OA [24,34,39]. These studies focused on
cartilage structure, pain severity, and OA risk in individuals with high UPF intake.
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Wei et al. conducted a large prospective cohort study using data from the UK Biobank
(n = 163,987 participants) to assess the impact of UPF consumption on hip and knee OA
risk [39]. The study found that individuals in the highest quartile of UPF consumption
had a 10% increased risk of developing knee OA compared to those in the lowest quartile,
while no significant association was observed for hip OA. Additionally, replacing 20% of
UPF intake with unprocessed or minimally processed food was linked to a 6% lower risk
of knee OA, thus suggesting that dietary modifications could reduce the risk of developing
OA [39].

A conference abstract by Akkaya et al. used Osteoarthritis Initiative (OAI) data
to examine the association between UPF consumption and knee cartilage thickness in
4330 individuals [24]. The results showed a significant interaction between UPF intake,
cartilage region, and sex. In women, higher UPF intake was associated with thinner
cartilage in the medial tibia, medial femur, and lateral femur. In men, the association was
weaker and mostly non-significant [24].

Another conference poster by Sims et al. analysed the relationship between UPF
consumption and OA-related pain and functional outcomes in 4796 participants from the
OAI cohort [34]. The study found that, after adjusting for potential confounders, including
BMI, women consuming higher amounts of UPF experienced greater knee OA-related pain,
worse activities of daily living, and lower physical performance compared to men [34].

These studies suggest that high UPF consumption could be linked to an increased risk
of knee OA, reduced cartilage thickness, and worse pain outcomes, particularly in women.
While no significant association was found for hip OA, findings from the UK Biobank and
OAI cohorts indicate that reducing UPF intake could be a potential strategy for knee OA
prevention and symptom management.

3.5. UPF and Inflammatory Arthritis

We identified four studies, including one conference abstract, that investigated
the impact of UPF consumption on inflammatory arthritis, specifically RA, SpA, and
gout [29,35,41,42]. These studies examined disease risk, symptom severity, and metabolic
outcomes in individuals consuming high amounts of UPF.

A retrospective cohort study by Zhao et al. using the UK Biobank (n = 207,012 participants)
evaluated the association between UPF consumption and RA incidence [42]. Participants
in the highest quintile of UPF consumption had a 17% increased risk of developing RA
compared to the lowest quintile. Mediation analyses suggested that inflammation, lipid
profile changes, and liver enzyme alterations partially explained the link between UPF
intake and RA risk, accounting for 3–15% of the association [42].

Another cross-sectional study by Smaira et al. examined the association between UPF
consumption and cardiovascular risk in RA patients [35]. Among 56 individuals with RA,
higher UPF intake was significantly associated with worsened metabolic and cardiovascular
health, including an increased Framingham cardiovascular risk score and elevated glycated
hemoglobin levels. Conversely, patients who consumed more unprocessed or minimally
processed foods had a lower cardiovascular risk [35].

A prospective cohort study by Zhang et al. explored the relationship between UPF
consumption, genetic predisposition, and gout risk in 181,559 participants from the UK
Biobank [41]. The study found that higher UPF intake was associated with a 16% increased
risk of developing gout. Additionally, individuals with both high genetic predisposition and
high UPF intake had a nearly twofold increased risk of developing gout compared to those
with low genetic predisposition and low UPF intake. The study also performed substitution
analyses, showing that replacing 20% of daily UPF consumption with unprocessed or
minimally processed foods reduced gout risk by 13% [41].
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Finally, a conference abstract by Nguyen et al. investigated the dietary profiles of
140 patients with SpA and assessed their intake of UPF and its association with disease
activity [29]. The study found no significant differences in UPF consumption between
patients with active and inactive SpA [29].

Evidence from the four included studies on inflammatory arthritis suggests that higher
UPF consumption is associated with increased risks of RA and gout, while its impact on
SpA remains unclear. Moreover, among patients already diagnosed with RA, higher UPF
intake was linked to worse metabolic health and increased cardiovascular risk.

4. Discussion
Our scoping review identified key insights into the relationship between UPF con-

sumption, bone health, and chronic joint diseases. In the field of bone health and osteoporo-
sis, there is a substantial body of evidence, encompassing both preclinical studies assessing
bone microarchitecture and large-scale epidemiological studies evaluating osteoporosis
and fracture risk. In contrast, research on UPF and chronic joint diseases remains limited,
with only two large prospective cohort studies investigating the association between UPF
intake and the risk of developing RA and gout.

This disparity was reflected in our review, as we identified 12 studies focusing on
bone health, whereas only 7 studies addressed chronic joint diseases, of which only 4 were
full-text articles, with the remaining being conference abstracts or posters. These findings
highlight an important gap in the literature and the need for more robust, high-quality
studies to explore the impact of UPF on musculoskeletal diseases, particularly in the context
of inflammatory arthritis and OA progression.

Our findings were structured into five key research objectives. Preclinical studies
consistently showed that UPF consumption deteriorates bone quality, leading to reduced
BMD, altered trabecular structure, and impaired biomechanical properties [31,36,40]. These
results suggest that early dietary exposure to UPF may have lasting negative effects on
skeletal integrity, contributing to weakened bone strength and increased fracture risk.
Further research is needed to clarify how inflammation and nutrient imbalances mediate
these effects on bone remodeling.

We examined the association between UPF intake and bone health in children and
adolescents. Studies linked higher UPF consumption to lower BMD at key skeletal sites,
including the lumbar spine and femur [26,28]. Additionally, greater exposure to fast food
environments correlated with reduced BMD in children, emphasizing the role of food
accessibility in bone development [37]. Since early dietary habits shape peak bone mass
and long-term skeletal health, these findings highlight the need for preventive strategies to
limit UPF intake in youth and mitigate future skeletal risks [44,45].

In adults, large-scale observational studies found an association between increased
UPF intake, lower BMD and increased osteoporosis risk, particularly in postmenopausal
women and older individuals [25]. NHANES data confirmed this inverse relationship,
raising concerns about UPF-driven skeletal aging [38]. Although the cross-sectional de-
sign of some studies limits causal inference, these findings align with evidence on the
metabolic and inflammatory effects of UPFs, reinforcing the need for dietary modifications
in osteoporosis prevention [46].

Furthermore, our review identified an association between high UPF intake and in-
creased knee OA risk, though no significant effect was observed for hip OA [39]. UPF
consumption was also correlated with worse pain, reduced physical function, and thinner
knee cartilage, suggesting a role in disease progression via inflammatory and metabolic
pathways [24,34]. However, the lack of significant findings for hip OA highlights inconsis-
tencies, emphasizing the need for further research to clarify these associations [24,34].
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Finally, we evaluated the impact of UPF consumption on inflammatory arthritis,
including RA, SpA, and gout. Higher UPF intake was associated with a 17% increased
risk of RA and a 16% increased risk of gout, according to large prospective studies [41,42].
However, findings on SpA were inconclusive, with no significant associations between
UPF intake and disease activity. While existing cohort studies provide initial evidence
linking UPFs to inflammatory arthritis, further research is needed to establish causality and
mechanistic pathways, particularly regarding diet-induced inflammation. The evidence for
SpA remains insufficient, underscoring the need for future studies on the role of UPF in
disease onset and progression.

The findings of this review highlight the potential public health burden of UPF con-
sumption on musculoskeletal health, reinforcing the need for dietary interventions and
policy changes. The widespread availability, aggressive marketing, and affordability of
UPFs have led to their increasing consumption across all age groups, including children,
adolescents, and older adults, who are particularly vulnerable to bone fragility and joint
diseases [47,48]. Given that UPFs are energy-dense but nutrient-poor, their high content of
refined sugars, trans fats, sodium, and food additives, combined with their low levels of
essential micronutrients such as calcium, vitamin D, magnesium, and antioxidants, may
significantly contribute to bone loss, osteoporosis risk, and cartilage degeneration [7,49].

In addition, UPFs have been strongly linked to systemic inflammation, oxidative
stress, metabolic syndrome, and obesity, all of which play a key role in osteoporosis, OA,
and inflammatory arthritis [50,51]. The association between UPF consumption and an
increased risk of RA and gout suggests that dietary modifications may be a potentially
modifiable strategy for reducing the disease burden of inflammatory arthritis [52,53].
However, while the connection between UPFs and metabolic diseases such as obesity,
diabetes, and cardiovascular disease is well established, their musculoskeletal effects remain
underexplored, necessitating further research to determine causal pathways [5,8,54].

While our review highlights important associations between UPF consumption, bone
health, and joint diseases, several limitations should be acknowledged. Most included
studies were observational, preventing the establishment of causal relationships. Although
some studies utilized prospective designs or genetic risk adjustment to strengthen causal
inference, the possibility of reverse causation and residual confounding cannot be ex-
cluded [38,41]. The extent to which confounding factors were accounted for in the included
studies is an important consideration. While 10 of the 16 clinical studies adjusted for con-
founders, the range and depth of adjustments varied considerably [25–28,32,33,38,39,41,42].
Most studies controlled for age, sex, BMI, and energy intake, but other key lifestyle and
health factors, such as physical activity, smoking, alcohol consumption, socioeconomic sta-
tus, corticosteroid use, and comorbid inflammatory conditions, were often not included in
statistical models. Given the well-established influence of these factors on bone metabolism
and joint health, their omission introduces the possibility of residual confounding, which
may partially explain inconsistencies across studies.

To improve the quality and reliability of future research, greater efforts should be made
to reduce methodological heterogeneity, particularly by incorporating more robust and
standardized dietary assessment tools. Well-controlled longitudinal studies and Mendelian
randomization approaches may help clarify causal pathways and minimize the risk of
reverse causation and unmeasured confounding in this field [55].

Additionally, an important limitation of the included studies is the lack of consistency
in how UPF exposure was assessed. There was substantial variability in the methods used
to quantify UPF intake, which could contribute to heterogeneity in findings. Most studies
relied on self-reported dietary data, often collected through food frequency questionnaires
(FFQs) or 24 h dietary recalls, both of which are subject to recall bias and misclassifica-
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tion [56]. The classification of UPFs also varied across studies, with some using established
food databases based on NOVA categorization, while others employed broader dietary
pattern analyses, which may not fully capture UPF exposure. Moreover, some studies
used indirect measures to assess UPF intake, such as fast-food outlet density in a given
area, assuming that greater availability translates to higher individual consumption [37].
While such approaches provide valuable insights into environmental influences on diet,
they do not directly measure personal dietary intake, making it difficult to draw precise
conclusions about the relationship between UPF consumption and musculoskeletal health
outcomes. This methodological variability may, at least in part, explain why the association
between UPF intake, bone health, and joint diseases was not consistent across all studies.
Differences in dietary assessment tools, classification criteria, and exposure measurement
could have influenced the observed effect sizes and statistical significance, contributing to
variability in findings. Standardizing UPF exposure assessment in future research could
help improve comparability and reproducibility of results, ultimately providing stronger
evidence on the role of UPFs in musculoskeletal health.

Notwithstanding the abovementioned limitations, from a public health perspective,
the findings of our review support the need for nutritional education programs, clearer food
labeling, and policies aimed at reducing UPF consumption, particularly among high-risk
populations such as postmenopausal women, individuals with OA, and those predisposed
to inflammatory arthritis. Strategies such as taxation of UPFs, restrictions on advertising
to children, and incentives for healthier food choices could help curb the rising trend of
UPF consumption and mitigate its long-term impact on bone and joint health [57]. Future
studies should explore whether dietary interventions that reduce UPF intake can effectively
slow disease progression and improve musculoskeletal outcomes, offering a cost-effective
and accessible approach to musculoskeletal disease prevention.

5. Conclusions
The growing body of evidence on UPF consumption and adverse health outcomes

highlights its detrimental impact not only on metabolic and cardiovascular diseases but
also on bone health and chronic joint diseases. Our review suggests that high UPF intake is
associated with reduced BMD, increased osteoporosis risk, and worse clinical outcomes in
OA and inflammatory arthritis. However, most of the available evidence comes from obser-
vational studies, limiting the ability to draw causal conclusions. While some studies, such
as those using prospective cohort designs or genetic risk adjustment, provide stronger evi-
dence, methodological heterogeneity, including variability in dietary assessment methods
and incomplete adjustment for confounders, remains a major limitation.

Despite accumulating evidence, research in this field is still in its early stages, par-
ticularly regarding the long-term impact of UPFs on musculoskeletal health. Given the
global rise in UPF consumption, future studies should focus on well-controlled longitu-
dinal research and intervention trials to determine whether reducing UPF intake could
serve as a modifiable strategy to protect bone health and joint integrity. Additionally,
standardized methods for UPF exposure assessment and more comprehensive adjustment
for confounding factors will be essential for improving study comparability.

From a public health perspective, efforts should prioritize nutritional education and di-
etary interventions, promoting the consumption of whole, nutrient-dense foods to mitigate
the growing burden of musculoskeletal diseases associated with UPFs.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/nu17071188/s1, PRISMA-ScR-checklist and search strategy.
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