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Preface

This Special Issue highlights research on nutrition’s role in improving quality of life for patients
with chronic diseases, including diabetes, heart and kidney disease, cancer, and digestive disorders,
and aims to provide healthcare professionals with practical insights into improving patient care
through nutritional therapy. We thank all authors, reviewers, and the editorial team for their

contributions to this important collection.

Evridiki Patelarou and Konstantinos Giakoumidakis
Guest Editors
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Editorial
Nutrition and Quality of Life for Patients with Chronic Disease

Evridiki Patelarou and Konstantinos Giakoumidakis *

Department of Nursing, School of Health Sciences, Hellenic Mediterranean University, 71410 Heraklion, Greece;
epatelarou@hmu.gr
* Correspondence: kongiakoumidakis@hmu.gr; Tel.: +30-2810379549

1. Introduction

Chronic conditions such as cancer, heart disease, metabolic syndrome, liver disease,
and renal failure significantly influence patients” social, emotional, and functional well-
being, in addition to their physical symptoms [1,2]. Among the many modifiable aspects of
health in chronic illness, nutrition has a significant impact on both overall quality of life
(QoL) and clinical outcomes [3]. It appears that targeted nutrition interventions can modify
immune and inflammatory responses, which are crucial parameters in the development
of chronic disease [4]. Additionally, personalized nutrition therapy enhances the clinical
course of patients with a wide range of chronic diseases, enhancing muscle functionality
and fostering recovery mechanisms [5,6].

This Special Issue of Nutrients, titled “Nutrition and Quality of Life for Patients with
Chronic Disease,” brings together a multidisciplinary collection of original research and
thorough reviews that clarify how individualized nutritional approaches can change the
course of many chronic diseases, enhance functional ability, and increase life satisfaction.
The nine published articles, which span the fields of hepatology, nephrology, rheumatology,
cancer, cardiovascular health, public health, and public policy, demonstrate the complexity
and potential of nutrition-based interventions in improving patient care. Apart from
physical health, social and emotional domains, including social isolation and behavioral
compliance, are also important factors influencing patient outcomes and health-related
quality of life [7]. These behavioral interventions, which can help maintain lifestyle and
dietary changes, are key to long-term adherence to dietary recommendations, which
emphasizes the need for interdisciplinary care when dealing with chronic disease [8,9].

2. Key Contributions

Perlinski and Sobocki [10] thoroughly investigated advanced malignancy in chronic
intestinal failure, home parenteral nutrition (HPN), and malignant bowel obstruction.
Their pooled analysis of 34 studies showed that, with appropriate management, HPN can
enhance QoL and, in some cases, prolong survival. Positive outcomes were associated
with higher albumin levels, better performance status, and continued treatment. In the
meantime, the authors emphasized the significant psychological effects of chronic HPN and
supported patient-centered care strategies that combine nutritional therapy with mental
health and social support.

Ciaffi et al.’s [11] scoping review of 19 studies explained the detrimental effects of ultra-
processed foods (UPFs) on bone health and joint diseases, particularly in postmenopausal
women and patients with knee osteoarthritis. UPF consumption was linked to an increased
risk of osteoporosis, reduced bone mineral density, and a higher incidence of gout and
rheumatoid arthritis. These results call for immediate public health measures to lower UPF
consumption and encourage musculoskeletally appropriate whole-food eating habits.

Nutrients 2025, 17,2170 https:/ /doi.org/10.3390/nul7132170
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A qualitative study of advanced liver disease identifies several intricate causes of mal-
nutrition, including gaps in healthcare delivery, dietary and physical limitations, symptom
burden, a lack of social support, and structural issues [12]. The shortcomings of the current
screening tools, which fail to adequately capture psychological and systemic factors, are
revealed through interviews with doctors, caregivers, and patients. This leads to recom-
mendations for comprehensive, customized screening techniques that will more effectively
detect and address nutritional risk.

Notarnicola et al. [13] present compelling evidence from a randomized controlled
study showing that daily orange consumption significantly reduces liver steatosis in
metabolic dysfunction-associated steatotic liver disease. Individuals consuming 400 g
of oranges per day showed a 30% decrease in liver fat after just four weeks, regardless of
weight loss, suggesting the direct hepatoprotective effect of phytochemicals. The study
supported the inclusion of foods high in phytochemicals in therapeutic diets for liver
illnesses, even though fibrosis remained unchanged.

In a mouse model, experimental data from Hu et al. [14] showed that maize protein
hydrolysate fermented by lactic acid bacteria (FCH) has anti-fatigue properties. High-dose
FCH improved endurance, decreased oxidative stress, restored liver and muscle glycogen,
and changed the ecology of the gut by raising Lactobacillus abundance. These results
point to a potential gut-muscle axis mechanism and support further research on FCH as a
functional meal with the goal of reducing fatigue.

To treat metabolic syndrome in low-resource settings, Alcaide-Leyva et al. created
a highly sensitive and reasonably priced diagnostic methodology specifically for an ur-
ban population in the Peruvian Amazon [15]. The model achieved over 90% sensitivity
in detecting metabolic syndrome in a population with a nearly 48% prevalence using
systolic blood pressure and very-low-density lipoprotein cholesterol, highlighting the
need for population-specific tools to guide targeted public health interventions in rapidly
urbanizing settings.

According to the Spanish researchers Garcia Samuelsson et al. [16], even if they do not
have any overt signs of metabolic syndrome, metabolically healthy obese (MHO) people are
more likely to develop insulin resistance. Low levels of physical activity, poor adherence
to the Mediterranean diet, and socioeconomic disparities were identified as the primary
causes of metabolic deterioration in a cohort of 68,884 obese workers, underscoring the
transient nature of the MHO phenotype and the urgent need for early lifestyle interventions,
particularly in occupational health settings.

An eight-year Indonesian cohort study by Retiaty et al. [17] examined the relationship
between rising central and body mass index-based obesity rates and changing dietary
patterns, which were characterized by a high intake of fat and oil and a low intake of
fiber. Interestingly, despite increasing obesity rates, the biomarkers for non-communicable
diseases remained relatively stable, highlighting the intricate connection between diet,
obesity, and metabolic health, and pointing to important areas for intervention.

Finally, our research team translated and validated the Greek version of the Car-
diovascular Diet Questionnaire 2 (CDQ-2), providing a validated tool for assessing the
dietary habits of patients with cardiovascular disease. The Greek version of the CDQ-2
demonstrated high reliability and strong agreement with the current Mediterranean Diet
Adherence Screener (MEDAS) measure, particularly among smokers, younger adults, men,
and those who were less physically active. This proven technique provides a useful way to
evaluate and adjust dietary interventions in cardiovascular disease management [18].
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3. Conclusions

This Special Issue underscores the central role of nutrition in the comprehensive man-
agement of chronic diseases, addressing not only physical symptoms, but also mental
health and overall quality of life. The studies collectively demonstrate how targeted dietary
interventions—ranging from functional food compounds and validated screening tools to
lifestyle modifications and micronutrient therapies—can prevent metabolic deterioration,
support organ integrity, and alleviate disease burden. These findings advocate for inte-
grated, individualized care models that address the biological, psychological, and social
dimensions of nutrition-related health, recognizing the need for both clinical precision and
cultural relevance [19,20]. Future research should adopt longitudinal, interdisciplinary
designs to enhance risk stratification, unravel the mechanisms of nutrition-disease interac-
tions, and scale effective nutritional care models—from clinical practice to occupational,
community, and public health settings. Building stronger teamwork among healthcare
professionals is key to successfully putting these care models into practice [21]. Ultimately,
advancing nutrition as a pillar of evidence-based clinical practice holds the potential to
transform the lives of millions living with chronic diseases worldwide [22].

Author Contributions: Conceptualization, E.P. and K.G.; writing—original draft preparation, E.P. and
K.G.; writing—review and editing, E.P. and K.G.; supervision, E.P. and K.G.; project administration,
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Parental Knowledge and Preventive Strategies in Pediatric IgE-
Mediated Food Allergy—Results from a Cross-Sectional Survey
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Abstract: Background/Objectives: Food allergy (FA) is a growing concern in pediatric
care, requiring effective avoidance strategies and timely emergency responses. The role of
caregivers is central to the daily management of FA. This study aimed to assess parental
knowledge, preparedness, and behaviors regarding pediatric FA management, focusing
on both prevention and emergency readiness. Methods: A cross-sectional survey was
conducted from December 2024 to April 2025 through the SurveyMonkey® platform,
promoted by the Italian Society of Pediatric Allergology and Immunology (SIAIP). The
anonymous, structured questionnaire was distributed online and in two Italian university
hospitals. A total of 129 fully completed responses from caregivers of children with FA
were analyzed. The survey explored self-perceived knowledge, symptom recognition,
preventive actions, emergency preparedness, and communication practices. Results: Only
9.3% of parents considered themselves “very informed,” while 54.3% reported limited or
no knowledge. Just 16.0% recognized all symptoms of an allergic reaction, and only 24.0%
could distinguish mild reactions from anaphylaxis. Notably, 67.4% reported not knowing
how to respond to anaphylaxis, and 83.7% did not possess an epinephrine auto-injector.
Preventive measures at home were inconsistently applied, and 41.1% took no precautions
when eating out. Communication with external caregivers was often informal or absent.
Only 33% updated physicians regularly. Conclusions: The findings reveal significant gaps
in parental preparedness and highlight critical areas for educational intervention. Enhanced
caregiver training, standardized communication protocols, and improved clinical follow-up
are essential to strengthen pediatric FA management and safety.

Keywords: food allergy; parental knowledge; anaphylaxis management; pediatric allergy
education

1. Introduction

Food allergy (FA) is a growing public health concern, particularly in the pediatric pop-
ulation, where prevalence rates have significantly increased over the past two decades [1].

Nutrients 2025, 17, 2387 https://doi.org/10.3390/nul7152387
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FA can lead to a broad range of clinical manifestations, from mild skin reactions to life-
threatening anaphylaxis [2]. Management primarily relies on strict allergen avoidance and
prompt administration of epinephrine in case of accidental exposure [2]. While emerging
therapeutic options such as oral immunotherapy (OIT) and biologic agents have shown
promise for selected patients, they remain accessible to a limited subset and require special-
ist supervision [2—-4]. Consequently, the cornerstone of effective FA management in real-life
settings remains the knowledge, vigilance, and preparedness of caregivers, particularly
parents, who serve as primary coordinators of dietary choices, emergency preparedness,
and communication with other caregivers (e.g., teachers, relatives) [5]. Therefore, parental
education plays a crucial role in reducing the risk of accidental exposure and improving
the outcomes of allergic reactions. However, gaps in knowledge and preventive behaviors
remain a challenge [5,6]. Limited understanding of symptom severity, insufficient commu-
nication with secondary caregivers, and underuse or misuse of emergency medications
such as epinephrine auto-injectors have been documented in various settings [5,6].

2. Materials and Methods

This study aims to assess parental knowledge and self-reported readiness in managing
pediatric food allergies, using a structured and accessible questionnaire. This cross-sectional
study was promoted by the “Primary and Secondary Prevention of Allergic Diseases” Com-
mittee of the Italian Society of Pediatric Allergology and Immunology (SIAIP), to assess
the knowledge, attitudes, and behaviors of caregivers managing food allergies (FAs) in
children and adolescents aged 0 to 18 years. The questionnaire was created and adminis-
tered through the SurveyMonkey® platform (Momentive Inc., San Mateo, CA, USA) and
was open from December 2024 to April 2025. Participants were enrolled at their initial
allergological evaluation at the pediatric allergy outpatient services of two tertiary univer-
sity hospitals: AOU “G. Martino” in Messina and AOU “Luigi Vanvitelli” in Naples, Italy.
Eligible subjects included children with a previously confirmed diagnosis of IgE-mediated
food-induced anaphylaxis established at another healthcare institution, as well as those
presenting with a clinical history strongly suggestive of such condition. In all cases, the
assessment was performed by board-certified pediatric allergists in accordance with the
diagnostic criteria outlined by the European Academy of Allergy and Clinical Immunol-
ogy (EAACI), which describes anaphylaxis as a serious, rapidly evolving, and potentially
life-threatening allergic reaction. It is a systemic hypersensitivity response that typically
involves multiple organ systems, most commonly the skin, respiratory tract, and/or car-
diovascular system [7]. Importantly, not all of the patients had already been prescribed an
epinephrine auto-injector at the time of the visit. Participation was entirely voluntary and
anonymous. No identifying data were collected. The survey consisted of ten closed-ended,
multiple-choice questions, each offering three to four fixed response options. Caregivers
were instructed to select a single answer for each item. The questionnaire was specifically
designed to explore multiple dimensions of FA management, including caregivers’ self-
perceived knowledge, their ability to recognize the main symptoms of an allergic reaction,
and their understanding of the distinction between mild and severe reactions, such as
anaphylaxis. Other areas of focus included strategies for allergen avoidance at home and
outside the home, preventive behaviors in everyday settings, communication practices
with external caregivers (such as teachers and relatives), the frequency with which medical
updates are provided to healthcare professionals, knowledge of emergency procedures in
the event of anaphylaxis, and the availability of an epinephrine auto-injector. Descriptive
statistical analysis was carried out using Microsoft Excel® (Microsoft Corporation, Red-
mond, WA, USA). Prevalence data were calculated for each response option to identify
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trends in knowledge and behavior, and to highlight areas in which additional caregiver
education may be warranted.

3. Results

A total of 129 fully completed responses were collected.

3.1. Caregiver Knowledge and Perceptions

The first question investigated parents’ self-perceived level of knowledge in managing
their child’s FA. Results showed that 41.1% of participants considered themselves “a little
informed,” 36.4% “fairly informed,” while only 9.3% reported being “very informed”.
Notably, 13.2% admitted to feeling “not at all informed” [Figure 1]. The second question
focused on symptom recognition, a critical element of timely and effective intervention.
While 70.0% of respondents reported knowing “some” of the main symptoms of a FA reac-
tion, only 16.0% said they were familiar with all of them. Alarmingly, 14.0% acknowledged
not knowing the symptoms at all [Figure 1]. The third item explored whether caregivers
understood the distinction between mild allergic reactions and severe ones like anaphylaxis.
While 24.0% of parents reported having a solid understanding of this difference, 53.5%
stated that they had some awareness but were not confident in distinguishing the two.
Furthermore, 22.5% admitted they had no knowledge on this point [Figure 2]. Question
four evaluated knowledge of emergency response procedures in the case of anaphylaxis.
Just 19.4% of caregivers reported knowing exactly what to do, including how to use an
epinephrine auto-injector and when to call emergency services. An additional 13.2% said
they were unsure how to use the auto-injector, and 67.4% admitted they would not know
how to respond at all [Figure 3]. Question five focused on the availability of an epinephrine
auto-injector, which represents the first-line treatment for anaphylaxis. Only 11.6% of
respondents reported always having an auto-injector readily available. A further 4.7% had
one but did not carry it consistently. A total of 83.7% of participants stated they did not
have an epinephrine auto-injector at all [Figure 4].

Q2. Do you know the main symptoms of a food
allergy reaction?

Q1. How well do you feel informed about
managing your child's food allergy?

W (A) Very informed
M (B) Fairly informed
I (C) Little informed
I (D) Not at all informed

W (A) Yes, | know all
M (B) Yes, | know some
I (C)No, | do not know

Figure 1. Distribution of responses to Q1 (“How well do you feel informed about managing your
child’s food allergy?”) and Q2 (“Do you know the main symptoms of a food allergy reaction?”).
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Q3.Do you know the difference between a mild
allergic reaction and a severe one
(anaphylaxis)?

M (A) Yes, 1 know them all
W (B) Yes, but not very sure
M (C) No.1do not know them

Figure 2. Distribution of responses to Q3 (“Do you know the difference between a mild allergic
reaction and a severe one [anaphylaxis]?”).

Q4. Do you know what to do in case of
anaphylaxis in your child?

I (A) No, I do not know what to do
I (B) Yes, | use the epinephrine auto-injector and call emergency services
I (C) Yes, but I am not very sure how to use the auto-injector

Figure 3. Distribution of responses to Q4 (“Do you know what to do in case of anaphylaxis in
your child?”).

Q5. Do you always have an epinephrine auto-
injector available for your child?

[l (A) No, I do not have one
M (B) Yes, always
I (C) Yes, but | do not always carry it

Figure 4. Distribution of responses to Q5 (“Do you always have an epinephrine auto-injector available
for your child?”).

3.2. Behavioral Practices and Risk Management

Question six addressed behavioral strategies for avoiding allergenic foods. Just 30.2%
of respondents reported that they always read food labels carefully, and 13.9% said they
limit avoidance to known allergens. Interestingly, 27.9% reported using both approaches,
but an equal proportion, 27.9%, admitted to not adopting any specific avoidance strategies
at all [Figure 5]. Preventive actions taken within the home environment were assessed
in question seven. A total of 40.3% of respondents reported not adopting any targeted
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preventive measures. Among those who did, 17.1% stated they cook separate meals
and clean surfaces carefully, while 16.3% avoid keeping allergenic foods in the home. A
further 26.4% indicated that they follow both strategies [Figure 6]. The eighth question
examined how families manage FA risks while eating outside the home. A total of 44.9%
reported informing restaurant staff about their child’s allergy, while 13.9% said they avoid
eating out entirely. However, a concerning 41.1% stated that they do not take any specific
precautionary measures when dining in public venues [Figure 7]. Communication with
external caregivers and institutions was the focus of question nine. Slightly more than half
of the respondents (52.7%) reported providing written instructions to others about their
child’s allergy. Meanwhile, 23.3% relied only on verbal communication, and 24.0% admitted
that they do not inform others at all [Figure 7]. Question ten explored the frequency with
which caregivers update healthcare providers about their child’s allergy status. Only 33.3%
reported discussing the allergy during every medical visit. A larger group, 43.4%, stated
they do so only in the event of new symptoms or allergic reactions. Notably, 23.3% reported
rarely or never updating their physician unless prompted [Figure 8].

Q6. How do you manage the avoidance of
foods that cause allergies in your child?

[0 (A) | always read food labels

[ (B) | only avoid known allergic foods
[ (C) Both of the above (A+B)

M (D) | do not take specific precautions

Figure 5. Distribution of responses to Q6 (“How do you manage the avoidance of foods that cause
allergies in your child?”).

Q7. What preventive measures do you take at
home to avoid allergic reactions in your child?

I (A) | cook separate meals and clean surface carefully
[ (B) I avoid keeping allergic foods at home

"1 (C) Both of the above (A+B)
W (

D) | do not adopt specific preventive measures

Figure 6. Distribution of responses to Q7 (“What preventive measures do you take at home to avoid
allergic reactions in your child?”).
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Q8. What measures do you take when eating
outside the home to avoid allergic reactions?

M (A) linform the restaurant about my child's allergies
I (B) I do not take specific measurement
M (C) We avoid eating out

Q9. How do you inform others (e.qg., teachers,
relatives) about your child's food allergy?

M (A) ! provide detailed written instructions
I (8)!only speak about it verbally
I (C)1do not talk about it with others

Figure 7. Distribution of responses to Q8 (“What measures do you take when eating outside the
home to avoid allergic reactions?”) and response to Q9 (“How do you inform others [e.g., teachers,
relatives] about your child’s food allergy?”).

Q10. How often do you update your doctor
about your child's food allergy?

I (A) Only when new symptoms or reactions occur
M (B) At every medical visit
I (C) Rarely or never

Figure 8. Distribution of responses to Q10 (“How often do you update your doctor about your child’s
food allergy?”).

4. Discussion

Our survey findings highlight a complex picture of parental knowledge and behavior
regarding pediatric food allergies. While a substantial proportion of parents reported being
aware of allergic reactions and preventive measures, several areas of concern emerged,
particularly in emergency preparedness and external communication. Despite growing
public attention to food allergies, the results suggest that a large proportion of families still
feel underinformed and underprepared, especially in emergency contexts. Self-perceived
knowledge was generally limited: although 36.4% rated themselves as “fairly informed”,
only 9.3% of respondents considered themselves “very informed” about FA management,
while a combined 54.3% rated themselves as only “a little” or “not at all” informed.

These findings are consistent with prior research, which documented substantial
parental knowledge gaps. Taha et al. [8], in a cross-sectional study, reported a median
knowledge score of 7 out of 15 among parents of children with food allergies, with wide
variability across different sections. Knowledge was significantly influenced by factors such
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as educational level, income, and the number of interactions with healthcare professionals,
indicating substantial informational gaps within the general population [8]. Notably,
most caregivers are not adequately aware of allergy symptoms, and many are unable to
distinguish between a mild allergic reaction and a life-threatening anaphylactic episode.
In addition, parental knowledge regarding the correct use of an epinephrine auto-injector
remains limited, compromising their ability to respond effectively in emergencies. This
limit is clinically significant, as delayed or incorrect administration of epinephrine is a
well-documented factor contributing to the progression and severity of allergic reactions [7].

Several studies have highlighted limited practical knowledge regarding the use of
epinephrine auto-injectors among caregivers [9-12]. Polloni et al. [9] highlighted a gap
between parents’ self-perceived knowledge and their actual ability to manage food-induced
anaphylaxis. Despite many rating their knowledge as moderate to high, only 20% had
ever administered epinephrine, with widespread insecurity and fear regarding its use and
side effects. These findings suggest that emotional and psychological barriers, alongside
technical skills, play a critical role in emergency response [9]. Similarly, Narchi et al. [10]
reported that many parents, despite having received medical training on the use of the
epinephrine auto-injector, exhibited considerable hesitation when faced with real-life
emergency situations. While 79% of participants were aware of the clinical indications for
epinephrine use, only 36% felt competent following practical experience [9,10]. As with
Polloni et al.’s findings, key barriers included fear, anxiety, and a lack of confidence in
their ability to act appropriately [9,10]. To address these challenges, the authors advocate
for implementing comprehensive support strategies, including structured theoretical and
practical training sessions, clear and detailed written instructions, access to psychological
support, and establishing peer support groups. Such multifaceted interventions may
help reduce parental anxiety, enhance confidence, and ultimately improve the timely
and effective use of epinephrine in anaphylactic emergencies [9,10]. This need is further
confirmed by two recent cross-sectional studies, which show that parents not only continue
to seek more practical guidance on when and how to administer epinephrine but also
explicitly call for additional educational resources, clear step-by-step instructions, and
ongoing support, including access to psychological counselling and peer groups [11,12]. In
Cronin et al. [11], for example, only 26.7% of parents performed all the critical steps of the
auto-injector correctly, while the Australian survey by Stockhammer et al. [12] highlighted
persistent frustration and anxiety directly linked to the lack of practical training and
support networks. Preventive actions within the home environment are inconsistently
implemented among surveyed families. In our sample, 40.3% of respondents reported
not adopting any targeted preventive measures despite the critical role of home-based
strategies in minimizing allergen exposure. Among those who implemented precautions,
17.1% reported cooking separate meals and cleaning surfaces carefully, while 16.3% avoided
keeping allergenic foods at home. Notably, only 26.4% of participants combined both
practices, suggesting that comprehensive allergen avoidance protocols are not routinely
applied.

Moen et al. [13] characterize the home as a perceived “safe zone” for families managing
food allergies; however, preserving this safety requires continuous vigilance, structured
routines, and careful planning. The responsibility for allergen control often falls on mothers,
a role frequently associated with significant psychological burden, including anxiety and
social withdrawal. In this context, a correct understanding of food labels is crucial in
enabling families to identify hidden allergens and reduce the risk of accidental exposure.
Strengthening parental labelling skills could significantly improve home-based food allergy
management [14,15]. Another critical finding involves the management of food allergies
outside the home. While many parents adopt effective avoidance strategies at home, fewer
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report feeling confident when dining out or leaving their child in the care of others, such as
at school.

Particularly, school is where children spend most of their time. This context makes
the school environment pivotal for effective food allergy management. As reported in the
scoping review by Santos et al. [5], up to 20% of anaphylactic reactions occur in schools,
yet preparedness remains inconsistent. Many staff members lack training in allergy and
anaphylaxis management, and some are unaware of students’ food allergies. The absence
of standardized policies and emergency plans is common. While educational interventions
have shown benefit, the review underscores the need for mandatory training, ready access
to epinephrine auto-injectors, and individualized emergency protocols to ensure student
safety [5]. An important insight emerges from the analysis of parental strategies at restau-
rants. Although 45% of respondents reported informing restaurant staff about their child’s
food allergies, this was a positive and proactive behavior. Over 41% declared they did not
take any specific precautionary measures, and 13.9% explicitly stated that they avoided
dining out altogether. These findings highlight a fragmented and inconsistent approach
to risk management in restaurant settings. The high percentage of parents who do not
adopt specific measures may reflect a combination of low-risk perception, lack of practical
guidance, or skepticism about the effectiveness of communicating with food service staff.
This is particularly concerning given the evidence in the literature showing that restaurants
are frequent sites of accidental allergic reactions [16,17]. Furthermore, systematic reviews
confirm that restaurant staff often lack adequate knowledge and training in allergen man-
agement, increasing the potential for cross-contamination and miscommunication [18,19].
The coexistence of proactive and avoidant behaviors highlights the need for targeted educa-
tion and clear public health messaging to enhance caregiver preparedness in public settings.
Equally important is effective communication with external caregivers, such as teachers,
relatives, and family friends, which remains a key component of food allergy management.
Survey results revealed substantial variability in how parents communicate information
about their child’s allergy: 53% reported providing detailed written instructions, 23%
relied solely on verbal explanations, and 24% admitted not informing others at all. This
inconsistency is concerning, as informal or absent communication increases the likelihood
of misunderstandings or errors in allergen avoidance and emergency response. These
findings suggest a gap between recommended safety practices and real-world parental be-
havior. Clinical guidelines emphasize the importance of written documentation, including
individualized emergency plans and symptom recognition tools, as essential components
of safe allergy management outside the home [2,8]. As such, greater efforts are needed to
promote and facilitate the use of standardized communication tools, ideally supported by
healthcare professionals and institutional frameworks, to enhance safety across all caregiv-
ing environments [2,8]. The frequency with which caregivers update healthcare providers
about their child’s food allergy status represents an important indicator of continuity and
quality of care. In our survey, only 33% of respondents reported informing their physician
at every medical visit, while a larger proportion (43%) stated they do so only when new
symptoms or allergic reactions occur. Notably, 23% reported rarely or never updating their
doctor unless specifically prompted.

This pattern highlights a reactive rather than proactive approach to food allergy
management in the clinical setting. Regular communication with healthcare providers is
essential for monitoring the child’s condition and updating emergency care plans, review-
ing avoidance strategies, and evaluating the continued need for epinephrine auto-injectors
or diagnostic re-assessment [20,21]. The lack of consistent dialogue may hinder timely
interventions and contribute to gaps in prevention and preparedness, particularly as new
triggers or changes in symptom severity can emerge over time [20,21].
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Strengths and Limitations

The main limitations of the study include the cross-sectional design and self-reported
nature of the survey, which may introduce bias. However, the structured questionnaire
offers a comprehensive overview of real-world behaviors and beliefs, making the findings
relevant for clinical and educational policy development. Importantly, we deliberately
chose not to collect individual demographic (e.g., age, sex) or clinical (e.g., specific food
allergens) information about the children involved. This decision was based on multiple
considerations. First, the core objective of the study was to explore parental knowledge,
preparedness, and management practices at the initial clinical visit rather than to estab-
lish correlations with child-specific clinical profiles. Second, ethical and privacy concerns
guided our methodology: by avoiding collecting sensitive or identifiable health data, we
ensured anonymity and avoided the need for formal ethical approval or data protection
procedures. Third, from a logistical perspective, maintaining a concise and non-invasive
questionnaire contributed to higher completion rates and greater patient adherence, par-
ticularly in the real-life context of busy outpatient clinical settings. Lastly, as highlighted
in the literature, the core principles of food allergy management, such as label reading,
availability of an epinephrine auto-injector, and preparedness for emergency response, are
broadly consistent across pediatric age groups and allergen types [7,9-12]. Therefore, the
omission of detailed clinical variables does not compromise the relevance or validity of the
study’s primary findings.

5. Conclusions

This study highlights several gaps in parental knowledge and preparedness in manag-
ing pediatric food allergies among patients presenting with food-induced anaphylaxis at
their first clinical evaluation and initial care. While some caregivers demonstrate awareness
of allergic symptoms and prevention strategies, a substantial proportion report limited
understanding of anaphylaxis, uncertainty in emergency response, and inconsistent use
of epinephrine auto-injectors. Communication with healthcare professionals and external
caregivers is also suboptimal, potentially compromising the safety of allergic children.
These findings underscore the need for comprehensive, accessible educational initiatives
that promote practical skills, confidence in emergency management, and consistent com-
munication practices for families of children with food allergies and the general population.
Integrating structured parental education into routine clinical care may enhance long-term
outcomes and reduce the risk of severe allergic reactions.
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Abbreviations

The following abbreviations are used in this manuscript:

FA Food Allergy
OIT Oral Immunotherapy
IgE Immunoglobulin E

FDA Food and Drug Administration

EAACI  European Academy of Allergy and clinical Immunology
SIAIP Italian Society of Allergy and Immunology

PTSD Post Traumatic Stress Disorder
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Abstract: Background/Objectives: Dietary recommendations are an essential part of guide-
lines for the best management of chronic cardiovascular diseases. The present study aimed
to validate the Greek version of Cardiovascular Diet Questionnaire 2 (CDQ-2) and to assess
the dietary habits among cardiovascular patients. Methods: A single-center cross-sectional
observational study was conducted. The study population was cardiovascular patients that
were users of a private primary healthcare clinic. The data were collected between Decem-
ber 2024 and January 2025. The questionnaire was translated from French, back-translated,
and reviewed by a committee of experts. The MEDAS was used as a gold standard. The
psychometric measurements that were performed included reliability coefficients and
Explanatory Factor Analysis (EFA). Results: The total sample comprised 90 individuals.
The Cronbach’s « was 0.97. A bivariate Pearson’s correlation established that there was
a strong, statistically significant linear relationship between the CDQ-2 and MEDAS scores,
with r(90) = 0.962 and p < 0.001. Cardiovascular patients seemed to have suboptimal dietary
patterns, as indicated by the relatively low mean CDQ-2 score of 2.9 (SD = 17.2), along
with a mean MEDAS score of 8 (SD = 5.2), where younger individuals (p < 0.001), males
(p = 0.042), single/divorced/widowed individuals (p < 0.001), individuals with lower
physical activity (p = 0.001), and active smokers (p = 0.022) demonstrated significantly
poorer adherence to the optimal cardiovascular dietary status. Conclusions: The survey
indicated that CDQ-2 was a valid and reliable scale to use in cardiovascular patients in
Greece. Also, the patients were characterized by suboptimal dietary habits, indicating the
need for personalized interventions to improve their dietary habits.

Keywords: cardiovascular disease; cross-sectional study; diet; questionnaire; validation study

1. Introduction

Cardiovascular disease (CVD) is the foremost cause of death all over the world,
contributing to approximately 18 million deaths annually [1]. In Greece, CVD continues
to be the leading cause of mortality and morbidity, despite the low rates recorded in the
1950s and 1960s, when the country was considered privileged in terms of cardiovascular
health. According to the ATTICA epidemiological study, the incidence of cardiovascular
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disease in Greece reached 360 cases per 10,000 individuals over a 20-year follow-up period
(2002-2022), indicating a high lifetime risk of developing cardiovascular disease [2]. Beyond
the estimation of cardiovascular disease-related deaths, there is growing concern about
its substantial burden, as it ranks first compared with other diseases. In 2021, CVD was
responsible for 14.9% of the total loss of healthy life years due to either premature mortality
or disability [3,4].

Dietary modifications play a pivotal role in the secondary and tertiary prevention of
cardiovascular disease. According to the literature, a diet rich in unsaturated fats and low
in saturated fats is highly beneficial for patients with cardiovascular diseases, including
those who have undergone Coronary Artery Bypass Grafting (CABG), as well as those
with other forms of CVD, such as heart failure, hypertension, and ischemic heart disease.
Many studies have documented the value of a well-balanced diet in beneficial patient
outcomes, including healthier metabolic profiles, reduced inflammation, enhanced overall
cardiovascular function, and diminished mortality rates [5,6].

For instance, a diet rich in fruits, vegetables, whole-grain cereals, and lean proteins
has been consistently associated with better clinical outcomes and fewer complications in
patients with cardiovascular diseases. These dietary patterns help regulate blood pressure,
improve lipid profiles, and reduce the risk of recurrent cardiovascular events [7]. The
Mediterranean diet is widely considered to be the most appropriate dietary model for
cardiovascular patients due to its emphasis on plant-based foods, healthy fats (such as
olive oil), and the moderate consumption of fish and poultry. This diet has been shown
to significantly reduce mortality; morbidity; and complications, such as angina and acute
myocardial infarction [8,9].

Beyond its physical health benefits, the Mediterranean diet also positively impacts psy-
chological well-being. Unsanitary dietary habits, such as the high consumption of processed
foods and saturated fats, have been linked to increased levels of anxiety, stress, and depres-
sion, which can deteriorate cardiovascular outcomes [10,11]. For instance, patients with heart
failure who adhere to a poor diet pattern often experience higher levels of psychological
distress, which can worsen their condition, lessening their quality of life [12]. Additionally,
cognitive impairments, such as delirium and mild cognitive decline, are more frequent among
cardiovascular patients with improper dietary habits, further underscoring the importance of
a healthy diet in maintaining both physical and mental health [12].

Despite the well-documented benefits of a healthy diet, adherence to dietary rec-
ommendations remains suboptimal for individuals with various forms of cardiovascular
disease. Studies have identified several barriers to dietary adherence, such as a lack of
patient education, limited access to healthy foods, socioeconomic challenges, cultural fac-
tors, and insufficient follow-up care [13,14]. The first and crucial step to confront this issue
is the reliable estimation of the nutritional status of these patients to plan and perform
specific and systematic interventions to try to reverse the existing problematic situation
and alleviate all the associated obstacles that impede the adoption of a healthy diet pattern
among cardiovascular patients.

Cardiovascular Diet Questionnaire 2 (CDQ-2) is a validated dietary assessment tool
originally developed for the French population by Paillard et al. [15] and designed to
evaluate dietary habits in patients with cardiovascular diseases. According to its nature
and content, it provides a comprehensive assessment of nutrient intake based on a seven-
day dietary history and biomarkers. Additionally, this tool captures both qualitative and
quantitative aspects of a diet, making it a robust tool for clinical and research settings [15].

The purpose of the present study was (a) to translate CDQ-2 into the Greek language
and validate it for the Greek-speaking population of cardiovascular patients and (b) to
assess their dietary status, identifying the factors influencing it. This study intended to
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add useful new data to the existing body of literature by providing a culturally adapted
and validated dietary tool for the Greek-speaking population, which can serve many
research and clinical purposes in the field of cardiovascular prevention and holistic care.
Additionally, it could provide a comprehensive understanding of the current dietary
status of cardiovascular patients and the influencing factors, offering insights into tailoring
personalized interventions and policies.

2. Materials and Methods
2.1. Study Design

This was a single-center cross-sectional observational study. The study population was
cardiovascular disease patients that were users of a private primary healthcare clinic. The
convenience sampling method was used to collect data from December 2024 to January 2025.
Participants who were eligible to take part in this study needed to be men or women aged
18 years and above who had been diagnosed with cardiovascular disease. Moreover, they
needed to be able to read and write in Greek to ensure they could understand the study
materials and take part in the related assessments effectively. Only individuals who willingly
agreed to participate in this study were included in the enrollment process. As exclusion
criteria, we used a history of psychiatric illness, a recent history of alcohol and/or drug abuse,
dementia, and Alzheimer’s disease (Figure 1).

Cross-sectional observational study
(N =96)

!

Cardiovascular disease patients
(private PHC)

l

Convenience sampling
(Dec 2024 -Jan 2025)

l
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- Read/write consent

(excluded: 3 did not Eligible (n=92)
consent, 1 withdrew

consent)
/ Exclusion criteria
BExcluded - (I’;};cll;latnc illness
(n=4) ~ Alcoholism (n = 1)

/
Excluded (n=2)
-

Participant enrolled
(n = 90)

Figure 1. Participant flowchart. CVD: cardiovascular disease, PHC: primary healthcare.

2.2. Translation of CDQ-2

The process involved an independent translation of the original French as a forward
translation by two separate individuals. After this phase, a third individual compared the
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two translations and was able to determine an agreed-upon translation (1st reconciliation
version). A bilingual individual, whose mother tongue was French and was a professional
translator, later translated the agreed-upon version into the original questionnaire’s lan-
guage (backward translation). However, the individual was unaware of the questionnaire’s
standard format.

Twenty patients with cardiovascular disease completed the translated version of
the questionnaire to evaluate its apparent validity (face validity), which verified that
the scale included questions that were relevant to the characteristic being measured
and did not lead to inaccurate or incomplete responses. Additionally, three eHealth
specialists reviewed the questionnaire as part of a cognitive debriefing to assess the
tool and suggest ways to make it better (Content Validity). In the final version of the
instrument (Supplementary Materials), items with a Coefficient Validity Ratio (CVR)
greater than 0.70 were retained.

2.3. Reliability

To measure a scale’s reliability, the internal consistency coefficient, Cronbach’s alpha,
was calculated. This coefficient evaluates the degree to which the questions that make up
a scale measure the same concept. Values greater than or close to 0.70 (70%) are acceptable.
An internal consistency coefficient between 0.50 and 0.60 (50-60%) is considered sufficient in
the early stages of a study. If the value exceeds 0.80 (80%), then it is considered a particularly
good reliability analysis.

2.4. Validity

Confirmatory factor analysis (CFA) was conducted to determine the model’s fitness.
An adequate or good fit was indicated by a Standardized Root-Mean-Squared Residual
(SRMR) less than or equal to 0.08, a Coefficient of Determination (CD) greater than or equal
t0 0.90, and a Comparative Fit Index (CFI) greater than or equal to 0.90.

The construct validity was determined using Pearson’s correlation between CDQ-2
and the selected gold standard questionnaire.

2.5. Translation and Weighting Questionnaire

Data were collected using an anonymous self-report questionnaire that consisted of
three sub-sections:

- The first concerned the following demographic characteristics: (a) age, (b) biological
sex, (c) educational level, (d) subjective economic situation, and (e) family situation.

- CDQ-2 includes 17 closed-ended questions designed to identify major sources of
nutrients. For each of the 9 questions related to the saturated fatty acid (SFA) intake,
the total score ranges from 0 to 27. The monounsaturated fatty acid (MUFA) intake
is investigated with one question (total score range 0-6). Omega-3 fatty acid (w3FA)
intake is investigated with 3 questions (total score range 0-10). Finally, there are
4 questions on fruit and vegetable (FV) consumption (range 0-14). The total nutritional
score is calculated as [(FV + MUFA + w3FA) — SFA], fluctuating from —27 to +30.
Higher scores indicate better nutrition, whereas the existing literature does not provide
universal cut-off points.

MEDAS was created by Spanish researchers [16] and has been weighted and translated
by Greek researchers [17]. This tool consists of 14 questions (total score range 0-14) about
the main food groups consumed as part of the Mediterranean Diet, which is a valid
means of rapidly assessing adherence to it. Higher scores indicate the healthiest dietary
pattern, while a score > 10 is considered indicative of high adherence [18]. It is known
that the dietary pattern associated with the Mediterranean Diet is characterized by the
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daily consumption of olive oil (mainly extra virgin), whole grains, fruits, and vegetables.
The Mediterranean diet is a rich source of essential minerals, vitamins, and fiber and is
considered one of the healthiest dietary patterns.

2.6. Statistical Methodology

We performed the statistical analysis using STATA software (version 12.0; Stata Corpo-
ration, College Station, TX, USA) for the confirmatory factor analysis and SPSS statistical
software (version 27; SPSS, Chicago, IL, USA) for the remainder. For the descriptive statisti-
cal analysis, the continuous variables are given as the mean value and standard deviation,
while the discrete ones are given as the absolute and relative frequencies. Multiple Logistic
Regression was used to investigate the independent variables (age, biological sex, higher
level of education, economic level, marital status, physical activity, smoking, and alcohol
consumption) that can predict the dependent variable (CDQ-2). The minimum value of
the statistical significance level was set at 5%. To weigh the CDQ-2 questionnaire, the
following steps were followed: (a) bilingual translation (forward translation, reconcilia-
tion report, backward translation), (b) cognitive debriefing process of the questionnaire
through the pilot data collection of a small sample of participants (10-15 people) to fully
oversee the formation of the final form of the translated questionnaire, (c) calculation of the
questionnaire reliability using the repeatability method, (d) calculation of the concurrent
validity (the MEDAS questionnaire was used as the gold standard), and (e) calculation
of validity through confirmatory factor analysis. For the confirmatory factor analysis, the
calculation of the minimum required sample size showed that for 17 items, a single-factor
model, a type I error (o) of 5%, a statistical power of 80%, and an expected effect size of 0.1,
at least 87 participants were required. This requirement was met, as the total sample size
enrolled in the present study was 90 individuals.

3. Results

The total sample comprised 90 individuals, where 13 (14.4%) were female and 77
(85.6%) were male; the mean age was 63.8 &= 9.6 years. A total of 30 (33.3%) participants
were single, divorced, or widowed, and 60 (66.7%) were married or cohabited. Regarding
the education level, 21 (23.3%), 41 (45.6%), 21 (23.3%), and 7 (7.8%) participants had
up to secondary education, post-secondary non-tertiary education, tertiary education,
and held an MSc or PhD, respectively. A total of 24 (26.7%) participants reported a low
economic level, while 50 (55.6%) and 16 (17.8%) reported middle and high economic levels,
respectively. In terms of physical activity, 32 (35.6%) participants had a low level, 43 (47.8%)
a middle level, and 15 (16.7%) a high level. Regarding alcohol consumption, 19 (21.1%)
reported no consumption of alcohol, 55 (61.1%) moderate consumption, and 16 (17.8%)
high consumption (Table 1). The CVR results for CDQ-2 showed that 100% of the items
(n =17) were acceptable, and the Cronbach’s « was 0.97. A one-factor model conducted by
CFA yielded acceptable global fit indices (SRMR = 0.08, CD = 0.99, CFI = 0.99), indicating
that the 17 items in the one-factor solution proposed by the principal investigators should
be accepted for the Greek version of CDQ-2 (Figure 2). The mean score of CDQ-2 was 2.9
(SD =17.2), and the mean MEDAS score was 8 (SD = 5.2). A bivariate Pearson’s correlation
established that there was a strong, statistically significant linear relationship between the
CDQ-2 and MEDAS scores, with r (90) = 0.962 and p < 0.001.

A multivariate analysis was performed to ascertain the effects of the independent
variables, namely, age, biological sex, level of education, economic level, marital status,
physical activity, smoking, and alcohol consumption, on the CDQ-2 score. The multiple
linear regression model was statistically significant, with F (8, 81) = 75.4 and p < 0.001.
The model explained 87% (Adjusted R-Square) of the variance in the score of CDQ-2. As
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shown in Table 2, of the eight predictor variables, only the following five were statistically
significant: (1) age (p < 0.001), (2) biological sex (p = 0.042), (3) marital status (p < 0.001),
(4) physical activity (p = 0.001), and (5) smoking (p = 0.022). Specifically, younger age, male
sex, being single/divorced /widowed, lower physical activity levels, and active smoking
status were strongly associated with lower CDQ-2 scores (Table 2). Table 3 displays the
distribution of CDQ-2 scores according to the categories of the categorical variables.
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Figure 2. Confirmatory factor analysis of CDQ-2.
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Table 1. Sample characteristics.

N N %
Age (years) 63.8+9.6*

Biological sex Female 13 14.4%
& Male 77 85.6%
Up to secondary education 21 23.3%
. . Post-secondary non-tertiary education 41 45.6%
Higher level of education Tertiary education 21 23.3%
MSc/PhD 7 7.8%
Low 24 26.7%
Economic level Middle 48 53.3%
High 18 20.0%
Marital Single, divorced, or widowed 30 33.3%
arital status Married or cohabiting 60 66.7%
Low 32 35.6%
Physical activity Middle 43 47.8%
High 15 16.7%
Smoker 17 18.9%
Smoking Ex-smoker 54 60.0%
Non-smoker 19 21.1%
Medium consumption 19 21.1%
Alcohol consumption Social consumption 55 61.1%
No consumption 16 17.8%

(*) mean =+ standard deviation.

Table 2. Contribution of each independent variable to the model and its statistical significance.

Unstandardized Standardized o, X
Coefficients Coefficients ; Sig. 95.0% Confidence Interval for B
B Std. Error Beta Lower Bound Upper Bound
(Constant) 63.665 20.479 3.109 0.003 22918 104.412
Age —1.181 0.234 —0.660 —5.052 0.000 —1.647 —-0.716
Biological sex 5.041 2.438 0.104 2.068 0.042 0.191 9.891
Higher level of education —0.564 1.647 —0.029 —0.342 0.733 —3.842 2.714
Economic level 1.161 2.202 0.046 0.527 0.600 —3.221 5.543
Marital status 10.905 2.118 0.301 5.149 0.000 6.691 15.120
Physical activity 4.500 1.355 0.184 3.321 0.001 1.804 7.196
Smoking —6.399 2.733 —0.237 —2.341 0.022 —11.837 —0.960
Alcohol 3.473 2.496 0.127 1.391 0.168 —1.493 8.439
Dependent variable: CDQ-2.
Table 3. The mean score of CDQ-2 for a studied factor.
CDQ-2
Standard
Mean Deviation
Biological sex Female 19.3 5.4
Male 0.1 16.9
Up to secondary education -19.1 1.8
. . Post-secondary non-tertiary education 2.5 13.9
Higher level of education Tertiary education 19.6 12
MSc/PhD 21.1 17
Low —15.6 10.3
Economic level Middle 6.9 13.6
High 16.8 125
Marital Single, divorced, or widowed —16.7 4.8
arital status Married or cohabiting 127 11.8
Low —14.2 7.3
Physical activity Middle 9.7 14.5
High 19.9 1.4
Smoker —14.0 12.5
Smoking Ex-smoker 39 15.2
Non-smoker 15.1 14.3
Medium consumption —13.6 11.8
Alcohol consumption Social consumption 3.3 15.7
No consumption 21.1 0.9
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4. Discussion

The present study contributed two main points: first, it documented the suboptimal
adherence to healthy dietary patterns among patients with cardiovascular disease, as
demonstrated in the low mean scores of both the MEDAS and CDQ-2 tools, and second, it
validated the Greek version of CDQ-2 as a culturally adapted, valid, and reliable instrument
for assessing the diet quality in this patient population. Moreover, the multivariate analysis
revealed several socio-demographic variables, namely, age, sex, marital status, physical
activity levels, and smoking status, that were substantial predictors of lower CDQ-2 scores
and poor dietary adherence.

Specifically, the participants were not characterized by optimal adherence to proper
diet habits. Despite the benefits of optimal diet habits for patients with cardiovascular
diseases being distinct and well-documented in terms of lower morbidity [19,20] and
mortality rates [20,21], many studies were in line with our findings, revealing inadequate
adherence observed, even to the Mediterranean Diet among the inhabitants of Mediter-
ranean countries [22-24]. This finding is indicative of poor self-management and self-care
behavior, jeopardizing the secondary and tertiary prevention of cardiovascular disease.
Adopting suboptimal adherence to a well-known advantageous diet archetype constitutes
a global issue that may be attributed to systemic problems in patient education, nutritional
counseling, low healthcare literacy, and limited access to structured and well-organized
supportive services.

The low mean scores observed in the MEDAS (8, SD = 5.2) and CDQ-2 (2.9, SD = 17.2),
even in a population thought to be highly motivated to change their lifestyle, have impor-
tant clinical implications, underscoring the clinical importance of the early identification
of patients with inadequate dietary habits and the need for tailored nutritional interven-
tions to improve long-term cardiovascular outcomes [8,20]. Furthermore, these findings
highlight the urgent need for more systematic, personalized, and non-generic nutritional
interventions targeting high-risk patient groups [9,19].

Additionally, younger patients exhibited lower CDQ-2 scores, suggesting diminished
adherence to the recommended eating patterns. This finding is in line with prior stud-
ies indicating that older individuals are generally more compliant with healthy dietary
recommendations and guidelines, potentially due to increased awareness of secondary
prevention measures and existing comorbidities [1,2]. Younger patients, even those already
diagnosed with cardiovascular disease, may underestimate their risk, leading to a false
sense of security, which impedes them from activating healthier diet habits. In contrast,
older patients are more likely to adhere to healthier dietary patterns, possibly motivated by
the presence of multiple health disorders and concerns about severe cardiovascular events.

Similarly, male sex was found to be significantly associated with lower CDQ-2 scores,
suggesting a gender gap in dietary adherence among cardiovascular patients. This is consis-
tent with findings from previous studies indicating that women are more likely to engage
in health-promoting behaviors, including healthier eating habits and greater compliance
with dietary recommendations [25,26]. Possible explanations for this disparity include
higher health literacy levels among women, increased involvement in food preparation,
and greater concern for long-term health outcomes. Additionally, traditional gender roles
and sociocultural perceptions around masculinity may discourage men from prioritizing
dietary changes, especially in older age groups [27].

Regarding marital status, being single, divorced, or widowed was associated with
significantly lower adherence to cardiovascular dietary guidelines. Several studies have
highlighted the protective effect of marriage or cohabitation on health behaviors and
outcomes, including diet quality [28,29]. Living with a partner may provide emotional
support, shared responsibility in meal planning, and accountability, which contribute to
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better adherence. Conversely, individuals who live alone may experience lower motivation
to maintain structured eating habits or may resort to convenience and processed foods,
especially in the context of older age and chronic illness [30].

The physical activity level was another significant determinant of CDQ-2 scores, with
lower activity levels correlating with poorer dietary patterns. This finding aligns with
literature suggesting that health-related behaviors tend to cluster together, with physically
active individuals more likely to engage in healthy eating [31]. It has been proposed that
physical activity improves self-regulation and health consciousness, which may influence
dietary decisions. Additionally, individuals who exercise regularly are often exposed to
health promotion environments or programs that reinforce positive dietary habits [32].

Active smoking was independently associated with lower CDQ-2 scores. Smokers are
generally less likely to follow health guidelines, possibly due to a lower perceived vulnera-
bility to disease or a higher tendency toward risk-taking behavior [33]. Moreover, smoking
often co-occurs with other unhealthy lifestyle choices, including poor dietary habits, low
physical activity, and high alcohol consumption [34]. This behavioral clustering underlines
the importance of integrated lifestyle interventions that address multiple modifiable risk
factors simultaneously in cardiovascular patients.

Additionally, this was a clinical study aimed at translating and validating a disease-specific
dietary tool, namely, CDQ-2, for assessing dietary habits among patients with cardiovascular
disease, based on a seven-day dietary history and biomarkers. The Greek version of CDQ-2
demonstrated good construct and face validity. The Cronbach’s alpha was 0.97 for the entire
scale, which confirmed the internal consistency of the tool in line with the validation analysis.
According to the CFA, a one-factor solution that comprised all 17 items was proposed and
accepted for the Greek version of CDQ-2. Therefore, CDQ-2 is a valid and reliable tool that
is recommended for use as an overall scale. Moreover, CFA indicated acceptable global fit
indices (SRMR = 0.08, CD = 0.99, CFI = 0.99).

We used the MEDAS questionnaire as the gold standard to calculate the concurrent
validity of CDQ-2. The MEDAS assessed the main food groups consumed in the Mediter-
ranean Diet. The analysis showed that the mean CDQ-2 total score was 2.9 (SD = 17.2),
while the mean MEDAS total score was 8 (SD = 5.2). A bivariate Pearson’s correlation re-
vealed a strong, statistically significant linear relationship between the CDQ-2 and MEDAS
total scores, with r (90) = 0.962 and p < 0.001. This finding underscores the robustness of
CDQ-2 in estimating dietary adherence within the cardiovascular setting.

Study’s Strengths and Limitations

Beyond the strengths outlined above and its contribution of new knowledge to the
current body of literature by offering a culturally adapted and validated tool for the dietary
assessment of Greek-speaking patients suffering from cardiovascular disorders, the present
study had some limitations. First, the cross-sectional design and the single-center nature
pose significant threats to the generalizability of the findings to a broader cardiovascular
population, as well as to the establishment of causal relationships between dietary habits and
patient characteristics or outcomes. Second, the convenience sampling method, combined
with the existence of a gender-unbalanced sample, with a greater proportion of males, raises
concerns regarding the generalization of the dietary assessment and adherence findings. Last
but not least, the potential overestimation or underestimation of participants” dietary habits
due to self-report bias may represent an additional issue of the present study.

5. Conclusions

This survey supported the validity and reliability of CDQ-2 among cardiovascular
patients in Greece, while the strong correlation between the CDQ-2 and MEDAS scores
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Abstract: Background: Obesity, characterized by excess body fat, has been recognized as
one of the main global health problems of the current times. This article, based on the data
from the Cohort study of risk factors for non-communicable diseases in Indonesia (FRPTM),
aims to analyze the food consumption patterns and their association with the risk of obesity
and related non-communicable diseases (NCDs) in the Indonesian population. Methods:
The article presents data collected from 867 respondents aged 25 years and above observed
for 5 years: 2011, 2013, 2015, 2017 and 2019. It includes sociodemographic characteristics,
consumption (1 x 24-h recall), anthropometry, and biomedical data (lipid profile, blood
glucose, blood pressure). Results: The study identified cereals as the food group consumed
in the largest amount and the largest contributor to energy, protein, carbohydrates and fiber
intake. The fats and oils group exceeded the recommended intake, while vegetable and
fruit consumption, and consequently the fiber intake, were far below the recommendations.
The energy and macronutrient intake, and the percentage of respondents with excessive
intake levels, were consequently increasing during the studied years. The consumption
patterns were associated with the incidence of obesity, which increased from 43.9% in
2011 to 69.9% (central obesity) and 67.9% (BMI-based obesity) in 2019. Conclusions: The
dynamics of the consumption patterns clearly impacted the obesity prevalence. At the
same time, the NCDs biomarkers measured remained relatively stable despite increasing
obesity and macronutrient intake over the study period. The study provides important
insights into diet-related risks for obesity in Indonesia, with a potential to inform public
health policies and relevant intervention strategies.

Keywords: food pattern; diet; obesity; NCD; Indonesia

1. Introduction

Obesity, characterized by excess body fat, has been recognized as one of the main
global health problems of the current times, with its prevalence reported to be dynamically
increasing from year to year, including in lower- to middle-income countries [1]. In 2022,
43% of adults aged 18 years and over were overweight, and 16% were obese [2]. Obesity
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is a risk factor for a number of non-communicable diseases (NCDs), which impact 70%
of deaths worldwide, with this figure being predicted to continue to increase in the next
decades. Globally, the most common NCDs include cardiovascular disease (CVD) and type
2 diabetes [3]. One of the targets set in the Sustainable Development Goals (SDGs) is to
reduce premature deaths from non-communicable diseases by one-third by 2030 [4].

The unbalanced consumption patterns, defined as the combination of foods that indi-
viduals and population groups consume, are among the main risk factors for obesity, and
the associated NCDs biomarkers, such as increased blood pressure and dyslipidemia [5-7].
The macronutrient intake, but also the intake of energy and fiber, depending on the con-
sumption patterns, has previously been suggested to be associated with the incidence of
certain NCDs [8,9].

In Indonesia, which is the world’s fourth most populous country, the prevalence of
obesity in 2018 was estimated as 21.8% and increased to 23.4% in 2023 [10,11]. At the
same time, the mortality rate due to obesity and other major NCDs risk factors has been
on the rise in recent decades. For instance, CVDs were estimated to cause over 30% of
deaths [12,13], giving Indonesia a fourth position worldwide with the highest rates of
CVD-related mortality [13,14]. Although these alarming figures were clearly changing
in tandem with a dietary transition [15], yet relatively few studies have looked into the
associations between dietary intakes and patterns, and certain NCDs risk factors for the
Indonesian population [16-19].

This article, based on the data from the Cohort study of risk factors for non-
communicable diseases in Indonesia (FRPTM), aims to analyze the food consumption
patterns of Indonesians and their association with the prevalence of obesity, as an early
indication of other non-communicable diseases, including diabetes mellitus (DM), dyslipi-
demia, hypertension and coronary heart disease (CHD), with a potential to inform public
health policies and to serve as a basis for relevant preventive and intervention strategies.

2. Materials and Methods
2.1. Study Design

This study used a quantitative method with a Secondary Data Analysis approach, us-
ing data from the Cohort Study of Non-Communicable Disease Risk Factors (FRPTM)
in 2011, 2013, 2015, 2017 and 2019, conducted by the Health Research and Develop-
ment Agency, Ministry of Health of the Republic of Indonesia. The FRPTM is a study
with a prospective cohort design that examines various risk factors related to NCDs.
FRPTM study (2011-2019) has been approved by the Health Research Ethics Commis-
sion of the Health Research and Development Agency, Ministry of Health of the Repub-
lic of Indonesia, with approvals no. KE.01.08/EC/485/2011 dated 10 August 2011, no.
LB.02.01/5.2/KE.215/2013 dated 30 May 2013, no. LB.02.01/5.2/KE.135/2015 dated 9
March 2015, no. LB.02.01/2/KE.108/2017 dated 27 March 2017, no. LB.02.01/2/KE.102/2019
dated 8 April 2019.

2.2. Study Subjects

The population in this study were adults aged 25 years and above who participated
in the Cohort study of risk factors for non-communicable diseases in Indonesia (FRPTM,
2011-2019). A purposive respondent sampling was applied, with the following eligibility
criteria: respondents (both women and men) for whom all the data necessary for the
purpose of this study’s objectives were available, who consequently participated in the
study since 2011 (baseline). This study included 867 respondents from FRTPM observed
for 5 years: 2011, 2013, 2015, 2017, and 2019.
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2.3. Data Collection and Measurements

The data analyzed in the study included sociodemographic data (age, gender, educa-
tion, occupation), consumption data (1 x 24-h recall), anthropometry (body weight (BW),
body height (BH), waist and abdominal circumference), biomedical data (blood lipid profile
and blood glucose) and blood pressure data (systolic and diastolic). Sociodemographic
data were collected using a questionnaire based on the WHO STEPS instrument (WHO
2024) [20]. Subjects were classified as hypertensive if their systolic blood pressure was
>140 mmHg or diastolic blood pressure was >90 mmHg in two measurements with a
5-min interval. Anthropometric measurements included standard body mass index (BMI)
and waist/abdominal circumference. The BMI was calculated as BW in kilograms divided
by the square of BH in meters. Subjects were classified as overweight if their BMI was
>23 kg/m? and as obese if their BMI was >25 kg/m?, according to the WHO guidelines for
Asian populations [21]. Central obesity was recorded if the waist circumference was >80 cm
in women and >90 cm in men [21]. The diabetes mellitus (DM) status was determined by
fasting blood glucose > 126 mg/dL and blood glucose 2 h postprandial > 200 mg/dL [22].
Dyslipidemia was determined based on the NCEP criteria (ATP III). Subjects with total
cholesterol levels of >200 mg/dL, LDL cholesterol (LDL-C) levels of >130 mg/dL, triglyc-
eride levels of >150 mg/dL, or HDL cholesterol (HDL-C) levels < 40 min mg/dL in men
and <50 mg/dL in women were classified as dyslipidemic [23]. The LDL-C/HDL-C ratio
value > 2.5 was considered a risk factor for hypertension, dyslipidemia and diabetes [24].

2.4. Data Analysis

The food consumption data were arranged based on the food group classification
according to the ASEAN Food Composition Table [25] and analyzed using the Wilcoxon
Paired Test, with p values below 0.05 considered statistically significant. Nutrient in-
take data were analyzed using the Indonesian Food Composition Table (TKPI) [26],
the ASEAN Food Composition Table, and the Nutri Survey [27]. The status (below
RDA /appropriate/above RDA) was based on the recommendations of the Institute of
Medicine (IOM) [28]. The obesity status based on the Body Mass Index (BMI) and the
central obesity status were calculated using WHO guidelines [21]. The blood pressure,
blood glucose, and lipid profile status referred to the limits set in the WHO guidelines [29].

3. Results
3.1. Sociodemographic Characteristics of Participants

The socio-demographic characteristics analyzed within the study included age, gender,
education, and occupation. This study consisted of 867 respondents who were observed
for 5 years. The age groups in this study consisted of adults aged 25 years and above,
both females (67.7%) and males (33.3%). The most common occupation of respondents
was a housewife/assistant (53.3%), and the least common occupation was a farmer (0.1%).
The most common education level of respondents was high school (34.3%), and the least
common was no school (1.4%).

3.2. Consumption Patterns

Consumption patterns during the 5 years of observation presented in Table 1 show
that cereals and their processed products were the food group consumed in the greatest
amount. In nearly every year of the observation, 100% of respondents consumed this food
group, with the largest average of 259.61 &+ 111.36 g in 2011. However, it was still slightly
below the expected food pattern (PPH), with the recommended daily intake of 269 g. Fats
and oils also belonged to the food groups consumed by almost 100% of respondents in each
year of observation, with the largest consumption of 78.62 &£ 71.68 g in 2019, far exceeding
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the expected food pattern (21 g). The main source of animal protein in the participants’ diet
was meat and processed meat, consumed by 58.24-74.27% of respondents, with the highest
average consumption level of 71.68 £ 76.41 g in 2019. Nuts and their processed products
were consumed by 79.58-87.19% of respondents, with the highest average of 94.19 4 84.36 g
in 2017, far exceeding PPH (37 g) [30]. The “sugar, syrup, and confectionery” group
was consumed by 58.36-83.27% of respondents, with the highest average consumption
of 34.19 £ 26.48 g in 2019. This average did not exceed the recommended limit of the
Ministry of Health, which is 50 g/day. The vegetables were consumed by 83.73-90.19% of
respondents, with the highest average consumption of 68.08 £ 58.82 g in 2017, while fruits
and their processed products were consumed by 42.67-55.59%, with the highest average
consumption of 85.88 £ 121.56 g in 2017. Vegetable and fruit consumption was still far
below PPH (262 g). The non-alcoholic beverage group was consumed by 84.77-92.50%
of respondents, with the highest average of 471.05 + 411.44 g in 2019. Looking into the
consumption dynamics in the studied period (between 2011 and 2019), there was a drop
in the consumption of cereals, and a significant increase in the consumption of fats and
oils, sugars, syrup and confectionery, non-alcoholic beverages, starchy roots and tubers,
and animal-sourced products such as meat, eggs, and milk and dairy. At the same time,
there was a significant increase in drinking water consumption, and a slight increase in
vegetables and fruits consumption (Table 1).

3.3. Energy, Macronutrients and Fiber Intake

The results on the energy, macronutrients and fiber intake are presented in
Figures 1 and 2. The average energy intake showed an increasing trend within the pe-
riod under investigation (2011-2019), but it was still below the adequate intake of 2250 kcal,
except for 2019. At the same time, the percentage of participants with an excessive energy
intake status has largely increased in the observed period, from 4.6% in 2011 to 41.2%
in 2019.

The average protein intake also increased during the studied period, although it was
still below the RDA (60 g), except for 2019. At the same time, the percentage of respondents
with adequate or too high protein intake was consequently increasing during the studied
period, reaching 13% (appropriate intake) and 22.4% (above RDA) in 2019.

Except for 2017 and 2019, the average fat intake was also below the RDA (65 g).
However, as reported for total energy and protein, the percentage of participants with
excessive fat intake has largely increased during the 5 years of observation, exceeding 55%
of the studied population in 2017 and 2019.

The carbohydrate intake was also increasing during the course of the five years, but
the average value was still below the RDA (360 g). At the same time, the percentage of
participants showing an excessive carbohydrate intake appears to have been increasing
from 2013 to 2019, with the largest increase between 2017 and 2019 (from 12% to 37%).

The average fiber intake was far below the RDA (32 g), with almost 100% of the
studied population not reaching adequate intake levels.

31



Nutrients 2025, 17, 1459

"(G0°0 > d 1S3, PaITeJ UOXOI[TA) STedA U99M]( SOURIDJTP JUedTUSIS A[[edTISTIE}S MOUS (3-B) MOI SUIES U} UTUIIM SIS JUSIJJI

. . . . . Iorem
T1'789C TT6hST ¥6766C 66'750C 68°£S81 SUB[ULIp M [210]
806V FOI0CIFL  G98  TH/S9 FP8YL6CL  GS8  9T0€9 FOEI'6CCl €58 19866 FeOL'SO0L  1€8  PLLZES FeL6H86 €98 13em SupjuLiq
11691 peIGer 78°¢TIl 06'£¥01 76'TL8 [esor
. . . . . . . . . . syuawoddns
L8F F 3420 LT SEFPECO T 040 F2%0°0 01 Q0% F 9400 1 IT0Fe100 9 PUE SqIOY [PUOHIPEL]
800 F 2000 ¢ - - - - - - - - STOSUR[[ISIA
68°CH F2TL61 1943 I81E FPY6LL 8g¢ LS8T FO1TTL vLC €9°Gh F qL¥'1¢E LLF 04€€ FeI0LL 10¢ SUSIP POOJ PIXIA
9%°0L F29£0 g 6LLFPECO € 08F% F €70 z LUTF 9010 z o€ Fecro 13 ﬁwsmﬁ
. . . . . . . . . . soderanaq
PLIF FoO01LF  ¥6L  S6LVEFP60THY 08 F0'69€ FO6e9Th 164 IFLSE FASUITE 884 9TISTFROLSOT  SEL SIOYOd[EUON
LYY FOIST i Q9L F ALTO 4 8T9FeIT0 I - - - - s93e19A9q JI[OYOIY
. . . . . . . . . . SjuaWIPUOd
QO'ST F P i€l 098 0S°1C F © 9961 998 8L LT FOTI'SL 798 I8°€1 F A485CL 058 €0l Feeh 1l 68 pue soords
. . . . . . . . . . K12U011095U00
8F'9T F 2 61H¢ T 60'4C F 29 19°ST 169 G6'TC F 966'1C 859 90°¢E F A6L°LL 905 0L'ST F e SS61 1#9 pue dniks ‘sreng
891 F 2798 298 ¥8'6S F P S0'1Z 198 L9°8% F 2 $0°SS 798 8T0% F 460°L¢E 868 bL8E F R ILTH 798 S[10 pue sje]
65°€H FoErel 8¢ S6'9% F P €801 Gze T1'LE F9849 101 800 F 948°¢ i 69'9C F © £T9 gl syonpoid pue N
66'SH F 2 TT'LE L8 0SHr F P €4°6E 918 Q9'T¥ F 2 T8°0¢ v9¥ 81°0% F 901°9¢ 765 0L0% F © €6'6T 0¥ sponpoxd pue 337
syonpoid pue
ey Foehee 98¢ G8'Th F P €T9T 0k 87'6G F O GI°TE 6% €8/ F 90€°LT q9% Ph9¢ Feheae 79y  s[ewrue openbe 1o
“YsYIpYs ‘ysyury
I¥'9L F 98914 9 1269 F P 6L€9 6.8 G8'¥%L F 29¢°08 GTs 9L°€h F q¥F9¢ 1548 68'1S F © 95T 08 syonpoid pue jeay
91°CZL F 9 6£T8 LI 9G'TCL F © 8868 z8¥ €1°96 F 2 67°S 0L€ 1T 4L F 949508 9¢¥ 1201 F e 6l e 0zh syonpoid pue symug
LLTS FAGST'19 8L 18'85 F P 80°89 €LL 61°9% F 2 146V L¥L 60 LV F qTL8Y 9L 9F'Ch Feelsy L EMHMMMQ A
. . . . . . . . . . sponpoxd pue ‘spass
01'8Z F 2 67°€8 LEL 9¢F8 F PFIF6 162 1£'8L F 2 6L€8 95/ 81'8S F 9 6€°£9 by 09°9Z F © 2092 069 puE synu ‘sownSe]
. . . . . . ) ) . . syonpoid pue s1aqn)
7869 F 0 LE°Ch 86 eI'Ts F o €07 €pe 9T'Sh F 99T 978 €88 F 91691 86T G6'IE F e eIl 68¢ U 51001 AUpIEIS
90CEL FPF8FEC 998  98EILFOIFSST  £98  TFHOLFOLL6SC 998 L6166 F ALV TC 998  9CTIILFeI96ST  £98 E&hﬂﬂwﬂmﬁu
) as F ueay u ) as F uesay u ) as F ueay u ) as F uesy u ) as F uesy u

610¢

L10T

S10T

€10¢

1102

sdnoio poog

UOT}BAIISO JO SIedA 9A Surmp ersauopuy ut Apnis NI woiy syuspuodsar /98 jo uonemdod oy jo suraped uondumsuod poog T d[qeL

(6102-1102)

32



Nutrients 2025, 17, 1459

8000

6000

8
S

Energy intake (kcallperson/day)

]
o
=3
=]

I—m—im A

Fatintake (g/personiday)
g 8

-

T |

—

Figure 1. Daily intake of energy (kcal/person/day) (a), protein (b), fat (c), carbohydrates (d), and
fiber (e) (g/person/day) by the population of 867 respondents from FRTPM study in Indonesia
during five years of observation (2011-2019).
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3.4. Contribution of Food Groups to Nutrient Intake

The cereals and processed cereal-based foods had the largest contribution to energy
(47.71%), protein (37.20%), carbohydrates (71.57%), and fiber (28.03%) intake. The fats and
oils group is the second largest contributor to energy intake (16.78%) and contributes the
most to fat intake (50.69%). Other food groups that bring fat intake contribution of more
than 10% are meat and processed meat-based products (14.88%) and nuts, seeds, and their

The results on the contribution of food groups to nutrient intake are shown in Table 2.

processed products (10.56%).
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Figure 2. Energy (a), protein (b), fat (c), carbohydrates (d), and fiber (e) intake status of the population
of 867 respondents from FRTPM study in Indonesia during five years of observation (2011-2019):
percentage of participants with intake levels below RDA /appropriate/above RDA.
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Food groups that contribute quite significantly to protein intake are also nuts, seeds,
and their products (18.02%) and meat and processed meat-based products (16.4%). Other
animal protein source food groups, such as fish, shellfish, and other aquatic animals,
contribute 9.56%, and eggs and their processed products contribute 7.11%. The average
carbohydrate intake has increased during the 5 years of observation, allegedly due to the
consumption of sugars from the high-sugar non-alcoholic beverage group, such as sweet
drinks made at home, manufactured sweet drinks, and carbonated drinks. The sugar,
syrup, and confectionery food group contributes to carbohydrate intake by 8.04%. Food
groups that contribute to fiber intake are vegetables and their processed products (18.54%),
nuts, grains, and their products (17.82%), and fruit and processed products (17.67%).

3.5. Obesity as an Early Indication of Non-Communicable Diseases

Central obesity is determined based on waist circumference (WC) (Figure 3). The
average value of WC and the central obesity status (% of participants with identified central
obesity) increased in the period under investigation, from 43.9% in 2011 to 69.9% in 2019.
The obesity status based on BMI (Figure 4) also shows an increase in the percentage of
obese subjects, from 43.9% in 2011 to 67.9% in 2019 (although there was a slight decrease
between 2015 and 2017).
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Figure 3. Central obesity status of the population of 867 respondents from FRTPM study in In-
donesia during five years of observation (2011-2019), (a)—boxplot (waist circumference—WC, cm);
(b)—percentage of participants with/without central obesity.
BMI
100 Status
CINormal
° [ Obesity
° =
8 g g = 454 4538 422
8 g £ 540 501
g
L
£ 60
3
k]
)
g 40
c
3
5 578
8 ) e 546 542
20 :
an 013 w18 n e 0 2011 2013 2015 2017 2019
Year
Year
(a) (b)

Figure 4. The BMI-based obesity status of the population of 867 respondents from FRTPM study in
Indonesia during five years of observation (2011-2019), (a)—boxplot (BMI, kg/m?); (b)—percentage
of participants with/without BMI-based obesity.
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3.6. Observation of Biomedical Parameters of Non-Communicable Diseases

Biomedical parameters associated with non-communicable diseases, such as diabetes
and cardiovascular disease, include glycemic control (fasting blood glucose/FBG and
2-h postprandial blood glucose), blood pressure (systolic and diastolic), and lipid profile
(cholesterol, LDL-C, triglycerides, and HDL-C) [31]. The average values of biomedical
parameters during the five years of observation in this study can be seen in Table 3 below.

Table 3. Biomedical parameter (selected NCDs biomarker) values of the population of 867 respon-
dents from FRTPM study in Indonesia during five years of observation (2011-2019) (mean + SD).

Year
Parameters
2011 2013 2015 2017 2019
Fasting blood glucose (mg/dL) 92.04 + 25.91 85.80 + 24.25 95.73 + 30.29 105.02 + 44.80 105.88 + 38.90
Blood glucose 2-h postprandial (mg/dL) 126.05 + 53.66 123.23 + 45.87 136.34 + 55.04 144.39 + 68.04 138.48 + 63.25
Total cholesterol (mg/dL) 195.70 + 34.81 200.23 + 35.15 196.47 + 35.78 199.13 £ 36.73 204.82 + 38.54

Triglycerides (mg/dL)
LDL cholesterol (mg/dL)

106.96 + 62.79
126.49 £ 30.49

117.25 £ 71.05
128.09 £ 31.75

116.73 4 68.08
128.03 £ 32.65

122.59 + 78.52
123.64 £+ 31.59

HDL cholesterol (mg/dL) 51.37 = 11.46 52.14 4+ 12.35 52.89 £ 11.25 51.80 &+ 12.35
LDL-C/HDL-C ratio 2.58 +0.82 2.56 + 0.82 2.52 +0.81 2.50 + 0.82

Blood pressure, systolic (mmHg) 129.79 + 23.78 127.29 + 22.29 127.80 £ 21.42 104.83 £ 29.54

Blood pressure, diastolic (mmHg) 81.34 +13.24 80.76 + 12.72 80.34 + 12.05 83.97 +12.15

128.60 + 87.40
128.27 £ 33.54
48.86 £ 11.89
2.75+0.93
128.01 £ 20.09
81.00 & 11.08

The mean fasting blood glucose value >100 mg/dL was only recorded in 2017
(105.02 mg/dL) and 2019 (105.88 mg/dL), while blood glucose 2-h postprandial >140 mg/dL
was only recorded in 2017 (144.39 mg/dL). The mean cholesterol levels exceeding the limit
of 200 mg/mL were recorded in 2013 and 2019. The mean triglycerides (TG) values during
the 5 years of observation have increased, but were still within normal limits (<150 mg/dL).
The mean LDL cholesterol level during the 5 years of observation was nearly within the
limits (100-128 mg/dL). The average HDL cholesterol concentrations during the 5 years of
observation were all in the normal range (>40 mg/dL and <60 mg/dL). The LDL-C/HDL-C
ratio during the 5 years of observation, except for 2017, exceeded 2.5, with the limit of
2.5 being recognized as an indicator of the risk of DM and cardiovascular disease [24]. In
this study, both systolic and diastolic blood pressure were, on average, in the normal range
during the 5 years of observation.

To summarize, the results obtained related to biomedical parameters in this study did
not have the same pattern as changes in macronutrient intake, which tended to increase
each year of observation.

4. Discussion

As previously mentioned, consumption patterns in the presented study showed that
cereals and their processed products were the food group consumed in the greatest amount,
by nearly 100% of respondents. A similar trend has previously been reported in other
studies, focused on the European population [32]. Similarly, fats and oils belonged to
the food groups consumed by almost all respondents in all study years, far exceeding
the expected food pattern, which is also in agreement with other previous studies [33].
The observed vegetable and fruit consumption far below PPH also confirms global trends
and proves the high importance of the intervention in this matter. The results on the
energy and macronutrient intake were also mostly in agreement with other similar studies
that reported protein and carbohydrate intake below the recommendations [34,35], the
increased share of the population with fat intake exceeding nutritional adequacy [35], and
the low fiber intakes, with almost 100% of the studied population not reaching adequate
intake levels [36,37].
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Similarly to the presented study, another study in Indonesia also reported that the
main food groups that contribute to energy and protein intake in Indonesian households
are cereals, especially rice, next to animal protein sources such as fish and chicken [38].
Another study in Indonesia stated that the main food groups that contribute to energy and
protein intake in Indonesian households include carbohydrate staples and protein sources
from food consumed outside homes, such as soups, satays, meatball noodles, cooked
fish, and processed meat [39]. In another study, fish, poultry, red meat, eggs, milk, and
plant sources such as cereals, nuts, and tubers were listed among the food groups that
contributed the most to energy and protein intake in Indonesian households [40].

Research in Ireland has shown similar results to this study, reporting that cereal
products make a significant contribution to the average daily intake of energy (26%), protein
(21%), fat (13%), carbohydrates (41%), and fiber (45%) [41]. Food consumption survey data
from five developed countries show that this food group contributes to the daily intake
of energy, saturated fat, fiber, and certain nutrients with very similar percentages [42].
Research in the UK population also reported a large (47%) contribution of cereals and
their processed foods to carbohydrate intake [43]. The results of this study and studies in
several other countries show that the main food groups consumed in the country make the
largest contribution to energy and nutrient intake. Other research in Indonesia reported
that grain products provided the highest contribution to energy (67.2%) and protein (44.7%)
consumption, while animal protein only contributed 38.7% [44].

Both the central obesity and the BMI-based obesity status (% of participants with
identified obesity) increased in the period under investigation in the presented study,
which was associated with excessive energy, carbohydrate, fat and protein intake and the
fiber intake far below the RDA. A high-calorie and low-nutrient diet is known to contribute
greatly to the incidence of obesity and NCDs [45], with the prevalence of these conditions
significantly growing globally. Other studies also report that carbohydrate intake, especially
from sweet foods, contributes significantly to obesity [7,46]. However, the increase in the
obesity status in the present study is also suspected due to the increasing status of excess
protein and fat intake each year of observation. The status of excessive protein intake in
the subsequent years was as follows: 3.6%, 3.9%, 7.0%, 16.3%, 22.4%, while the status of
excessive fat intake was 15.7%, 16.4%, 32.9%, 55.2%, 56.6%. Research in Australia has also
shown an association between higher total protein intake and increased BMI and LP. Other
studies have reported the associations between fiber intake and weight loss, improvement
of lipid profiles, glucose metabolism, and blood pressure levels [47,48].

Even though excessive fat accumulation in the body is often attributed mainly to the
energy intake exceeding energy expenditures, with excessive food consumption being
identified as the primary cause of the imbalance, researchers also attribute the initial cause
of obesity to an intrinsic metabolic defect that diverts fuel partitioning from pathways for
mobilization and oxidation to pathways for synthesis and storage. The resulting reduction
in fuel oxidation and energy capture in adipose tissue leads to a compensatory increase
in energy intake [49]. It is generally believed that the primary cause of type 2 diabetes
is obesity-induced insulin resistance in non-adipose tissues, combined with insufficient
insulin secretion by pancreatic (3-cells to overcome this resistance. High levels of circulating
free fatty acids are deposited in insulin-sensitive non-adipose tissue cells, resulting in lip
toxicity, which is an important cause of insulin resistance [50]. The increase in obesity
status in this study can be an early indication of NCDs such as diabetes mellitus and CHD.
This study found that excessive consumption patterns and nutrient intake, especially in
fat, protein and carbohydrate intake, and lack of fiber intake, tended to increase obesity
status, but did not show the same tendency in the diabetes mellitus and cardiovascular
disease biomarkers such as blood glucose levels and lipid profile status (dyslipidemia).
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Even though not only consumption patterns and nutrient intake are risk factors for NCDs,
obesity can trigger diabetes mellitus, which is associated with an increased risk of CHD [51].

Other studies also reported that obesity is not limited to fat accumulation, but there
are other risk factors related to hormones as controllers of energy homeostasis. The concept
of “disturbed energy balance” is believed to be the beginning of obesity, but various other
factors, such as lack of sleep, lack of physical activity, and psychological factors, are also
reported to have an influence on the development of obesity [50].

Macronutrient imbalance, particularly due to overnutrition, is a significant risk factor
for the development of insulin resistance and type 2 diabetes mellitus. The intake of
various nutrients, such as fructose, dietary fiber, fatty acids, and amino acids, clearly affects
insulin sensitivity and glucose homeostasis. Adjusting the intake of these macronutrients
is essential to prevent insulin resistance, highlighting the importance of understanding
their role in energy balance and metabolic health in individuals with diabetes [52]. The
relationship between macronutrient proportions and insulin resistance is complex and not
fully understood. A high-fat, low-carbohydrate diet significantly reduces insulin resistance
compared to a low-fat, high-carbohydrate diet [53]. Fat accumulation, particularly in the
abdominal area, can increase insulinemia, which inhibits fat mobilization and oxidation. In
individuals prone to obesity, reduced fat oxidation exacerbates this imbalance, contributing
to insulin resistance. Thus, macronutrient imbalance, particularly regarding fat, plays a
significant role in the development of insulin resistance [54].

Biomedical parameters associated with non-communicable diseases, such as diabetes
and cardiovascular disease, reported in this study, included glycemic control, blood pres-
sure, and lipid profile [31]. These biomedical markers did not show the same pattern as
changes in macronutrient intake, which tended to increase each year of observation. This is
in line with the results of other studies that did not show significant relationships between
macronutrient intake and NCDs [55-57]. Interestingly, a study in China concluded that a
decreasing trend in high carbohydrate intake, combined with an increasing trend in low fat
intake, was significantly associated with an increased risk of diabetes among adults [58].
High daily calorie intake from carbohydrates, protein, and fat significantly contributes to
the risk of complications in patients with type 2 diabetes mellitus. Carbohydrate intake
exceeding 65% is associated with an increased risk of cardiovascular disease [59].

The cross-sectional epidemiological International Study of Macro/Micronutrients and
Blood Pressure (INTERMAP), involving respondents from Japan, China, England and
America, found that higher intake of vegetable protein and polyunsaturated fatty acids
were inversely associated with blood pressure, while high intake of sugar and animal
protein were directly associated with increased blood pressure levels [60]. A study in Korea
reported that macronutrient composition significantly affects the risk of hypertension. An
unbalanced diet that is high in carbohydrates and sodium is associated with an increased
risk of hypertension, especially in women [61].

A Dietary Approaches to Stop Hypertension (DASH) study reported that a carbohydrate-
rich diet, combined with an emphasis on fruits, vegetables, and low-fat dairy products and
reduced saturated fat, total fat, and cholesterol, substantially lowered blood pressure and
low-density lipoprotein cholesterol. The Optimal Macro-Nutrient Intake to Prevent Heart
Disease (Omni Heart) study, showed that replacing some carbohydrates with protein (about
half from plant sources) or with unsaturated fat (mostly monounsaturated fat) further
reduced blood pressure, low-density lipoprotein cholesterol, and the risk of coronary
heart disease. The results of these trials highlight the importance of macronutrients as
determinants of cardiovascular disease risk [62].

A 6-year cohort study in Tehran showed an association between macronutrient quality,
regardless of quantity, and the risk of chronic diseases, especially MetS [63]. Data from the
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Korean Genome and Epidemiology Study over 10 years found that a high glycemic load
diet increased the risk of developing DM in middle-aged and older Korean men, but not in
women [64]. Another 14-year cohort study concluded that higher energy, protein, and fat
intake at dinner compared to breakfast increased the risk of DM [65].

The National Health and Nutrition Examination Survey (NHANES) in the United
States, including a 15-year cohort study, reported that, in women, low fat (10%) and high
carbohydrate (75%) consumption was associated with the least optimal TG and HDL-C. In
men, HDL cholesterol was positively associated with fat and no association was detected
with TG. The positive association of total cholesterol was especially in men in a diet
consisting of 25% protein, 30% carbohydrate, and 45% fat. The highest positive association
with systolic in both sexes was in a diet containing low fat (10%) combined with moderate
protein (25%). The association with diastolic blood pressure was specific to women with
higher values in those consuming fat in the upper range (55%). There was no association
between macronutrient composition and glycemic control or adiposity. This study revealed
a sex-specific association between macronutrient composition and cardiometabolic health.
Further research is needed to explore this association across age groups [66].

A 17-year longitudinal study found that higher diet quality scores were associated
with lower risk of MetS or its components among Tehran adults. Higher intake of healthy
food group components and lower consumption of unhealthy food group components of
the diet quality score predicted lower incident MetS and its risk factors [67]. In a prospec-
tive study over 18 years, a higher intake of plant protein was associated with lower total
mortality and cardiovascular mortality. Although animal protein intake was not associated
with mortality outcomes, replacing red meat or processed meat protein with plant protein
was associated with lower total mortality, cancer-related mortality, and cardiovascular
mortality [68]. However, another study that also took 18 years, concluded that there was no
association between low carbohydrate and high protein consumption with cardiovascular
disease [69]. Results of an 18-year study in China showed that both high and low carbo-
hydrate percentages were associated with an increased risk of new-onset hypertension,
with minimal risk at 50% to 55% carbohydrate intake. The increased risk was mainly found
in those with a low intake of high-quality carbohydrates or a high intake of low-quality
carbohydrates. These findings support high-quality carbohydrate intake, and replacement
of low-quality carbohydrates with plant products, for hypertension prevention [70]. The
32-year Nurses’ Health Study I, and 26-year Nurses’ Health Study II, reported that car-
bohydrate quality plays an important role in the risk of type 2 diabetes. High-quality
carbohydrates, especially those from whole grains, were associated with a lower risk of
type 2 diabetes. Conversely, low-quality carbohydrates, such as those from refined grains
and added sugars, were associated with a higher risk of type 2 diabetes [71].

The results of several studies described above suggest that explanation of the rela-
tionships between consumption patterns and NCDs and/or their respective biomarkers
requires a long observation period, and taking into consideration the complexity of lifestyle
and sociodemographic characteristics, as well as the complexity of dietary factors including,
among others, the balance of energy and individual macronutrients but also their quality
and dietary sources.

The presented study provides important insights into diet-related risks for obesity
and non-communicable diseases in Indonesia, but it has its limitations. The self-reported
24-h dietary recall applied in the study, while valuable for assessing dietary intake, can be
affected by recall bias and misreporting, and does not fully allow for capturing all habitual
intake characteristics and for the identification of irregularly consumed foods in a typical
diet. The accuracy of the undertaken estimations could therefore be enhanced by multiple
24-h recalls or validated food frequency questionnaires. Moreover, the adjustment of the
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outcomes for a number of potential lifestyle and sociodemographic factors, unexecuted in
the study, could allow for further exploration and explanation of the observed trends.

Further research should consider the larger sample size, consumption data in the form
of multiple 24-h recall or/and validated food frequency questionnaire, monitoring of a
complexity of lifestyle and sociodemographic factors, the addition of other NCD risk factor
variables, and, last but not least, a longer observation period.

5. Conclusions

To summarize, the study identified cereals as the food group consumed in the largest
amount and the largest contributor to energy, protein, carbohydrates and fiber intake.
The fats and oils group exceeded the recommended intake, while vegetable and fruit
consumption, and consequently the fiber intake, were far below the recommendations,
with almost 100% of the studied population not reaching adequate fiber intake levels.

The energy and macronutrient intake, and the percentage of respondents with exces-
sive intake levels, were consequently increasing during the studied years. The consumption
pattern of food groups, both in terms of type and quantity, and consequently specific
macronutrients, was associated with the incidence of obesity, with the main indications
being identified as high consumption of food groups that strongly contributed to overall
energy, fat and carbohydrate intake, and fiber consumption below the RDA. At the same
time, the biomedical parameters (NCDs biomarkers) measured remained relatively stable
despite increasing obesity and macronutrient intake over the study period.

The presented study provides important insights into diet-related risks for obesity
in Indonesia. Its results could inform public health policies and help design intervention
strategies in Indonesia, such as developing targeted dietary education campaigns, to
address excessive fat and insufficient fiber intake.
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Abstract: Introduction and Objectives: Obesity constitutes a significant public health
concern and is frequently linked to metabolic dysfunctions, particularly insulin resistance
(IR). Nevertheless, a subset of obese individuals, referred to as metabolically healthy obese
(MHO), do not exhibit overt metabolic abnormalities. The present study aims to assess the
risk of developing IR among MHO workers and to explore the determinants contributing
to this risk. Methods: This cross-sectional investigation utilized data from a cohort of
68,884 obese workers across multiple occupational sectors in Spain. The classification
of participants as MHO was based on the number of metabolic syndrome components,
in accordance with the criteria established by the National Cholesterol Education Pro-
gram Adult Treatment Panel III (NCEP-ATPIII). Anthropometric, clinical, and biochemical
parameters—including body mass index (BMI), waist circumference, lipid profile, glycemic
levels, and blood pressure—were systematically assessed. The likelihood of developing IR
was estimated through various validated risk assessment models. Results: The analysis
indicates that, despite having a relatively favorable metabolic profile, individuals classified
as MHO also show signs of metabolic deterioration, such as an increased risk of insulin
resistance. Key risk factors such as physical inactivity, low adherence to the Mediterranean
diet, and socioeconomic disparities were identified as significant contributors to the tran-
sition from the MHO phenotype to a metabolically unhealthy state. Logistic regression
analyses corroborated that insufficient physical activity and suboptimal dietary habits were
strongly associated with an elevated risk of IR. Conclusions: The findings underscore
the dynamic and potentially transient nature of the MHO phenotype, emphasizing the
necessity of proactive monitoring and early preventive strategies. Encouraging physical
activity, promoting adherence to a nutritionally balanced diet, and implementing work-
place health initiatives emerge as critical measures to attenuate the risk of IR and metabolic
deterioration in MHO individuals. Future longitudinal studies are warranted to enhance
risk stratification and to formulate tailored preventive interventions.

Keywords: metabolically healthy obese; insulin resistance; Mediterranean diet; physical
activity; sociodemographic variables; tobacco consumption
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1. Introduction

Obesity represents one of the major public health challenges of the 21st century [1],
frequently associated with various metabolic comorbidities, among which insulin resistance
(IR) stands out [2]. However, a subgroup of obese individuals, referred to as “metabolically
healthy obese” (MHO), appears not to exhibit the typical metabolic dis-turbances associated
with excess adiposity [3]. This apparent paradox has garnered in-creasing interest within the
scientific community, particularly concerning the risk of de-veloping IR in this population [4,5].

MHO individuals are defined as those with a body mass index (BMI) greater than
30 kg/m? who, despite being obese, do not exhibit insulin resistance or other associated
metabolic risk factors such as hypertension or hyperglycemia [6]. The most distinctive
characteristic of these individuals is their higher insulin sensitivity compared to metabol-
ically unhealthy obese (NMHO) individuals [7]. Additionally, they tend to have a more
favorable lipid profile [8], lower levels of inflammatory markers [9], and a fat distribution
that favors subcutaneous rather than visceral storage. This adipose tissue distribution may
play a protective role against the development of metabolic disorders [10]. Epidemiolog-
ical studies estimate that this phenotype accounts for approximately 10% to 30% of the
obese population, depending on the diagnostic criteria employed and the demographic
characteristics of the analyzed cohorts [11].

Insulin resistance is a condition in which muscle, fat, and liver cells do not respond
adequately to insulin, hindering glucose uptake and leading to elevated blood sugar lev-
els [12]. This dysfunction is a key factor in the pathogenesis of type 2 diabetes mellitus [13]
and is associated with an increased risk of cardiovascular disease [14]. Several factors
contribute to the development of IR, including visceral fat accumulation [15], chronic low-
grade inflammation [16], and alterations in adipokine secretion [17]. Unlike subcutaneous
fat, visceral fat exhibits higher lipolytic activity and releases free fatty acids into the portal
system, negatively affecting liver function and promoting IR [18]. Additionally, visceral
adipose tissue secretes proinflammatory cytokines that interfere with insulin signaling [19].

Although individuals with metabolically healthy obesity (MHO) exhibit a more favor-
able metabolic profile compared to those with non-metabolically healthy obesity (NMHO),
evidence suggests that this condition may be transient [20]. Various studies have indicated
that MHO is not an entirely benign phenotype, as many individuals classified within this
category may transition to a metabolically unhealthy state over time. The dynamic nature
of MHO, which differentiates between individuals with a stable profile and those transi-
tioning to NMHO, could explain the discrepancies observed in the literature. Additionally,
research has shown that individuals with MHO have a higher risk of developing metabolic
abnormalities over time, such as insulin resistance, dyslipidemia, and hypertension, in-
creasing their vulnerability to cardiovascular and metabolic diseases [21,22]. Therefore,
longitudinal follow-up is essential to identify individuals at greater risk of progression to a
less favorable state and to design appropriate intervention strategies.

Epigenetic studies using biomarkers indicate that a significant proportion of MHO
individuals develop IR and other metabolic complications over time [23]. Findings from
the CORDIOPREYV study, with a 5-year follow-up, revealed that 71.8% of people with
MHO moved into the NMHO category [24]. The transition from an MHO phenotype to a
metabolically unhealthy state may be influenced by factors such as aging [25], additional
weight gain [26], physical inactivity [27], and genetic predisposition [28]. Furthermore, the
ability of subcutaneous adipose tissue to expand and store excess energy without inducing
inflammation or fibrosis appears to be a crucial determinant in maintaining metabolic
health in obese individuals [29].

The early identification of IR in MHO individuals is essential for implementing pre-
ventive strategies to avoid progression toward NMHO states. The Homeostasis Model
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Assessment (HOMA) index is a widely used tool for estimating IR in clinical and epidemio-
logical studies [30]. Research in pediatric populations has demonstrated that the HOMA
index is useful in distinguishing between metabolically healthy and unhealthy obesity,
suggesting its applicability across different age groups [31].

In addition to IR assessment, it is important to consider other clinical and biochemical
markers, such as adiponectin levels [32], C-reactive protein [33], and lipid profiles [34],
for a more comprehensive characterization of the metabolic status of MHO individuals.
Adiponectin, in particular, has been associated with increased insulin sensitivity [35] and a
lower cardiovascular risk [36], with higher levels observed in MHO individuals compared
to their NMHO counterparts.

Recognizing the metabolic heterogeneity among obese individuals has significant
implications for clinical practice. While MHO individuals have a lower immediate risk of
metabolic complications, they should not be considered risk free. Regular monitoring of
metabolic parameters and the promotion of healthy lifestyle habits, including a balanced
diet and regular physical activity, are essential for maintaining metabolic health and
preventing the onset of IR and other comorbidities.

Interventions aimed at improving adipose tissue function, such as strategies to en-
hance the storage capacity of subcutaneous adipose tissue and reduce inflammation, may
be beneficial in preventing the transition from an MHO phenotype to a NMHO state.
Additionally, identifying genetic and molecular markers that predict susceptibility to
developing IR in MHO individuals could facilitate the implementation of personalized
interventions.

The objective of this study is to assess the level of IR risk in a cohort of workers
classified as MHO.

2. Methods
2.1. Study Design and Participants

A cross-sectional descriptive analysis was conducted using data from occupational
medical examinations performed on 68,884 obese Spanish workers (45,498 men and
23,386 women) across the primary, secondary, and tertiary sectors between January 2019
and June 2020.

Inclusion Criteria:

Obesity, defined as a body mass index (BMI) > 30 kg/m?.
Age between 18 and 69 years.
Employment at one of the participating companies.

Voluntary participation in the study.
Exclusion Criteria:

e Individuals younger than 18 or older than 69 years.

e No employment contract with any participating company.

e Did not provide informed consent to participate in the study.

e  Did not authorize the use of their data for epidemiological purposes.
e  Missing variables necessary for calculations.

e  Body mass index (BMI) < 30 kg/m?.

The participant flowchart is presented in Figure 1.
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69,419 workers with a BMI > 30 kg/m?, attended to carry
out their occupational medical examination.

Identification

53 did not agree to participate

66 did not meet the inclusion criteria, are under 18
years of age or over 69 years of age

Selection

69,366 workers were reviewed

416 are missing some variable to calculate a scale

68,884 (45,498 men and 23,386 women) workers were
eligible

>
=
£

&n
=
23}

68,884 (45,498 men and 23,386 women) are finally
included in the study

Inclusion

Figure 1. Flowchart of the participants in the study.

2.2. Variable Assessment

After standardizing measurement techniques, the study’s medical and nursing per-
sonnel conducted clinical, analytical, and anthropometric assessments, including waist
circumference, weight, and height.

Body weight and height were measured using a SECA 700 scale (SECA, Chino, CA, USA)
and a SECA 220 stadiometer (SECA, Chino, CA, USA). Participants were barefoot and
wearing underwear, following ISAK guidelines for anthropometric assessments [37]. Waist
circumference was assessed with a SECA measuring tape (SECA, Chino, CA, USA), en-
suring proper positioning: participants stood upright, with feet together and abdomen
relaxed. The tape was placed parallel to the floor at the level of the lowest floating rib [38].

Blood pressure was recorded using a calibrated OMRON M3 automatic sphygmo-
manometer (OMRON, Osaka, Japan) while participants remained seated after a minimum
rest period of 10 min. Three consecutive measurements were taken at 60 s intervals, and
the final recorded value corresponded to the average of these readings.

2.3. Biochemical Analyses

Following a fasting period of at least 12 h, biochemical parameters were assessed.
Concentrations of total cholesterol, glucose, and triglycerides were determined through
automated enzymatic techniques. High-density lipoprotein cholesterol (HDL-c) levels were
obtained using dextran sulfate-MgCl, precipitation methods. Low-density lipoprotein
cholesterol (LDL-c) was indirectly estimated using the Friedewald equation [39], expressed
inmg/dL:

LDL-c = Total Cholesterol — HDL-c + Triglycerides/5

Obesity was defined as a body mass index (BMI) > 30 kg/m?.

2.4. Definition of Metabolically Healthy Obesity (MHO)

To classify individuals as metabolically healthy obese (MHO), the criteria established
by the National Cholesterol Education Program Adult Treatment Panel III (NCEP-ATPIII)

49



Nutrients 2025, 17, 1345

for metabolic syndrome (MS) were applied [40]. These criteria included the presence of at

least one of the following metabolic risk factors:

Waist circumference: >88 cm in women and >102 ¢m in men.

Triglyceride levels: >150 mg/dL or undergoing lipid-lowering therapy.

HDL cholesterol levels: <50 mg/dL in women or <40 mg/dL in men.

Fasting glucose levels: >100 mg/dL or receiving glucose-lowering treatment.

Blood pressure status: Systolic blood pressure (SBP) > 130 mmHg and/or diastolic
blood pressure (DBP) > 85 mmHg, or the use of antihypertensive therapy.

Participants were subsequently categorized into three groups based on the number of

metabolic syndrome components present:

Group A: No metabolic syndrome factors.
Group B: One metabolic syndrome factor.
Group C: Up to two metabolic syndrome factors.

2.5. Demographic and Socioeconomic Variables

Sex was recorded as a binary variable (male or female).

Age was determined by subtracting the date of birth from the date of the medical
ex-amination.

Educational attainment was categorized into three levels: Primary education, High
school education, and University education.

Socioeconomic status was classified according to the Spanish Society of Epidemiolo-gy
criteria, based on the 2011 National Occupational Classification (CNO-11) [41], and
categorized as follows:

O Social Class I: Executives, university-educated professionals, athletes, and
artists.
@) Social Class II: Intermediate professionals and skilled self-employed workers.

O Social Class III: Low-skilled workers.
Lifestyle and Behavioral Variables

Participants were classified as smokers if they had consumed any form of tobacco at
least once per day in the past 30 days or had ceased smoking within the preceding
12 months.

Adherence to the Mediterranean diet was evaluated using a 14-item questionnaire,
with responses scored as 0 or 1 point per item. A total score > 9 was indicative of high
adherence [42].

Physical activity levels were assessed using the International Physical Activity Ques-
tionnaire (IPAQ), a self reported instrument designed to quantify physical activity
patterns over the previous 7 days [43].

2.6. Statistical Analysis

Descriptive statistics were employed to summarize categorical variables, expressed as

frequencies and distributions, while the normality of continuous variables was assessed

using the Kolmogorov—-Smirnov test. Means and standard deviations were calculated for

quantitative variables. Bivariate analyses included a Student’s t-test for mean comparisons

and chi square tests for proportion analysis. To examine factors associated with metabolically

healthy obesity (MHO), a multinomial logistic regression model was applied, with model fit

assessed using the Hosmer-Lemeshow test. Stratified analyses were conducted to control for

potential confounders, but no significant effects were detected. All statistical procedures were

executed using SPSS (version 29.0), with statistical significance set at p < 0.05.
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2.7. Ethical Considerations

This study was conducted in accordance with ethical research standards, including
compliance with the 2013 Declaration of Helsinki. The anonymity and confidentiality of
participants were strictly safeguarded throughout the study. Ethical approval was granted
by the Balearic Islands Research Ethics Committee (CEI-IB) under reference number IB
4383/20, approved on 26 November 2020. All participant data were coded, ensuring
that only the principal investigator had access to personally identifiable information. The
majority of researchers involved in the study adhered to Organic Law 3/2018 (December 5)
on Personal Data Protection and Digital Rights, guaranteeing that participants retained the
right to access, rectify, erase, and object to the processing of their data at any time.

3. Results

Table 1 presents the characteristics of the study participants, highlighting that an-
thropometric, clinical, and analytical variables show less favorable values in men. The
predominant age group in this study falls between 30 and 49 years. Most workers belong to
the lowest socioeconomic levels (social class III) and have only primary education. Physical
activity levels and adherence to the Mediterranean diet are notably low. More than 31% of
men and slightly more than one in four women are smokers.

Table 1. Characteristics of the participants.

Men n = 45,498 Women n = 23,386

Mean (SD) Mean (SD) p-Value
Age (years) 42.9 (10.0) 42.0 (10.4) <0.001
Height (cm) 173.2 (7.1) 160.0 (6.7) <0.001
Weight (kg) 99.7 (12.4) 87.5 (12.3) <0.001
Waist (cm) 96.7 (8.9) 83.3 (8.8) <0.001
Hip (cm) 108.6 (7.9) 109.5 (9.3) <0.001
Systolic BP (mmHg) 131.8 (16.2) 124.0 (15.9) <0.001
Diastolic BP (mmHg) 81.0 (10.7) 76.9 (11.0) <0.001
Total cholesterol (mg/dL) 204.1 (38.8) 200.3 (37.4) <0.001
HDL-cholesterol (mg/dL) 48.3 (7.0) 51.2 (7.1) <0.001
LDL-cholesterol (mg/dL) 124.5 (37.5) 127.1 (37.0) <0.001
Triglycerides (mg/dL) 158.6 (108.4) 110.5 (55.8) <0.001
Glucose (mg/dL) 92.3 (14.0) 89.0 (13.4) <0.001
% % p-Value
<30 years 10.0 13.5 <0.001
30-39 years 28.3 28.2
40-49 years 34.5 32.3
50-59 years 22.6 21.9
60-69 years 4.6 4.3
Elementary school 63.7 64.9 <0.001
High school 32.3 30.6
University 4.0 4.5
Social class I 4.6 4.2 <0.001
Social class 1T 15.7 21.4
Social class III 79.7 74.4
No physical activity 96.5 95.3 <0.001
Physical activity 3.5 4.7
No Mediterranean diet 91.8 85.1 <0.001
Mediterranean diet 8.2 14.9
Non-smokers 68.3 74.0 <0.001
Smokers 31.7 26.0

BP blood pressure. HDL High density lipoprotein. LDL Low density lipoprotein. SD Standard deviation.
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In all cases, the differences observed between men and women are statistically sig-
nificant (p < 0.001).

In Table 2, we present the mean values of the scales used to estimate the risk of de-
veloping insulin resistance or prediabetes. Meanwhile, Table 3 provides the prevalence
of elevated values for these same scales, comparing these values between the MHO) and
NMHO groups. In both cases, the same trend is observed, namely, higher values in the
NMHO group. The differences observed across all scales consistently show statistical

significance (p < 0.001).

Table 2. Mean values of different insulin resistance risk scales in metabolically healthy and unhealthy

obese to sex.

n = 8764 n = 36,734 n =24,264 n =21,234 n = 34,660 n =10,838
mHo (a)  NYHO MHO (B)  NMHO (B) MHO (©)  NMHO (C)

Men Mean (SD) Mean (SD) p-Value Mean (SD) Mean (SD) p-Value Mean (SD) Mean (SD) p-Value
TyG index 8.3(0.3) 8.9 (0.6) <0.001 8.4 (0.4) 9.0 (0.6) <0.001 8.5(0.5) 9.1 (0.6) <0.001
TyG-BMI 2647 (19.6)  297.6 (38.2) <0.001 2709 (23.3)  303.5 (38.6) <0.001 278.7 (27.1)  313.0 (40.0) <0.001
TyG-waist 774.5 (52.8)  880.1(105.1) <0.001 794.9 (65.5)  898.6(103.7) <0.001 822.0 (78.8)  926.6(103.5) <0.001

TyG-WtHR 45 (0.3) 5.1 (0.6) <0.001 4.6 (0.4) 5.2 (0.6) <0.001 4.7 (0.4) 5.3 (0.6) <0.001
METS-IR 45.6 (3.4) 52.6 (7.0) <0.001 47.0 (4.1) 53.8 (7.0) <0.001 48.7 (4.8) 55.8 (7.2) <0.001
SPISE-IR 2.1(0.2) 2.5 (0.5) <0.001 2.1 (0.3) 2.6 (0.5) <0.001 2.2 (0.3) 2.7 (0.5) <0.001

PRISQ 17.4 (6.8) 26.8 (8.4) <0.001 204 (7.7) 28.1 (8.0) <0.001 22.7 (8.0) 29.9 (7.6) <0.001
Women n = 6146 n=17,240 n = 14,446 n = 8938 n=19,976 n = 3410
TyG index 8.1(0.4) 8.5 (0.5) <0.001 8.2 (0.4) 8.6 (0.5) <0.001 8.3 (0.4) 8.7 (0.5) <0.001
TyG-BMI 257.2 (15.5) 293.1 (40.6) <0.001 267.3 (25.2) 300.0 (41.6) <0.001 276.4 (31.3) 311.2 (43.3) <0.001
TyG-waist ~ 659.4 (47.0)  775.6 (97.2) <0.001 702.6 (75.2)  793.8 (95.6) <0.001 730.9 (84.3)  820.5 (95.5) <0.001

TyG-WtHR 4.2(0.3) 4.8 (0.6) <0.001 4.4(04) 4.9 (0.6) <0.001 4.6 (0.5) 5.1(0.6) <0.001
METS-IR 43.2 (2.2) 50.4 (6.9) <0.001 454 (4.4) 51.7 (7.0) <0.001 47.3 (5.2) 53.6 (7.3) <0.001
SPISE-IR 1.9(0.2) 2.4 (0.5) <0.001 2.1(0.3) 2.4 (0.5) <0.001 2.2 (0.4) 2.6 (0.5) <0.001

PRISQ 15.1 (6.5) 23.6 (8.3) <0.001 17.5 (7.0) 25.3 (8.0) <0.001 19.9 (7.6) 27.6 (7.7) <0.001

TyG Triglyceride glucose index. BMI Body mass index. WtHR Waist to height ratio. METS-IR Metabolic score
for insulin resistance. SPISE-IR Single-point insulin sensitivity estimator-insulin resistance. MHO Metabolically
healthy obese. NMHO Non-Metabolically healthy obese. (A) 0 factors of metabolic syndrome. (B) <2 factors of
metabolic syndrome (C) <3 factors of metabolic syndrome.
Table 3. Prevalence of high values of different insulin resistance risk scales in metabolically healthy
and unhealthy obese to sex.

n = 8764 n = 36,734 n = 24,264 n =21,234 n = 34,660 n =10,838

NMHO NMHO NMHO
MHO (A) (A) MHO (B) (B) MHO (C) (©)
Men % Yo p-Value % % p-Value % Y% p-Value

TyG index high 3.1 52.2 <0.001 11.7 61.0 <0.001 24.4 74.6 <0.001

METS-IR high 9.4 58.9 <0.001 18.3 67.8 <0.001 32.1 80.3 <0.001

SPISE-IR high 215 71.3 <0.001 33.8 79.2 <0.001 48.1 88.9 <0.001

PRISQ high 5.3 51.8 <0.001 19.9 58.1 <0.001 30.7 67.6 <0.001
Women n = 6146 n=17,240 n = 14,446 n = 8938 n=19,976 n = 3410

TyG index high 5.0 31.2 <0.001 7.9 38.1 <0.001 13.4 52.8 <0.001

METS-IR high 0.3 422 <0.001 11.0 50.7 <0.001 229 63.1 <0.001

SPISE-IR high 59 55.8 <0.001 22.2 64.5 <0.001 35.8 76.3 <0.001

PRISQ high 2.7 25.7 <0.001 5.1 31.8 <0.001 10.3 444 <0.001

TyG Triglyceride glucose index. METS-IR Metabolic score for insulin resistance. SPISE-IR Single-point insulin
sensitivity estimator for insulin resistance. PRISQ Prediabetes Risk Score in Qatar. MHO Metabolically healthy
obese. NMHO Non-Metabolically healthy obese. (A) 0 factors of metabolic syndrome. (B) <2 factors of metabolic
syndrome (C) <3 factors of metabolic syndrome.

Table 4 presents the findings of the multinomial logistic regression analysis, demon-

strating that all independent variables incorporated into the model—including sex, age,
educational attainment, social class, smoking status, physical activity levels, adherence to
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the Mediterranean diet, and classification as either MHO or NMHO (based on the three
established criteria)—exhibit significant associations with elevated scores on the insulin
resistance and prediabetes risk scales. Among these factors, the most pronounced associa-
tions, as indicated by odds ratios (ORs), are observed for physical activity, adherence to the
Mediterranean diet, and metabolic classification as MHO or NMHO.

Table 4. Multinomial logistic regression.

TyG Index High  SPISE-IR High METS-IR High PRISQ High
OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)
Female 1 1 1 1
Male 2.25(2.14-2.35) 1.22 (1.18-1.26) 1.33 (1.26-1.40) 1.36 (1.28-1.45)
<30 years 1 1 1 1
30-39 years 1.06 (1.03-1.09) 1.09 (1.06-1.13) 1.16 (1.09-1.23) 1.10 (1.06-1.14)
40-49 years 1.11 (1.07-1.15) 1.29 (1.20-1.38) 1.35 (1.28-1.42) 1.21 (1.16-1.26)
50-59 years 1.24 (1.12-1.37) 1.59 (1.43-1.75) 1.68 (1.50-1.86) 1.85 (1.61-2.19)
60-69 years 1.61 (1.43-1.81) 2.08 (1.80-2.36) 1.99 (1.80-2.19) 2.11 (1.88-2.34)
University 1 1 1 1
High school 1.09 (1.06-1.12) 1.12 (1.06-1.18) 1.08 (1.04-1.12) 1.07 (1.04-1.10)

Elementary school

Social class I
Social class IT
Social class IIT

1.20 (1.13-1.27)
1

1.05 (1.02-1.08)

1.29 (1.20-1.38)

1.28 (1.16-1.40)
1

1.21 (1.15-1.27)

1.53 (1.37-1.70)

1.25 (1.18-1.32)
1

1.06 (1.03-1.10)

1.33 (1.24-1.42)

1.23 (1.15-1.31)
1

1.16 (1.12-1.20)

141 (1.31-1.51)

Physical activity 1 1 1 1
No physical activity 6.34 (5.98-6.70) 5.29 (4.96-5.62) 6.78 (6.30-7.26) 3.88 (3.59-4.18)
Mediterranean diet 1 1 1 1
No Mediterranean diet 535 (4.99-5.71)  3.40(3.05-3.75)  5.10 (4.70-551)  2.90 (2.49-3.31)
Non-smokers 1 1 1 1
Smokers 1.06 (1.03-1.10) 1.16 (1.11-1.20) 1.14 (1.09-1.18) 1.03 (1.00-1.07)
MHO (A) 1 1 1 1
NMHO (A) 467 (425-5.12)  2.12(2.02-221)  2.05(1.94217) 221 (2.07-2.36)
MHO (B) 1 1 1 1
NMHO (B) 552 (5.27-5.79) 298 (2.86-3.11)  2.62(251-2.74)  2.36 (2.18-2.54)
MHO (C) 1 1 1 1
NMHO (C) 8.79 (8.24-9.37) 8.81 (8.10-9.58) 4.25 (4.03-4.47) 7.60 (6.59-8.77)

TyG Triglyceride glucose index. METS-IR Metabolic score for insulin resistance. SPISE-IR Single-point insulin
sensitivity estimator for insulin resistance. PRISQ Prediabetes Risk Score in Qatar. MHO Metabolically healthy
obese. NMHO Non-Metabolically healthy obese. (A) 0 factors of metabolic syndrome. (B) <2 factors of metabolic
syndrome (C) <3 factors of metabolic syndrome. OR Odds ratio.

4. Discussion

The findings of this study provide relevant evidence on the association between the
risk of insulin resistance (IR) and prediabetes in workers classified as MHO. Although
the MHO phenotype has been considered a condition with a lower metabolic risk, the
results support the idea that individuals with MHO are not exempt from developing
metabolic disorders.

The cross-sectional design prevents the establishment of causal relationships, as data
are collected at a single time point, making it difficult to distinguish between causality
and correlation. Additionally, selection bias may arise if the sample does not adequately
represent the population. However, in our case, we consider that the large sample size
reduces this bias.

One of the most significant findings is that, despite presenting a more favorable
metabolic profile compared to NMHO individuals, workers with MHO also show signs of
metabolic deterioration, as evidenced by the values of IR risk scales. In particular, physical
activity [44-46] and adherence to the Mediterranean diet [47-49] have been identified as
key protective factors against IR, highlighting the importance of promoting healthy lifestyle
habits in this population.

Adipose tissue distribution appears to play a crucial role in the transition from the
MHO phenotype to a NMHO state [50]. Previous studies have demonstrated that pref-
erential fat storage in subcutaneous adipose tissue, rather than visceral adipose tissue, is
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associated with a lower metabolic risk [51]. However, over time, the capacity of subcuta-
neous adipose tissue to store excess energy is exceeded, leading to increased lipotoxicity
and systemic inflammation, both of which are key factors in the development of IR [52].

Another aspect to consider is the influence of sociodemographic and lifestyle factors
on the metabolic evolution of MHO individuals. In this study, age, educational level, and
social class were found to be associated with a higher risk of IR and prediabetes [53-55],
indicating that social inequalities may play a significant role in the progression of MHO to
a pathological state. These findings align with previous research suggesting that limited
access to healthy foods [56], reduced opportunities for physical activity [57], and chronic
stress [58] contribute to metabolic deterioration in vulnerable populations.

It would be of great interest to further explore the relationship between metabolic
health and the organizational level of workers within each occupational category, con-
sidering classifications such as directors, managers, technicians, officers, and laborers.
This analysis would help identify whether specific patterns exist in the distribution of
healthy lifestyle habits according to occupational hierarchy and determine whether certain
organizational levels present a higher metabolic risk.

Additionally, it would be relevant to describe the predominant employment profiles,
differentiating between manual labor, sedentary work, and shift work. Each of these
occupational types involves different physical demands and stress levels, which could
influence the prevalence of insulin resistance and other metabolic disorders.

This approach would provide a better understanding of how workplace characteristics
impact workers” health, including factors such as available time for physical activity, access
to healthy nutrition, and exposure to stressors. The interaction between occupational type,
job-related physical demands, lifestyle habits, and access to health resources could offer
valuable insights for designing workplace health promotion and prevention strategies.

Therefore, this analysis represents a key aspect to consider in future research on
occupational health and the risk of developing insulin resistance.

From a clinical perspective, these results highlight the need for periodic monitoring
of MHO individuals to identify early signs of transition toward IR and other metabolic
complications such as prediabetes. The use of tools such as the Homeostatic Model Assess-
ment (HOMA) index for evaluating insulin resistance [59], along with biomarkers such
as adiponectin [60] and C-reactive protein [61], could allow for more precise stratification
of metabolic risk in this population. Combining these markers with imaging techniques,
such as magnetic resonance imaging (MRI) [62] or computed tomography (CT) [63], could
provide a more detailed assessment of the metabolic status of MHO individuals. However,
these data are not available in our study and should be considered in future research.

Physical activity plays a crucial role in preventing insulin resistance and the develop-
ment of prediabetes, as evidenced by the findings from the multinomial logistic regression
analysis. The results show significant associations between high scores on insulin resistance
scales and the risk of prediabetes, with physical activity acting as a protective factor. This is
reflected in the Odds Ratio values, which range from 3.88 to 6.78, indicating that individuals
with lower physical activity levels have a significantly higher probability of developing
insulin resistance compared to those who engage in regular exercise.

This protective effect can be explained by several physiological mechanisms. Physi-
cal activity enhances insulin sensitivity by increasing glucose uptake in skeletal muscles,
thereby reducing blood glucose levels. Additionally, exercise promotes a reduction in vis-
ceral adiposity, which is closely linked to chronic inflammation and metabolic dysfunction.
It also influences the regulation of adipokines and inflammatory cytokines, modulating
metabolic responses and lowering the risk of developing insulin resistance [64].
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The findings of this study reinforce the importance of promoting physical activity as a
key strategy for preventing metabolic diseases. Including specific recommendations on
exercise frequency, intensity, and type could help develop more effective interventions
in at-risk populations [65]. Since physical activity is a modifiable factor, its promotion in
workplaces, educational settings, and community programs could be an effective strategy
to reduce the burden of type 2 diabetes and other related metabolic diseases. These findings
highlight the need for further research in this area to optimize prevention strategies.

The Mediterranean diet is a fundamental pillar in preventing metabolic disorders,
particularly insulin resistance. The results from the multinomial logistic regression analysis
indicate that lack of adherence to this dietary pattern significantly increases the risk of
developing insulin resistance, with Odds Ratio values ranging from 2.90 to 5.35. This
suggests that individuals who do not follow the Mediterranean diet have nearly three to
more than five times the likelihood of developing insulin resistance compared to those who
adhere to it.

The metabolic benefits of the Mediterranean diet can be attributed to its composition,
which is rich in monounsaturated fatty acids from olive oil, a high intake of fruits, vegeta-
bles, legumes, and nuts, and a moderate consumption of fish and dairy products. These
foods contain bioactive compounds that reduce systemic inflammation, oxidative stress,
and improve insulin sensitivity. Additionally, dietary fiber from fruits, vegetables, and
whole grains modulates the glycemic response and supports the gut microbiome balance,
contributing to better metabolic regulation [66].

This study reinforces the importance of promoting the Mediterranean diet as a key
strategy in preventing insulin resistance and related metabolic disorders such as type 2
diabetes and metabolic syndrome. Nutritional education and public health policies that
encourage adherence to this dietary pattern could be essential in reducing the incidence of
these conditions. Furthermore, personalized interventions could be designed to improve
Mediterranean diet adherence, particularly in populations with high-risk factors. These
results underscore the need for continued research on the relationship between nutrition
and metabolic health.

Smoking is established as a modifiable risk factor in the development of insulin
resistance, as evidenced by the results of the multinomial logistic regression analysis. Our
analysis shows an increased risk of insulin resistance ranging from 3% to 16% in smokers
compared to non-smokers, highlighting the importance of addressing this habit in the
prevention of metabolic disorders.

The pathophysiological mechanisms underlying this relationship include oxidative
stress and chronic inflammation induced by toxic tobacco components, which impair
endothelial function and disrupt insulin signaling [67]. Additionally, smoking is associated
with an unfavorable distribution of body fat, promoting the accumulation of visceral fat—a
key factor in insulin resistance [68].

Since smoking is a modifiable risk factor, its control should be a priority in public
health strategies. Implementing smoking cessation programs and raising awareness of its
metabolic effects could significantly reduce the risk of developing insulin resistance and
associated metabolic diseases.

Furthermore, it is essential to design intervention strategies aimed at improving
the metabolic health of MHO individuals. Interventions that promote physical activity
maintenance, the adoption of a healthy diet, and stress reduction could play a crucial role in
preventing the development of IR [69,70]. In this regard, implementing health promotion
programs in the workplace could be an effective strategy for improving workers” wellbeing
and preventing the progression of MHO to a pathological state [71]. Strategies that include
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personalized nutritional counseling, tailored physical training, and stress management
programs could be particularly beneficial for this population group.

The role of genetics and epigenetics in the evolution of MHO individuals is another
factor that warrants special attention [72]. Recent studies have demonstrated that cer-
tain genetic variants may predispose individuals to transition to an NMHO state [28].
Additionally, epigenetic regulation induced by environmental factors such as diet and phys-
ical exercise can modulate the expression of genes related to inflammation [73], glucose
metabolism, and insulin sensitivity [74]. Research in this field could open new avenues for
the development of personalized therapies aimed at preventing the progression of IR in
these individuals.

It is important to note that variability in the diagnostic criteria for the MHO phe-
notype poses a challenge for comparability across studies. Different studies have used
varying thresholds to define insulin resistance and other metabolic risk factors, which
may influence the estimated prevalence of this phenotype and the interpretations of its
clinical impact [75,76]. Standardizing these criteria and incorporating longitudinal analyses
would facilitate a better understanding of the evolution of MHO individuals and the factors
contributing to their transition to a metabolically unhealthy state.

Another key aspect is the impact of public health policies on the prevention and
management of the MHO phenotype. Government initiatives aimed at promoting healthy
lifestyles, improving access to nutritious foods, and reducing work-related stress and
bur-dens among workers could play a crucial role in reducing the incidence of IR in this
pop-ulation [77,78]. Collaboration between the health, education, and labor sectors could
yield more effective strategies for promoting long-term metabolic health.

Among the essential strategies to improve employee health, several concrete actions
can be implemented in the workplace. First, adequate health education training for all
workers is fundamental to promoting the adoption of healthy habits and preventing chronic
diseases. The promotion of healthy lifestyles should be supported by awareness programs
tailored to the needs of each occupational group.

Second, the implementation of workplace nutrition policies is key to improving em-
ployees’ dietary habits. This includes offering healthy meal options in workplace cafeterias
and eliminating vending machines that promote the consumption of ultra-processed foods.
Another essential measure is ensuring work schedules that allow employees sufficient time
to eat properly, preventing rushed or unbalanced meals due to a lack of breaks. Addition-
ally, the installation of fitness areas in the workplace would encourage regular physical
activity, benefiting cardiovascular health and overall well-being.

Finally, companies can develop physical exercise and stress management programs,
such as mindfulness, yoga, and relaxation techniques. These strategies would not only im-
prove individual health and well-being but could also enhance productivity and company
profitability by reducing absenteeism and improving employee performance.

Strengths and Limitations

A key strength of this study is its large sample size, comprising nearly 69,000 obese
workers, making it one of the most extensive investigations of MHO conducted globally.
Another notable advantage is the wide range of analyzed variables, encompassing both
sociodemographic and lifestyle-related factors, and their relationship with MHO. Further-
more, the use of validated questionnaires to assess physical activity levels and adherence
to the Mediterranean diet enhances the study’s reliability, offering a cost-effective and
practical approach for evaluation and longitudinal monitoring.

However, this study is subject to certain limitations. One of the primary constraints
is its cross-sectional design, which precludes the ability to establish causal relationships.
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Additionally, the exclusion of unemployed individuals, retirees, and those under 18 or over 69
years of age limits the generalizability of the findings to the broader population. Nevertheless,
the large sample size is expected to mitigate this limitation to some extent. Similarly, as
the study was conducted exclusively within a Spanish population, the findings may not be
directly applicable to other populations, necessitating caution in extrapolating the results.

Not stratifying by hierarchical level within each occupation limits the analysis of pat-
terns according to job hierarchy and specific sectors. Understanding how the work environ-
ment, physical demands, and access to health resources influence lifestyle habits is essential
for designing preventive strategies and guiding future research in occupational health.

The lack of biomarkers is another limitation of our work, as they would be very useful
in allowing for more precise metabolic risk stratification in this population.

Another potential limitation stems from the use of self-administered questionnaires,
which are inherently susceptible to recall bias and social desirability bias. Future research
should consider integrating objective validation methods to enhance data accuracy. Addi-
tionally, certain confounding factors, such as comorbidities and pharmacological treatments,
were not accounted for due to data unavailability, which may have influenced the outcomes.

5. Conclusions

The results of this study reinforce the evidence that the MHO phenotype should not be
considered a stable or benign condition, but rather a transitory state that may evolve into
metabolic dysfunction over time. Early identification of IR risk and the implementation of
prevention strategies based on the promotion of healthy lifestyles are essential to minimize
the complications associated with obesity in this population. Adopting a comprehensive
approach that combines clinical assessments, advanced biomarkers, genetic and epigenetic
studies, and personalized intervention strategies could be key to improving long-term
metabolic outcomes in MHO individuals.
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Abstract: Background/Objectives: Metabolic syndrome is a significant public health issue,
particularly in urbanizing regions like the Peruvian Amazon, where lifestyle changes have
increased the prevalence of metabolic disorders. This study aimed to develop and validate
a simple, cost-effective diagnostic model for early detection of metabolic syndrome in the
urban population of San Juan Bautista, Iquitos. Methods: A cross-sectional study was
conducted with 251 adults aged over 18 years. Data collection included anthropometric
measurements, body composition analysis, and biochemical assessments. Logistic regres-
sion analyses identified key predictors of metabolic syndrome, and clinical decision trees
were developed to enhance diagnostic accuracy. Results: The prevalence of metabolic syn-
drome was 47.9%. Systolic blood pressure, triglycerides, and very-low-density lipoprotein
cholesterol were the strongest predictors. The most effective diagnostic model, combining
very-low-density lipoprotein cholesterol and systolic blood pressure, achieved a sensitivity
of 91.6% and a specificity of 78.5%, demonstrating high diagnostic accuracy. Conclusions:
The proposed model offers a practical, low-cost tool for early detection of metabolic syn-
drome in resource-limited urban settings. However, its findings are limited by the small
sample size and the lack of external validation, requiring further studies to confirm its
generalizability and applicability to other populations. Its implementation in primary
healthcare could facilitate timely interventions, reducing the risk of chronic diseases in
vulnerable populations.

Keywords: metabolic syndrome; diagnostic model; urban Amazonian population; clinical
decision tree; public health; early detection

1. Introduction
1.1. Metabolic Syndrome: Definition and Global Relevance

Metabolic syndrome (MetS) is a set of metabolic disturbances that significantly increase
the risk of developing chronic non-communicable diseases (NCDs), such as type 2 diabetes
mellitus (T2D) and cardiovascular disease (CVD). The main criteria defining MetS include
abdominal obesity, hyperglycaemia, high blood pressure (HBP), hypertriglyceridaemia
and reduced high-density lipoprotein (HDL) levels [1,2]. This set of interrelated risk
factors significantly increases the likelihood of severe complications, doubling the risk of
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cardiovascular events and increasing the risk of developing T2D by fivefold [3,4]. Globally,
MetS affects approximately 25% of the adult population, and its prevalence has been
increasing in recent decades due to various environmental and lifestyle factors, especially
in urban settings where diet and physical activity levels have changed dramatically [5,6].

Accelerated urbanisation and the Nutritional Transition are among the main factors
contributing to the increase of METS. In many regions of the world, dietary habits have
shifted towards increased consumption of ultra-processed and high-calorie foods rich
in saturated fats, sugars and salt, while consumption of fresh and nutritious foods has
declined [7]. At the same time, changing lifestyles have reduced physical activity levels
due to the increasing adoption of sedentary jobs and the use of technologies that facilitate
transport and reduce the need for physical exertion. This context has significantly increased
the prevalence of obesity and other risk factors contributing to MetS in urban populations
from diverse cultural and economic backgrounds [8].

1.2. Prevalence and Risk Factors for MetS in Peru and Latin America

In Latin America, MetS is an increasingly relevant public health problem, with a
steadily growing prevalence. Factors such as urbanisation, an increasing per capita income
and the globalisation of dietary patterns have transformed the diet and lifestyle of Latin
American populations, placing them at high risk of metabolic diseases [9]. In Peru, the
prevalence of MetS reaches 31% in adults, reflecting the severity of this problem nationwide.
Moreover, prevalence is particularly high in urban areas compared to rural areas, indicating
a direct relationship between urbanisation and the increase in risk factors associated with
MetS, such as overweight, abdominal obesity and dyslipidaemia [10]. This phenomenon is
attributed to changes in lifestyle habits, with increasing access to ultra-processed foods and
a decrease in physical activity levels that characterises urban areas of the country [11,12].

1.3. MetS in the Peruvian Amazon and the Impact of Urbanisation

The Peruvian Amazon faces unique public health challenges, and MetS is one of the
emerging problems in this region. The ‘double burden’ of malnutrition is a distinctive
feature of the Peruvian Amazon, where undernutrition and an increased prevalence of over-
weight and obesity coexist. This complex situation is driven by a nutritional transition in a
region that has historically been dependent on local, nutrient-rich foods, but which in recent
decades has experienced an increase in the availability of processed and high-calorie foods.
This dietary change, coupled with increasingly sedentary urban lifestyles, has increased
the burden of chronic non-communicable diseases, of which MetS is central [13,14].

Iquitos, the largest city in the Peruvian Amazon and capital of the department of
Loreto, presents a particular context in this sense. Being unconnected by road to the rest
of the country and dependent on river and air routes, Iquitos faces a series of limitations
that complicate access to health services and to a varied and high-quality nutritional diet.
These conditions exacerbate the vulnerability of the Iquitos population to MetS and other
metabolic diseases, as dietary options are often limited and geographic barriers hinder the
implementation of effective public health policies [15].

1.4. San Juan Bautista: Characterisation of an Urban Amazonian District

Within Iquitos, the district of San Juan Bautista is one of the areas that best represents
the challenges of urbanisation in the Peruvian Amazon. With a mainly urban population,
San Juan Bautista has witnessed a change in the lifestyle and dietary habits of its inhabitants,
which has significantly increased the risk factors for MetS in this community. Data indicate
that abdominal obesity and dyslipidaemia are increasingly common in the district, affect-
ing even individuals with a body mass index (BMI) considered normal by international
standards [16,17]. These findings highlight the need to develop tailored diagnostic models
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that take into account the anthropometric and metabolic particularities of the Peruvian
Amazonian population, where risk thresholds established for other populations may not
adequately reflect the risk profile of this population [10,18].

1.5. The Harmonised MetS Diagnostic Model and Its Application in Specific Populations

To respond to variations in risk profiles between different ethnicities and regions,
the harmonised model for the diagnosis of MetS, promoted by the International Diabetes
Federation (IDF), has become an international standard for the identification of at-risk
individuals. This model establishes specific cut-off points for key risk factors, such as
waist circumference, adapting these values to reflect variations in body composition and
metabolic susceptibility among different groups [19]. However, studies have highlighted
that the application of this model in Latin American and Amazonian populations requires
local adjustments, as these communities have particular susceptibility to MetS and its
comorbidities, which may not be adequately captured in the standard criteria of the
harmonised model [20,21]. Adapting international models to local contexts presents several
challenges. First, the cut-off points for anthropometric and metabolic variables often
do not reflect the unique characteristics of populations in regions such as the Peruvian
Amazon, where body composition and genetic predispositions differ significantly from
those in Western populations [20,22]. Second, cultural and socioeconomic factors, such
as dietary patterns, access to healthcare, and levels of physical activity, vary greatly and
influence the prevalence and risk factors of MetS [17,23]. Finally, the availability of resources
and diagnostic tools in low-resource settings can limit the feasibility of implementing
standardised criteria [13]. For instance, while the IDF model provides a global framework,
its practical application in vulnerable communities like San Juan Bautista requires tailoring
to account for these local realities. These challenges underscore the need for models that
are both scientifically robust and contextually appropriate

In the case of the Peruvian Amazon, previous studies have shown that variables such
as waist-to-height ratio (WHtR) and waist circumference (WC) are useful diagnostic tools
in low-resource settings, as they allow for practical and accessible risk assessment without
the need for advanced technology [24]. These anthropometric measures, adapted to specific
cut-off points for the Amazonian population, facilitate early and affordable identification of
estimated risk in urban settings such as San Juan Bautista, which is particularly important
in areas where resources for diagnosis and treatment are limited.

Additionally, several diagnostic models validated in comparable populations provide
further evidence supporting the use of tailored approaches in resource-limited contexts.
For instance, the FINDRISC model has been shown to effectively predict cardiometabolic
risk in low-resource environments through non-invasive measures [25]. Similarly, the
Triglycerides and Glucose (TyG) index has demonstrated high diagnostic accuracy in Latin
American populations by integrating simple biochemical parameters [26,27]. These models
highlight the importance of adapting diagnostic tools to specific sociodemographic and
cultural contexts, as they account for regional variations in metabolic and anthropometric
profiles. Building upon this evidence, our study aims to develop a diagnostic model tailored
specifically to the urban Amazonian population, addressing their unique characteristics
and public health challenges.

2. Materials and Methods

The study population consisted of EsSalud (Social Health Insurance) workers at
the health post in the district of San Juan Bautista in the city of Iquitos and the service
users themselves.

Study sample
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A non-probabilistic convenience sample was used in which an attempt was made to
include as many subjects as possible based on the time and technical resources available.
In the end, 251 subjects were included in the study.

2.1. Eligibility Criteria

Persons over 18 years of age who agreed to participate in the study and sign the
informed consent form were included, and those with an inability to stand upright during
anthropometry and bioimpedance were excluded.

O Study variables and measurementThe dependent variable of the study was the di-
agnosis of MetS according to the NCEP ATP III criteria [28]. These criteria establish
the presence of STEM when three or more of the following risk factors are present:
Obesity Central. CC > 94 cm for males o >88 cm for females.

e High blood pressure. SBP > 130 mmHg and/or DBP > 85 mmHg or antihyper-
tensive treatment.

e  High triglycerides. TG > 150 mg/dL or lipid-lowering treatment.

e High blood glucose. FG > 100 mg/dL or hypoglycaemic treatment.

e Low HDL. HDL <40 mg/dL in women or HDL < 50 mg/dL in men or pharma-
cological treatment to address it.

O  The independent variables of the study were:

e  Sociodemographics: Age (years) and sex (male/female).

e  Anthropometric. Height (cm), weight (kg), BMI (kg/m?), waist circumference
(WC, cm), body fat percentage (FP%), muscle mass (MM, kg), basal metabolic
rate (BMR, kcal), waist-to-height ratio (WHtR), A New Body Shape Index (ABSI)
(113) and Body Adiposity Index (BAI) (114). In addition, the BMI was used to
assess nutritional status according to the cut-off points established by the WHO
(111) for underweight (<18.49), normal weight (18.5-24.99 kg/m?), overweight
(25.00-29.99 kg/m?) and obesity (>30.00 kg/m?). WHtR was categorised as
healthy (Males (M): 0.43 to 0.52 and Females (F): 0.42 to 0.48); overweight (M:
0.53 to 0.57 and F: 0.49 to 0.53); elevated overweight (M: 0.58 to 0.62 and F: 0.54
to 0.57), and obese (M: >0.63 and F: >0.58) [29,30].

e Laboratory tests. FG (mg/dL), HDL cholesterol (mg/dL), TG (mg/dL), VLDL
cholesterol according to Friedewald’s formula (mg/dL) [31].

2.2. Data Collection

For data collection, several teams were formed, composed of nurses, nutritionists and
students previously trained in data collection. The students belonged to the final courses
of Nursing, Nutrition and Medicine at the University of the Peruvian Amazon. Regarding
measurements, height was taken using a Seca 213 portable stadiometer (Seca. Hamburg,
Germany). Body composition and weight were measured with a Tanita BC-545N (Tanita
Corp., Itabashini-Ku, Tokyo, Japan). Bioimpedance analysis was chosen for assessing body
composition due to its practicality, portability, and cost-effectiveness in resource-limited
settings such as San Juan Bautista. While BIA has limitations compared to gold-standard
methods like dual-energy X-ray absorptiometry, it is widely validated in population-
based studies. BIA provides reliable estimates of body fat percentage, muscle mass, and
basal metabolic rate, making it a suitable and effective tool for large-scale community-
based studies. CC was measured at the midpoint between the lower limit of the last rib
and the iliac crest. Both variables were collected with a Lufki W606PM (Lufki, Missouri
City, TX, USA) metal tape with an accuracy of 0.1 cm (118). Both circumferences were
measured at the end of a regular exhalation in an upright position with arms suspended
alongside the torso [32]. Blood pressure was measured using an OMRON M4 digital
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sphygmomanometer (OMRON Corporation Ltd., Tokyo, Japan) according to blood pressure
measurement standards. Finally, biochemical variables were measured with a Cardiocheck
(pts Diagnostics, Whitestown, IN, USA) and PTS Panels self-testing strips (pts Diagnostics,
USA) [33].

2.3. Statistical Analysis

Quantitative variables were presented using the mean and standard deviation. Quali-
tative variables were expressed as absolute frequency and percentages.

To study the goodness of fit of the quantitative variables to the normal distribution,
the Kolmogorov-Smirnov test with the Lilliefors correction was used, together with the
analysis of their histograms and Q-Q and P-P plots.

For the comparison of means, Student’s ¢-test or one-factor ANOVA was used when
the parametricity criteria were met. In the latter case, post hoc contrasts were used using
the Bonferroni test. In the absence of normality of the data, non-parametric tests (Mann—
Whitney U and Kruskal-Wallis) were used. For hypothesis testing of qualitative variables,
the chi-square test and Fisher’s exact test were used.

On the other hand, binary logistic regressions were performed. In this analysis, crude
and adjusted Odds Ratios (OR) were obtained. The Wald test was applied as a statistical
contrast method to assess the significance of the coefficients in the logistic regression model.
The goodness-of-fit of the model was assessed using the Hosmer—Lemeshow test. Finally,
to assess the predictive ability of the model, we calculated the Cox—Snell and Nagelkerke
tests, together with the coefficients of variance and determination.

2.4. Ethical Considerations

Participants were treated within the bioethical legislative framework of the Republic
of Peru. The guidelines of the Declaration of Helsinki [34], which establishes the funda-
mental ethical principles for medical research, were strictly followed. All participants were
informed personally, verbally and in writing, of the objectives of the research study. The
researchers also informed them of the dangers and advantages of their participation in this
project. All informed consents were signed and retained.

To ensure inclusivity and respect for the cultural and social characteristics of the
local population, the study involved collaboration with local healthcare professionals,
including physicians, nutritionists, and nurses, who were familiar with the community
and its sociocultural dynamics. Their participation facilitated trust-building and effective
communication with participants. Additionally, recruitment materials and consent forms
were adapted to the local context, using culturally appropriate language and formats to
ensure comprehension and meaningful participation. Efforts were also made to achieve
gender balance and include participants across a wide age range to reflect the diversity of
the population.

In addition, the provisions of Law No. 26842—Peru’s General Health Law [35], which
establishes the guiding principles of the health system in the country and addresses issues
related to medical ethics and health research, were complied with. In the area of data
protection, the regulations of the European Union’s General Data Protection Regulation
(GDPR) [36] were applied, guaranteeing the privacy and rights of participants. This ethical
and legal approach, both at local and European levels, ensured the protection of the rights
and welfare of the study participants. The research project of this Doctoral Thesis was
approved by the Research Ethics Committee of Cordoba (act 348 /reference 5610).
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3. Results
3.1. Characteristics of the Sample
The sample consisted of 251 participants, whose sociodemographic and anthropomet-

ric characteristics are shown in Table 1.

Table 1. Sociodemographic and anthropometric characteristics.

Variable Total Women Men »
n =251 164 (65.3%) 87 (34.7%)
Age (years) 4793 (SD 15.71)  47.68 (SD15.68) 48.39 (1SD3.96)
Anthropometry
WC (cm) 99.64 (SD9.65) 96.53 (53 (8.2) 105.49 (SD9.51)  <0.001
Level of WC

Low 7 (2.8%) 3 (42.9%) 4 (57.1%)

High 244 (97.2%) 161 (66%) 83 (34%) NS
Weight (kg) 73.83 (SD15.17) 67.98 (SD11.92)  71.57(SD6.48) <0.001
Height (cm) 154.76 (SD1.54) 1.51 (SD0.05) 1.62 (SD0.06) <0.001

WHtR 0.64 (SD0.07) 0.63 (SD0.07) 0.65 (SD0.05)
Level of WHtR
Low 5(2) 4 (80) 1 (20%) NS
High 244 (98) 158 (64.8) 86 (35.2%)
BMI (kg/m?) 30.360 (SD4.86) 29.83(SD 3.12) 32 (SD4.44) <0.001
Level of BMI
Underweight 2 (0.8%) 2 (100%) 0
Healthy weight 23.8 (9.2%) 20 (87%) 3 (13%)
Overweight 96 (38.2%) 69 (71.1%) 27 (28.1%) <0.001
Obesity 119 (47.4%) 66 (55.5%) 52 (44.5%)

Quantitative variables with mean and SD. Qualitative variables with absolute frequency and percentage; BMI:
Body Mass Index; WC: Waist Circumference; WHtR: waist-to-height ratio. SD: Standar Desviation; NS: No
Significant

The mean age of the participants was 47.93 & 15.71 years, with a higher proportion
of women. In terms of anthropometric characteristics, the mean WC was 99.64 + 9.65
cm, which determined that the majority of participants had a WC considered high. Simi-
larly, the mean WhtR was 0.64 & 0.067, also above the values indicating good nutritional
status, which meant that 97.2% of the sample had a high WhtR. Finally, BMI averaged
30.36 + 4.86 kg/m?, resulting in a high percentage of overweight and obese individuals.

Regarding the characteristics related to the data obtained from the bioimpedance
and clinical variables (Table 2), a mean FP of 32.73 4+7.17% stood out, with 56.6% of the
participants in the high level. Regarding the clinical variables, 80.5% of the participants
had a high HDL-C and 41.4% a high TG. The mean AG was 103.42 +41.79 mg/dL.

Table 2. Characteristics according to bioimpedance and clinical variables.

Variable Total 16‘4,]:\]?611512‘:/0) 87 1(\;[:;%)
Bioimpedance variables
FP (%) 32.73 (SD7.17) 35.21 (SD6.67) 28.06 (SD5.61) <0.001
MM (kg) 46.86 (SD 4.05) 47.26 (SD5.53) 52.39 (SD4.27) <0.001
BMR (kcal) 1492.53 (SD296.48) 1334.61 (SD162.31) 1791.02 (SD260.85) <0.001
MA (years) 51 (SD10.91) 49 (SD10.8) 54.8 (SD10.13) <0.001
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Table 2. Cont.
Variable Total 16‘:1\]?61151.?‘}/0) 87 1(\;[;[;*’/0) P
Clinical variables

SBP (mmHg) 130.37 (DE 23.65) 125.41 (SD 23.44) 139.70 (SD 21.21) <0.001

DBP (mmHg) 79.06 (DE 13.07) 75.68 (SD 12.83) 85.43 (SD 11.04) <0.001

HDL-C: (mg/dL) 38.18 (DE 13.31) 42.38 (SD 12.61) 30.24 (SD 6.479) <0.001

Level of HDL-C

Low 49 (19.5%) 39 (79.6%) 10 (20.4%) <0.05
High 202 (80.5%) 125 (61.9%) 77 (38.1%)

TG (mg/dL) 152.12 (SD 69.5) 134.01 (SD 124.01) 170.44 (SD 76.17) <0.001

TG level

Low 147 (58.6%) 106 (72.1%) 41 (27.9%) <0.05
High 104 (41.4%) 58 (55.8%) 46 (44.2%)

FG (mg/dL) 103.42 (SD 41.79) 102.63 (SD 39.42) 104.91 (SD 46.13) NS
Low 169 (67.3%) 112 (66.3%) 57 (33.7%) NS
High 82 (32.7%) 52 (63.4%) 30 (36.6%)

VLDL 70.10 (SD 37.81) 45.48(SD 14.29) 82.45 (SD 39.87) <0.001

Quantitative variables with mean and SD. Qualitative variables with absolute frequency and percentage; FP: fat
percentage; MM: muscle mass; BMR: basal metabolism rate; MA: metabolic age; SST: systolic blood pressure;
DBP: diastolic blood pressure; HDL-C: cholesterol; TG: triglycerides; FG: fasting glucose; VLDL: very low-density
lipoprotein. SD: Standar Desviation; NS: No Significant.

3.2. Bivariate Analysis and Logistic Regression for MetS

Data concerning bivariate analysis and logistic regression for MetS are shown in
Table 3. In relation to the presence of MetS, the diseased population showed a mean age
seven years older than the healthy. In addition, men had a much higher prevalence than
women, being 5.54 times more likely to develop this syndrome in the former group.

Regarding anthropometric variables, WC, weight and height were associated with a
higher prevalence of MetS (p < 0.001). However, WHtR did not show this relationship. The
FP was significantly related to MetS (crude OR = 1.22, 95%CI: 1.05-1.43, p < 0.05). Similarly,
other bioimpedance parameters such as MM, BMR and MA were related to the presence
of this condition. This association was also evident for all clinical variables. Finally, the
adjusted model included SBP, DBP, TG, FG and VLDL.

Table 3. Bivariate analysis and crude and adjusted logistic regression for MS.

Variable Sf(g&l\/;go) 1 6563(5661\./1580/0) Raw OR p Adjusted OR p
Age (years) 43.74 (14.4) 50.04 (14.51) 1.03 (1.01-1.05) p <0.05 NS
Sex
Women 73 (86.9%) 91 (54.5%) 1
Men 11 (13.1%) 76 (45.5%) 5.54 (2.74-11.19) p <0.001 NS
Anthropometry
WC (cm) 96.31 (8.55) 101.31 (9.76) 1.06 (1.02-1.09) p <0.001 NS
Level of WC
Low 5 (6%) 2 (1.2%) 1
High 79 (94%) 165 (98.8%) 5.22 (0.99-27.5) p=0.51 NS
Weight (kg) 86.91 (11.75) 76.29(16.1) 1.03 (1.01-1.05) p < 0.001 NS
Height (cm) 152 (6.2) 155 (8.6) 1.08 (1.02-1.14) p < 0.001 NS
WHitR 0.63 (0.05) 0.64 (0.07) 1.24 (0.77-2.01) NS
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Table 3. Cont.

Variable 841\1((3,3.1\/;30) 1 6§e(s66M.5§/0) Raw OR p Adjusted OR p
Level of WHtR
Low 3 (3.6%) 2 (1.2%) 1
High 81 (96.4%) 163 (98.8%) 3.01 (0.49- 18.42) NS
BMI (kg/m?) 29.45 (4.19) 30.81 (5.12) 1.06 (1.001-1.12) p <0.05 NS
Level of BMI
Underweight 1 (1.3%) 1 (0.6%) NS
Healthy weight 8 (10%) 15 (9.4%)
Overweight 40 (50%) 56 (35%)
Obesity 31 (38.8%) 88 (55%)
Variable 812/[((?;;?’2) 12/;(3(':656?{5(2) Raw OR p Adjusted OR 4
Bioimpedance variables
FP (%) 34.97 (7.94) 31.61 (6.489) 1.22 (1.05-1.43) p <0.05 NS
MM (kg) 42.34 (6.96) 49.03 (10.38) 1.09 (1.05-1.12) p <0.001 NS
BM (kcal) 1364 (189.73) 1556.31 (319.31)  1.003 (1.002-1.004) p <0.001 NS
MA (years) 46.61 (10.18) 53.19 (10.63) 1.06 (1.03-1.09) p <0.001 NS
Clinical variables
SBP (mmHg) 115.27 (17) 137.96 (22.91) 1.06 (1.04-108) p <0.001 1.08 (1.05-1.11) p <0.001
DBP (mmHg) 72.61 (8.66) 82.3 (13.72) 1.07 (1.04-1.11) p <0.001 1.23 (1.12-1.28) p <0.001
&];/Lcil(j) 43.96 (12.54) 35.26 (11.15) 0.91 (0.89-0.95) p <0.001 NS
Level of HDL-C
Low 52 (61.9%) 150 (89.8%) 1
High 32 (38.1%) 17 (10.2%) 0.18 (0.09-0.35) p <0.001 NS
TG (mg/dL) 98.7 (31.02) 170.75 (71.04) 1.03 (1.02-1.04) p <0.001 1.03 (1.02-1.04) p <0.001
TG level
Low 82 (97.6%) 65 (38.9%) 1
High 2 (2.4%) 102 (61.1%) 64.38 (15.29-270.64) p <0.001 NS
FG (mg/dL) 90.29 (19.74) 110.02 (48) 1.03 (1.01-1.05) p <0.001 1.02 (1.01-1.09) p <0.001
Level of FG
Low 80 (95.2%) 89 (53.3%) 1
High 4 (4.8%) 78 (46.7%) 17.52 (6.13-50.04) p <0.001 NS
VLDL 45.48 (14.29) 82.48 (39.87) 1.06 (1.043-1.08) p <0.001 1.04 (1.01-1.07) p <0.001

Quantitative variables with mean and SD. Qualitative variables with absolute frequency and percentage; BMI:
Body Mass Index; WC: Waist Circumference; FP: fat percentage; MM: muscle mass; BM: basal metabolism; MA:
metabolic age; SBP: systolic blood pressure; DBP: diastolic blood pressure; HDL-C: cholesterol; TG: triglycerides;
FG: fasting glucose; VLDL: very low-density lipoprotein. NS: No Significant.

3.3. Development of the Clinical Decision Tree

Figure 1 shows the ROC curves for all variables included in the regression model fitted
for MetS detection. Thus, the cut-off points that showed the best Youden index are shown
(Table 4).

The variables were grouped logically by selecting those with the least complexity of
application in the populations of the area studied. Three diagnostic models were then
developed based on the cut-off points obtained. For this purpose, the SBP and DBP variables
were transformed into dichotomous categorical variables that were used to develop the tree
without forcing the first variable (Figure 2) and thus test the effectiveness of diagnosing
MetS based on non-invasive clinical variables. In the second tree (Figure 3), the level of
TG was categorised into a dichotomous variable. Once transformed, and together with the
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dichotomous SBP, a mixed model was designed with invasive (but easy to measure with
portable devices) and non-invasive variables, without forcing the first variable. Finally, for
the third model (Figure 4), the VLDL variable was dichotomised from the cut-off point
calculated using the Youden index. In this case, the first discriminant variable was forced to
be VLDL and, using the CHAID system, DBP was discarded and SBP was finally selected

(Table 5).

Table 4. Comparison of diagnostic accuracy between variables.

Variable AUC p 95%IC Cut-Off Point  Sensitivity = Specificity J
TG 0.83 <0.001 0.78 -0.88 149.5 0.611 0.976 0.587
VLDL 0.82 <0.001 0.77-0.872 68.89 0.591 0.914 0.612
SBP 0.819 <0.001 0.71-0.83 125.5 0.725 0.81 0.534
DBP 0.756 <0.001 0.69-0.82 75.5 0.737 0.69 0.424

TG: Triglycerides; SBP: Systolic Blood Pressure; DBP: Diastolic Blood Pressure; VLDL: Very Low-Density Lipopro-
tein; AUC: Area Under the Curve; IC: Confidence Interval; J: Youden Index.

—— SBP
=== DBP
—— VIDL
— TG
REFERENCE LINE
=
‘«»
C
[}
w»
|
0.0
0.0 02 0.4 0.6 0.8 1
1 - Specificity
Figure 1. Area under the curve of the selected variables.
Table 5. Comparative diagnostic accuracy of clinical decision trees.
g s (0 cps s 1o Validity o o
Sensitivity (%)  Specificity (%) Index (%) PPV (%) NVP (%) Youden
84.43 65.48 78.09 83.94 67.90
Model 1 (78.63-90.23) (54.71-76.24) (72.77-83.40) (76.99-88.89) (57.12-79.69) 05 (0.38-0.61)
Model 2 92.22 61.90 82.07 82.80 80 0.54
(87.85-96.58) (50.92-72.88) (77.13-87.02) (77.10-88.49) (69.51-90.49) (0.43-0.65)
91.62 78.57 87.25 89.47 82.50
Model3 07 1120612)  (69.2-87.94)  (8293-91.58)  (8458-9437) (73559145 070608
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Category
L
|
MetS Dicotomic
SBP CP =1 SBP CP = 0
Chi-square=64.305, df=1, p<0.001 Chi-square=64.305, df=1, p<0.001
Category % n Category % n
0 11.7 16 0 59.6 68
1 88.3 121 1 40.4 46
Total 54.6 137 Total 45.4 114
DBP CP =1 DBP CP =0
Chi-square=4.503, df=1, p=0.034 Chi-square=4.503, df=1, p=0.034
Category % n Category % n
0 43.3 13 0 65.5 55
1 56.7 17 1 345 29
Total 12.0 30 Total 335 84

Figure 2. Clinical decision tree for MS based on SBP CP (SBP Cut-off point) and DBP CP (DBP Cut-off point).
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SBP (P = 1
Chi-square=64.305, df=1, p<0.001 Chi-square=64.305, df=1, p<0.001
Category S n Category s n
0 11.7 16 0 59.6 68
1 88.3 121 1 40.4 46
Total 54.6 137 Total 45.4 114

[\

76 =1
Chi-square=26.021, df=1, p<0.001

[\

76 =1
Chi-square=15.025, df=1, p<0.001

Category . n Category . n
0 3.5 3 0 32.7 16
1 96.5 83 1 67.3 33
Total 34.3 86 Total 19.5 49

16 =0 TG =0
Chi-square=15.025, df=l, p<0.001 Chi-square=26.021, df=1, p<0.001

Category . n Category 5 n
0 25.5 13 0 80.0 52
1 74.5 38 1 20.0 13
Total 20.3 51 Total 25.9 65

Figure 3. Clinical decision tree for MetS based on SBP CP(SBP Cut-off point) and TG.
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Category
. 0
I

MetS Dicotomic

Category % n
0

33.5 84
1 66.5 167
Total 100.0 251

VLDL PC = 1 VLDL_PC = 0
Chi-square=79.350, df=1, p<0.001 Chi-square=79.350, df=1, p<0.601
Category % i Category % n
0 1.9 2 55.8 82
1 98.1 102 1 44.2 65
Total 41.4 104 Total 58.6 147

SBP CP =1 SBP CP =1
Chi-square=4.198, df=1, p=0.040 Chi-square=50.797, df=1, p<0.6001

Category % n Category % n

0 0.0 0 0 23.9 16

1 100.0 70 1 76.1 51

Total 27.9 70 Total 26.7 67

SBP_CP = 0 SBP_CP = 0
Chi-square=4.198, df=1, p=0.040 Chi-square=50.797, df=1, p<0.001

Category % n Category % n
0 5.9 2 0 82.5 66
1 94.1 32 1 17.5 14
Total 13.5 34 Total 31.9 80

Figure 4. Clinical Decision Tree for MetS based on VLDL and SBP CP..

3.4. Comparison of the Diagnostic Efficacy of Clinical Decision Trees

As a final step, a comparative analysis of the three diagnostic trees (Table 5) was
performed based on their diagnostic accuracy. Model 2 showed the highest sensitivity, with
92.22%, followed by Model 3, while Model 1 registered a slightly lower diagnostic accuracy.

On the other hand, specificity was highest for Model 3, with a value of 78.57%,
followed by Model 1 and Model 2. AsimiMetSo, Model 3 also stood out for its Validity
Index, with a value of 87.25%, nine points higher than Model 1, which had the lowest
values.

In terms of Predictive Values, the PPV of Model 3 stood out with 89.47%. Model 2
showed a PPV of 82.80%, while Model 1 scored the lowest. However, the best Negative
Predictive Value was evidenced by Model 2, with a value of 80%, followed, in that order,
by Models 3 and 1,

Overall, and given that it was comparatively better than the rest on the basis of
diagnostic accuracy metrics and, in particular, the Youden index, Model 3 was assessed as
the most suitable for screening for STEMI in this type of population.
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4. Discussion

The results obtained in this study reveal a high prevalence of MetS in the urban
population of San Juan Bautista, reaching 47.9%, a figure considerably higher than that
reported in other regions of Peru, where the average prevalence is around 31% (Ramirez
et al,, 2022), and well above the 19.7% found in rural Peruvian populations located below
1,000 m above sea level [37]. This finding highlights the severity of the problem and
underscores the influence of changes in dietary habits and decreased physical activity
in urban settings. The high proportion of abdominal obesity (66.5%) and dyslipidaemia
(41.4%) observed in our sample aligns with the literature linking these factors to the
development of MetS. Recent studies have confirmed that accelerated urbanisation in
developing countries has intensified the risk factors associated with MetS, increasing its
prevalence to 52% in certain urban areas [38,39].

The prevalence of MetS in this urban population is higher than that found in studies
conducted in rural or mixed communities, which is consistent with research highlighting
the impact of urbanisation and nutritional transition on the rise of metabolic diseases [40].
Furthermore, the proposed diagnostic model, based on simple variables such as SBP and
VLDL levels, has proven to be effective and accessible, achieving a sensitivity of 91.6%
and a specificity of 78.5%. These results are comparable to those reported by Fornari
Laurindo et al. [41], who achieved a sensitivity of 89.4% and specificity of 75.2% using
similar methods. Another study [42] also emphasized the need to adjust metabolic indicator
cut-off points for different populations, supporting the relevance of adapted models like
the one developed in this study.

The development of simple, cost-effective, and locally adapted diagnostic tools rep-
resents a significant advancement for the early detection of MetS in vulnerable urban
populations. Implementing these models in primary healthcare centres could enhance the
identification of at-risk individuals and facilitate the application of preventive interventions.
For instance, the Triglyceride and Glucose (TyG) Index has emerged as a cost-effective
diagnostic tool for various medical conditions, reflecting underlying insulin resistance, a
key factor in many metabolic disorders [43]. Additionally, non-invasive methods utilizing
machine learning models have been proposed for early and low-cost identification of MetS,
demonstrating high sensitivity and convenience for large-scale screening [44]). Guzmdan
et al. [45] demonstrated that community interventions based on early detection of MetS
can reduce the incidence of cardiovascular diseases by 25% and type 2 diabetes by 30%.

One of the main strengths of this study lies in the adaptation of the diagnostic model
to the specific characteristics of the studied urban population. The use of easily obtainable
and low-cost clinical variables increases the feasibility of its application in resource-limited
settings. Additionally, the model shows an adequate balance between sensitivity and
specificity. Recent studies have validated similar approaches, highlighting the importance
of practical and adaptable models for MetS prevention [46].

Among the limitations, the relatively small sample size (n = 251) stands out, which
could affect the generalizability of the results. Furthermore, the use of a non-probabilistic
convenience sample and the focus on a specific urban Amazonian district may limit the
applicability of these findings to broader populations. Additionally, this study focused
primarily on the pathological and metabolic profile of the urban Amazonian population,
without including variables such as dietary intake, physical activity levels, and stress
management or alcohol consumption. These variables are critical in understanding the
multifactorial nature of metabolic syndrome and its risk factors. Future studies should ad-
dress these limitations by recruiting larger, more representative samples and incorporating
lifestyle and behavioural data to provide a more comprehensive assessment of metabolic
health. Furthermore, external validation of the diagnostic model in diverse demographic
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and geographic contexts is essential to confirm its generalizability and clinical applicability.
Additionally, the model was validated in the same population in which it was developed,
making it necessary to test its effectiveness in other urban populations. Likewise, the use
of standard formulas to estimate certain biochemical markers may not accurately reflect
the reality of this community. Recent research suggests the incorporation of emerging
biomarkers to improve diagnostic accuracy [47]. Furthermore, the reliance on traditional
anthropometric and biochemical variables in this study, while practical for resource-limited
settings, may not capture the full spectrum of factors contributing to MetS. Advanced
biomarkers, such as inflammatory markers or metabolomics, could provide deeper insights
into the pathophysiology of MetS and enhance diagnostic precision. Additionally, the
integration of digital health solutions, including wearable devices and mobile applications,
offers opportunities for real-time monitoring, early detection, and personalised manage-
ment of MetS. Future studies should explore these innovations to complement traditional
diagnostic models and improve health outcomes in vulnerable populations [48].

Future research should focus on validating the proposed model in other urban popu-
lations with different sociodemographic characteristics. Moreover, it would be advisable to
expand the sample size and consider the use of additional biomarkers to enhance diagnostic
precision. The implementation of longitudinal studies would allow for the evaluation of
the model’s predictive capacity over the long term and its impact on the prevention of
chronic diseases. These would also provide a deeper understanding of how risk factors
evolve over time and how early detection through the proposed model could influence the
natural history of MetS. In addition, tracking individual trajectories could help assess the
model’s capacity to predict long-term health outcomes, such as the onset of type 2 diabetes
and cardiovascular diseases.Therefore, these research efforts are crucial for validating the
model’s utility beyond its current context and ensuring its effective applicability across
diverse populations. Additionally, validating the model in urban populations with varying
sociodemographic and cultural characteristics would allow for the identification of poten-
tial modifications needed to optimise its applicability and effectiveness in different settings.
Integrating digital health technologies, such as wearable devices and mobile applications,
could facilitate continuous monitoring and personalised management of individuals at
risk of developing MetS [49]. Additionally, exploring the role of gut microbiota and its
modulation may offer new therapeutic avenues for MetS management [50].

5. Conclusions

This study highlights the alarming prevalence of MetS in the urban population of
San Juan Bautista, emphasizing the urgent need for targeted public health interventions.
The diagnostic model developed, based on simple and cost-effective clinical variables
such as systolic blood pressure and VLDL levels, demonstrated high diagnostic accuracy
with a sensitivity of 91.6% and specificity of 78.5%. While the model shows promise as
a practical and adaptable tool for early detection and prevention strategies in resource-
limited urban settings, its findings should be interpreted within the context of the study’s
limitations. These include the cross-sectional design, which prevents causal inferences,
the non-probabilistic sampling method, which limits generalizability, and the need for
validation in other populations and geographic contexts. Future research should address
these limitations to further refine and validate the model, ensuring its broader applicability
and effectiveness in diverse settings.

Implementing such cost-effective diagnostic tools in primary healthcare services can
significantly improve the early identification of individuals at risk, enabling timely inter-
ventions that could reduce the incidence of cardiovascular diseases and type 2 diabetes.
However, to enhance its applicability and reliability, future studies should validate this
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model in diverse urban populations and incorporate emerging biomarkers for better diag-
nostic precision.

In conclusion, our findings underscore the necessity for proactive health policies that
incorporate accessible diagnostic methods and preventive measures tailored to vulnerable
urban populations. The integration of digital health technologies could further strengthen
the monitoring and management of MetS, fostering more effective and sustainable public
health outcomes.
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Abstract: Objectives: This study aimed to clarify the effect of lactic acid bacteria-fermented
corn protein hydrolysate (FCH) on fatigue in mice and explore the connection between
fatigue-related indicators and intestinal microbial flora. Methods: The fatigue model of
mice was constructed by exercise endurance experiment. The anti-fatigue level of FCH
was evaluated by measuring physiological and biochemical indexes in mouse serum,
liver and skeletal muscle. The relationship between FCH, intestinal flora and fatigue was
explored through the analysis of intestinal microbial diversity in mice, and the anti-fatigue
mechanism of FCH was further analyzed. Results: The results showed that the weight-
bearing swimming time of mice was prolonged by 1.96 times, and the running time of mice
was prolonged by 2.63 times in the high-dose FCH (FCH-H) group. Moreover, the lactic acid
contents in the blood were reduced by 16.00%, and lactate dehydrogenase activity and urea
nitrogen contents basically returned to the normal level. Meanwhile, the malondialdehyde
contents were reduced by 31.24%, and superoxide dismutase activity and glutathione
contents were increased by 1.84 times and 1.72 times, respectively. In addition, the glycogen
contents of the body were restored, and the muscle glycogen and liver glycogen were
increased by 1.81 and 5.81 times, respectively. Analysis of intestinal microbial flora diversity
in mice showed that the highest relative abundance was Lactobacillus, and the FCH group
could recover and even increase its relative abundance. Lactobacillus was significantly
positively correlated with muscle glycogen and SOD. Conclusions: FCH can alleviate
fatigue by regulating fatigue-related indicators and improving the intestinal microbial flora
of the organism.

Keywords: corn protein hydrolysate; anti-fatigue; fermentation; gut microbiota; lactic
acid bacteria

1. Introduction

The accelerating pace of modern life results in increased pressure and fatigue has
become a common problem. Fatigue is a sub-health state, mainly due to physical or
mental labor caused by increased energy consumption of various organs, resulting in a
temporary decline in working ability and physical function [1,2]. Individuals who feel tired
often manifest reduced exercise ability and work efficiency, and long-term fatigue often
increases the incidence of various diseases, such as multiple sclerosis, Parkinson’s disease,
depression, etc., which seriously affects normal work and life [3,4].

At present, the methods for relieving fatigue mainly include sleep, tobacco, dietary
supplements, etc. [5-7]. Dietary supplements can restore normal physical functions by
ingesting nutrients needed by the body. According to reports, consuming foods rich in
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polysaccharides, proteins, and peptides can effectively alleviate fatigue [8]. Wang et al.
reported that the polypeptides extracted from sea cucumbers have good anti-fatigue func-
tion [9]. The high doses of sea cucumber peptides can prolong the exhaustive swimming
time and forelimb grip strength of mice. Qiao et al. showed that the polysaccharides ex-
tracted from Ribes stenocarpum Maxim have strong anti-fatigue activity and can significantly
increase the liver glycogen and muscle glycogen contents of mice [10]. Lu et al. found that
fish protein hydrolysates can prolong the swimming time of mice, reduce the accumulation
of lactic acid in the blood, and have a certain anti-fatigue function [11]. The above results
clearly show that food supplementation is an effective means to relieve fatigue. Searching
for foods that are inexpensive, abundant, contain anti-fatigue functional ingredients, and
capable of being processed for enhancing contents of functional ingredients will become
the main development direction of functional foods in the future.

Corn gluten meal is a byproduct of corn starch processing, with a protein content of
over 60% and high hydrophobicity. It is commonly used as a raw material for animal feed.
Corn gluten meal is limited in its application in food due to its lack of essential lysine and
tryptophan for the human body [12]. By modifying corn gluten meal, not only can the
amino acid composition of corn gluten meal be reshaped, but its physiological functions can
also be improved, such as antioxidant activity, blood pressure-lowering effects, liver pro-
tection, and promotion of alcohol metabolism [13,14]. However, the modified corn gluten
meal (corn protein hydrolysate, CPH) has a higher content of bitter peptides, resulting in
a poorer flavor of the CPH [15]. Reprocessing CPH through fermentation can effectively
improve its unpleasant flavor and further reduce its molecular weight, endowing it with
stronger functionality and antioxidant properties [16]. Cui et al. used Bacillus, Lactobacil-
lus, and Hansenula strains to co-ferment soybeans and studied the nutritional properties
and anti-fatigue ability of the products and found that the contents of polypeptides, total
phenols, and total flavonoids were significantly increased after fermentation, and its antiox-
idant activity was enhanced [17]. Moreover, fermented soybean products could increase
the contents of liver glycogen in mice, alleviate the liver damage caused by exercise, and
show a good anti-fatigue function [18]. Fang et al. studied the effects of soy protein hy-
drolysate fermented by Lactobacillus acidophilus on the anti-fatigue of mice and showed that
the weight-bearing swimming time of the experimental group was significantly increased,
indicating that the fermented soy protein hydrolysate had an anti-fatigue function [19].
Zhang et al. used lactic acid bacteria to ferment wheat protein hydrolysate and showed
that it could increase the contents of liver glycogen and muscle glycogen in mice, prolong
the exhaustive swimming time, and had an anti-fatigue ability [20]. These results show that
plant-derived polypeptides have a good effect on relieving fatigue. In addition, lactic acid
bacteria fermentation is also a good modification method for plant-derived polypeptides.
At present, there are few reports on the potential anti-fatigue properties of FCH.

Numerous studies have shown that peptides have a certain positive impact on the
body’s anti-fatigue function. This study evaluated the anti-fatigue effect of FCH in mice.
The anti-fatigue level of FCH was evaluated by measuring physiological and biochemical
indexes in mouse serum, liver, and skeletal muscle. Finally, the relationship between
FCH, intestinal flora, and fatigue was explored through the analysis of intestinal microbial
diversity in mice, and the anti-fatigue mechanism of FCH was further analyzed. The
objective of the current work is to provide a theoretical basis for the functional study
of FCH.

2. Materials and Methods
2.1. Subsection
The preparation method of FCH was according to Cong et al. [21].
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CPHs were prepared by enzymatic hydrolysis of corn protein meal by a two-enzyme
method. The CPH was dissolved in deionized water (substrate concentration 20%, w/v)
and sterilized (121 °C, 30 min). The fermentation conditions of FCH were as follows: the
3:1 ratio of Lactobacillus rhamnosus and Lactobacillus fermentosa for inoculation (4% with
the viable count of lactic acid bacteria of about 10° CFU/mL, v/v), CPH concentration of
20.50%, the addition of 5% fructose syrup (v/v), and the fermentation at 39 °C for 24 h.

2.2. Experimental Animal Design

Ninety-six healthy male ICRs (18-22 g, 4-week-old, Institute of Cancer Research)
were purchased from Changchun Yisi Experimental Animal Research Center (Changchun,
China) (permit number: SCXK (yue) 2023-0017). The animal experiment was approved on
21 March 2023 by the Animal Ethics Committee of the College of Food and Bioengineering,
Qigihar University (Approval No. 2023-005). The conditions of temperature and humidity
were 25 + 1 °C and 55 & 5%, respectively. The mice were fed with free access to water
and food.

The mice were randomly divided into 6 groups according to their body weight, with
16 mice per group. After adapting to the environment for one week, the mice swimming
screening experiment was carried out, and the mice that could not swim or had uncoordi-
nated swimming postures were excluded. Ten mice were selected in each group for the
follow-up experiment. The 6 groups were the blank control group (BCG, normal saline),
fatigue model group (FMG, normal saline), positive control group (CPH-M, 250 mg/kg-bw
of CPH), low-dose group (FCH-L, 125 mg/kg-bw of FCH), medium-dose group (FCH-M,
250 mg/kg-bw of FCH), and high-dose group (FCH-H, 500 mg/kg-bw of FCH), of which
the FMG group did not participate in the determination of exercise endurance. The ex-
periment lasted 28 days, and the initial weight of the mice was recorded. Weight was
weighed once a day before feeding. After intragastric administration and resting for 30 min,
swimming training was performed. The first week of swimming training was 20 min, and
after that, it was increased by 5 min per week.

2.3. Determination of Weight-Bearing Swimming Time and Running Time

After 30 min of intragastric administration on the 26th day, the tails of the mice were
wound with a lead block (10% of body weight). Then, the mice were forced to swim in a
water pool (25 & 1 cm, 25 £ 1 °C). Weight-bearing swimming time was recorded when the
head of the mice under the water was more than 8 s.

After 30 min of intragastric administration on the 27th day, the mice in each experi-
mental group were placed on the rotating rod in turn, and the rotating speed was slowly
adjusted to 15 r/min. The first three times were pre-experiments, and the timing starts
from the fourth time. Running time was recorded when the mice fell from the rod due to
muscle fatigue. If the mice did not fall from the rotating rod within 30 min, the running
time was recorded as 30 min.

2.4. Determination of Anti-Fatigue Relevant Physiological and Biochemical Indexes in Mice

After 30 min of the last intragastric administration, the mice (excluding the BCG
group) without load were forced to swim in a water pool (30 & 1 °C) for 30 min. Then, the
mice were removed and wiped dry. After resting for 20 min, blood samples were collected
from the orbital sinuses of mice, and skeletal muscles and internal organs such as liver were
obtained by autopsy. The organ index was calculated according to the following formula.

Organ index (%) = organ mass (g)/mouse body weight (g) x 100%
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The blood samples were placed at 4 °C overnight, centrifuged at 3000 x g for 10 min,
and the supernatant was serum. The liver and skeletal muscle were prepared into 10% liver
homogenate and skeletal muscle homogenate with pre-cooled normal saline, centrifuged at
3000 % g for 10 min. The concentrations of serum urea nitrogen (BUN), serum lactate (LA),
serum lactate dehydrogenase (LDH), liver superoxide dismutase (SOD), liver glutathione
(GSH), liver malondialdehyde (MDA), liver glycogen (LG), and muscle glycogen (MG)
were determined using an assay kit (Jianglai Biotechnology Co., Ltd., Shanghai, China).

2.5. Detection of Intestinal Microbial Flora in Mice

The cecum samples were collected, 2 g per mice. The cecum samples were frozen
in liquid nitrogen and then sent to Meiji Biomedical Technology Co., Ltd. (Shanghai,
China). To determine the microbial diversity of mice cecum bacteria contents, the sam-
ple DNA was extracted using the TruSeqTM DNA Sample Prep Kit. After confirming
purity, the V3-V4 region of the 16 S rDNA gene was amplified from DNA samples us-
ing the primer pair 338 F/806 R (338 F: 5'-ACTCCTACGGGAGGCAGCAG-3, 806 R:
5'-GGACTACHVGGGTWTCTAAT-3'). The Illumina MiSeq platform was selected for
sequencing, and the analysis method was the same as Hu et al. [22].

2.6. Data Analysis

The above tests were repeated at least three times, and the test results were expressed
as mean + standard deviation. Origin 2022 software was used to analyze the data and draw
charts. SPSS Statistics 20.0 (IBM, Armonk, NY, USA) was used for significance analysis. The
heatmap was visualized by TBtools V 2.01 (2023). Principal coordinates analysis (PCoA),
statistical analysis, and mapping were performed with R language (version 3.3.1). Statistical
analysis of different groups was performed using one-way analysis of variance (ANOVA)
and Dunnett’s multiple comparison tests. Statistical significance was set at * p < 0.05 or
**p<0.01.

3. Results
3.1. Effects of FCH on the Body Weight Change and Organ Index

Body weight change and organ index can reflect whether the administration of CPH
and FCH has an impact on the health of mice. The weight of the six experimental groups
of mice showed a steady upward trend during the test schedule (Figure 1A). During the
4 weeks of the experiment, the weight of the mice in each group increased by an average
of 11.58 g. At the end of the experiment, the weight of the mice in each group reached
40.42-42.81 g. There were no significant differences between the experimental groups and
the BCG group (p > 0.05), and the trend of weight gain was consistent. There were no
significant differences between the spleen, kidney, and liver indexes of the mice in each
group (p > 0.05) (Figure 1B). In the thymus index, the FCH-H group was significantly higher
than the CPH-M group and the FCH-M group (p < 0.05), and no significant differences
with other groups (p > 0.05) were observed. In the heart index, the FCH-M group was
significantly higher than the FMG group (p < 0.05), and no significant differences with
other groups (p > 0.05) were observed. In addition, no significant abnormalities and death
were observed in the mice during the experiment. The above results show that each dose
group of the FCH and the CPH had no apparent effect on the health of the mice.

3.2. Effect of FCH on Exercise Endurance

The test of weight-bearing swimming and running time in mice is one of the main
indicators to study the anti-fatigue effect (Figure 2A). With increased FCH dose, the weight-
bearing swimming time and running time of mice showed a steady upward trend. In the
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mouse weight-bearing swimming test, the final weight-bearing swimming time of the BCG
group could reach 46.36 s after swimming training within the test schedule. The CPH-M
group, the FCH-L group, and the FCH-M group showed no significant differences from the
BCG group (p > 0.05). With further increase in the concentration of FCH, the weight-bearing
swimming time of mice in the FCH-H group was significantly improved (p < 0.05), reaching
1.96 times that of the BCG group. The same results were obtained in the mouse rotarod
test. The running time for the BCG group was 4.78 min. Compared with the BCG group,
the running times for the CPH-M group, the FCH-L group, and the FCH-M group were
slightly improved, but there were no significant differences (p > 0.05). The FCH-H group
showed improved running time, reaching 3.63 times that of the BCG group (p < 0.05). It is
concluded that FCH can effectively improve the weight-bearing swimming and running
time of mice within a certain concentration range.

A 50 - B ST
4 [l Bca
- 2y L] FMG
2 2 A a TEIT " [ ] rFcH-L
40t b eFboa FF Bl 4t :
# e B [TE [ ‘ m [ ] FCH-M
5 . et I \ ﬂ ] FCH-H
- & DEG o = il [ ] CPH-M
230 b m .51 |
27 [T 5
- =
Z £
[=] (=]
O <
o 20 b2 #
3 © ‘
=
10 1+
abpab? ab #
B AUMW;BA B T ~
0 Il Il L J 0 L [ |FF|T|—FITIT|\ 1 1
I 2 3 4 & & & & &
Duration of the experiment (week) & \%\‘\ \;\0 @\‘“ 6\‘\\
o N & o &

Figure 1. The effect of FCH on mice body weight and organ index. (A) The effect of FCH intervention
on the body weight of mice. (B) The effect of FCH intervention on the organ index of mice. Data
are shown as the mean + SD (n = 6). Different large and lowercase letters in the figure indicate
the significant difference between the groups (p < 0.05), and # indicates that there is no significant
difference within the group (p > 0.05). BCG: blank control group; FMG: fatigue model group; CPH-M:
medium dose group of CPH; FCH-L: low-dose group of FCH; FCH-M: medium-dose group of FCH;
FCH-H: high-dose group of FCH.
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Figure 2. The effect of FCH on weight-bearing swimming and running time. (A) Mouse weight-
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bearing swimming and running time. (B) Mouse rotarod test process. Data are shown as the
mean =+ SD (n = 6). Different large and lowercase letters in the figure indicate significant differences
between groups (p < 0.05). BCG: blank control group; CPH-M: medium-dose group of CPH; FCH-L:
low-dose group of FCH; FCH-M: medium-dose group of FCH; FCH-H: high-dose group of FCH.
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3.3. Effects of FCH on Anti-Fatigue Relevant Physiological and Biochemical Indexes in Mice
3.3.1. Effect of FCH on Serum BUN, LA, and LDH Levels

The contents of BUN, LA, and LDH in mice are shown in Figure 3. The BUN contents
of the BCG group were 4.46 £ 1.09 mmol/L, and the FMG group was 1.98 times that of the
BCG group (p < 0.05). The BUN contents of the CPH-M group and the FCH groups were
between the BCG group and the FMG group, at the level of 5.39-6.09 mmol/L. There was
no significant difference between the other groups and the BCG group except for the FCH-L
group (p < 0.05). The LA contents showed a similar trend to the BUN contents. The LA
content of the FMG group was 8.06 &= 0.35 mmol/L, and the BCG group was 72.21% of the
FMG group (p < 0.05). Compared with the FMG group, with increased FCH concentration,
the LA content decreased significantly (p < 0.05). The LA content of the FCH-H group was
6.77 £ 0.13 mmol/L, which was 84.00% of the FMG group. The LA content of the CPH-M
group was similar to the FCH-M group (p > 0.05). The LDH activity of the FMG group was
22.83 £ 3.34 ng/mL, and the BCG group was 61.54% of the FMG group (p < 0.05). With
increased FCH concentrations, the LDH activities of FCH groups decreased significantly
(p < 0.05), which were 81.52%, 71.66%, and 63.60%, respectively. The LDH activity of the
FCH-H group was close to the BCG group (p > 0.05), and the CPH-M and FCH-M groups
was similar (p > 0.05). Thus, FCH and CPH can effectively reduce the levels of BUN, LA,
and LDH in the mice within a certain concentration range.
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Figure 3. The effect of FCH on BUN, LA, and LDH. Data are shown as the mean + SD (n = 6).
Different large and lowercase letters in the figure indicate significant differences between groups
(p < 0.05). BUN: urea nitrogen; LA: lactate; LDH: lactic dehydrogenase; BCG: blank control group;
FMG: fatigue model group; CPH-M: medium dose group of CPH; FCH-L: low-dose group of FCH;
FCH-M: medium-dose group of FCH; FCH-H: high-dose group of FCH.

3.3.2. Effects of FCH on MG and LG

The contents of MG and LG in mice were shown in Figure 4. The MG content of
the FMG group was 0.117 & 0.002 mg/g, the BCG group was 1.29 times that of the FMG
group (p < 0.05), and the MG content for the CPH-M group was between the FMG group
and the BCG group (p < 0.05). With increased FCH concentrations, the MG contents of
the FCH groups increased significantly, which were 1.36 times, 1.68 times, and 1.81 times
that of the FMG group, respectively (p < 0.05). The LG content of the FMG group was
0.32 £+ 0.005 mg/g, and the BCG group was 2.88 times that of the FMG group (p < 0.05).
With increased FCH concentrations, the LG content of the FCH groups increased signifi-
cantly, which was 2.03 times, 3.72 times, and 6.81 times that of the FMG group, respectively
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(p < 0.05). The LG contents of the CPH-M group was between the FMG group and the
FMG-M group (p < 0.05). It is concluded that FCH and CPH can effectively increase the
contents of MG and LG in mice within a certain concentration range, and the effect of FCH
was significantly better than that of CPH.
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Figure 4. The effect of FCH on MG and LG. Data are shown as the mean + SD (1 = 6). Different large
and lowercase letters in the figure indicate significant differences between groups (p < 0.05). MG:
muscle glycogen; LG: liver glycogen; BCG: blank control group; FMG: fatigue model group; CPH-M:
medium dose group of CPH; FCH-L: low-dose group of FCH; FCH-M: medium-dose group of FCH;
FCH-H: high-dose group of FCH.

3.3.3. Effects of FCH on Liver SOD, MDA, and GSH

The SOD activity and GSH contents of mice were shown in Figure 5A. The SOD
activity test revealed that the SOD activity of the FMG group was 192.02 + 15.6 U/mL,
and the BCG group was 1.38 times that of the FMG group (p < 0.05). With increased FCH
concentrations, the SOD activities of FCH groups were significantly increased, which were
1.55 times, 1.60 times, and 1.84 times that of the FMG group, respectively (p < 0.05). The
GSH content of the FMG group was 3.05 £ 0.16 mg/mL, and the BCG group was 1.82 times
that of the FMG group (p < 0.05). Compared with the FMG group, the GSH content of
the FCH-M group and the FCH-H group was increased by 1.63 times and 1.72 times,
respectively (p < 0.05), and the FCH-H group was close to the BCG group (p > 0.05). The
GSH content of the CPH-M group was at the intermediate level of the FCH-L group and
the FCH-M group (p < 0.05).

The MDA content of mice was shown in Figure 5B. The MDA content of FMG group
was 27.18 £ 0.9 mmol/mL, and the BCG group was 64.61% of the FMG group (p < 0.05).
Compared with the FMG group, MDA contents of the FCH-M group and FCH-H group
were significantly reduced, being 78.66% and 68.76% of the FMG group, respectively
(p < 0.05), and the FCH-H group was similar to the BCG group (p > 0.05). These results
indicate that FCH and CPH could effectively increase SOD activity, as well as the MDA
and GSH contents of mice within a certain concentration range, and the effect of FCH on
GSH contents was better than CPH.
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Figure 5. The effects of FCH on SOD, GSH, and MDA. (A) SOD and GSH contents in mouse liver.
(B) MDA content in mouse liver. Data are shown as the mean + SD (n = 6). Different large and

lowercase letters in the figure indicate significant differences between groups (p < 0.05). MDA:
Malondialdehyde; SOD: Superoxide dismutase; GSH: Glutathione; BCG: blank control group; FMG:
fatigue model group; CPH-M: medium dose group of CPH; FCH-L: low-dose group of FCH; FCH-M:
medium-dose group of FCH; FCH-H: high-dose group of FCH.

3.4. Effects of FCH on Intestinal Microbial Flora

3.4.1. Bacterial Alpha Diversity Analysis of Intestinal Microbial Flora in Mice

The Shannon index and Simpson index were used to compare the species diversity of

mice intestinal bacteria (Figure 6A). The Shannon index and Simpson index of the 6 groups
ranged from 4.18 to 4.72 and 0.025 to 0.054, respectively, and there was no significant
difference (p > 0.05). The ACE index and Chao 1 index were used to evaluate the species
richness (Figure 6B). The ACE index of the 6 groups ranged from 653.26 to 740 and for the
Chao 1 index ranged from 654.62 to 732, with no significant difference (p > 0.05). It can be
concluded that FCH and CPH had no significant effect on changes in the bacterial diversity
and abundance of mice intestinal microbial flora.
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Figure 6. Alpha diversity index of mice intestinal microbial flora. (A) Shannon and Simpson index;
(B) ACE and Chao 1 index. Data are shown as the mean + SD (n = 6). Different large and lowercase
letters in the figure indicate significant differences between groups (p < 0.05). BCG: blank control

group; FMG: fatigue model group; CPH-M: medium dose group of CPH; FCH-L: low-dose group of

FCH; FCH-M: medium-dose group of FCH; FCH-H: high-dose group of FCH.

3.4.2. Bacterial Beta Diversity Analysis of Intestinal Microbial Flora

The B-diversity (intergroup diversity) of intestinal microbial flora in mice was an-
alyzed by the PCoA method. The distance between the sample points represented the
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similarity of the microbial communities in the samples, and the closer the distance, the
higher the similarity (Figure 7). Under the influence of PC1 and PC2, the six groups formed
completely different taxonomic clusters. It is evident that exercise fatigue, FCH, and CPH
had a greater impact on the structure of the intestinal microbial flora in mice. There was
a certain intersection between the BCG group and the FMG group in Figure 7, indicating
that there were certain individual differences in the microbial diversity of the intestinal
microbial flora in mice. However, FCH groups had basically no intersection with the FMG
group, and the FCH-L and FCH-M groups are more tended to than the BCG group. The
FCH-H group had no intersection with the BCG group and the FMG group, but it was
more tended to than the BCG group. The results showed that a certain concentration of
FCH could effectively regulate the intestinal microbiota of mice to achieve a normal state.
The intersection between the CPH group and the FMG group was very small, indicating
that a certain concentration of CPH can also improve the poor state of intestinal microbiota

caused by fatigue.
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Figure 7. Beta diversity index of intestinal microbial flora. BCG: blank control group; FMG: fatigue
model group; CPH-M: medium dose group of CPH; FCH-L: low-dose group of FCH; FCH-M:
medium-dose group of FCH; FCH-H: high-dose group of FCH.

3.4.3. Classification and Analysis of Intestinal Microbial Flora

Figure 8 shows the phylum- and genus-level bacterial community structure of the
intestinal microbial flora in mice.

The relative abundance of Firmicutes was 62.49%, ranking first in phylum-level rela-
tive abundance (Figure 8A). The relative abundance of Firmicutes in the BCG group and the
FMG group was 62.49% and 45.70%, respectively. The relative abundances of Firmicutes in
the CPH-M group and the FCH groups were 64.82%, 63.58%, 66.31%, and 69.63%, respec-
tively, which were higher than the BCG group and the FMG group. The relative abundance
of Bacteroides was 40.11%, ranking second. The relative abundance of Bacteroides in the
BCG group was 27.62% and in the FMG group was 40.11%. The relative abundance of
Bacteroidetes in the CPH-M group and the FCH groups were 21.60%, 31.18%, 21.47%, and
17.75%, respectively, which were lower than the FMG group and closer to the BCG group.
The third-highest relative abundance belonged to Actinomycetes, with a relative abundance
of 9.06%. The relative abundance of Actinomycetes in the BCG group was 2.16%, while
for the FMG group it was 9.06%. The relative abundances of Actinomycetes in the CPH-M
group and the FCH groups were 8.90%, 2.60%, 5.55% and 5.57%, respectively, in between
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the FMG group and the BCG group. The relative abundance of the rest of the bacterial
population was less than 5%, and the relative effect was small.
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Figure 8. The phylum- (A) and genus- (B) level bacterial community structure of the intestinal
microbial flora. BCG: blank control group; FMG: fatigue model group; CPH-M: medium dose group
of CPH; FCH-L: low-dose group of FCH; FCH-M: medium-dose group of FCH; FCH-H: high-dose
group of FCH.

The relative abundance of Lactobacillus was the highest in genus-level relative abun-
dance (Figure 8B). The BCG group was 18.41% and the FMG group was only 9.19%. The
CPH-M group and the FCH groups were 21.42%, 15.42%, 26.77%, and 33.78%, respectively,
which were higher than the BCG group and the FMG group. The second highest relative
abundance was Muribaculaceae, and the relative abundance of the BCG group and the FMG
group was similar, with 20.32% and 24.18%, respectively. The CPH-M group and the FCH
groups were 14.43%, 30.12%, 17.57%, and 14.88%, respectively. The third-highest relative
abundance belonged to the Lachnospiraceae_ NK4A136_group, and the BCG and FMG groups
was still similar, with 11.60% and 12.31%, respectively. The CPH-M group was 12.94%,
which was close to the BCG group and the FMG group. The FCH groups were lower
than the BCG group and the FMG group, with 5.13%, 5.60%, and 5.38%, respectively. The
relative abundance of unclassified_f_Lachnospiraceae in the BCG group and the FMG group
was similar, being 6.66% and 7.58%, respectively. The CPH-M group, the FCH-M group,
and the FCH-H group were closer to the BCG group and the FMG group, with 6.20%,
7.65%, and 5.10%, respectively. The FCH-L group was 3.83%, which was slightly lower
than other groups. The relative abundance of the remaining bacteria was less than 5%.

3.4.4. Correlation Analysis Between Intestinal Microbial Flora and Fatigue-Related
Biochemical Indexes

The change in intestinal microbial flora in mice may be related to fatigue status. By an-
alyzing the relationship between intestinal microbial flora and fatigue indexes in mice, the
correlation between intestinal microbial flora and fatigue in mice was revealed (Figure 9).
Lactobacillus was significantly positively correlated with MG and SOD, Desulfovibrio was
significantly positively correlated with SOD (p < 0.05), and Desulfovibrio was highly signif-
icant positive correlated with MG (p < 0.01). However, Muribaculaceae was significantly
negatively correlated with SOD (p < 0.05) and highly significantly negatively correlated
with MG content (p < 0.01).
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Figure 9. Correlation clustering heat map between intestinal microbial flora and fatigue indexes.
* Indicates significant difference (p < 0.05), ** Indicates extremely significant difference (p < 0.01).
BUN: urea nitrogen; LDH: lactate dehydrogenase; LA: lactate; MDA: malondialdehyde; MG: muscle
glycogen; SOD: superoxide dismutase; LG: liver glycogen; GSH: glutathione.

4. Discussion

The purpose of this study was to explore the anti-fatigue effect of FCH. The reduction
in exercise endurance is the most intuitive manifestation of organism fatigue [23]. This
study first tested the ability of mice to weight-bearing swimming and running. From the
perspective of exercise performance, feeding FCH and CPH could significantly prolong
the time of weight-bearing swimming and running of mice. Among them, the FCH-H
group was extended by 44.58 s and 12.57 min, respectively. FCH and CPH were shown
to have apparent anti-fatigue effects at a certain concentration. Fang et al. reported that
mice fed with fermented soybean protein peptides showed an increase of 35.78% for the
weight-bearing swimming time [19]. Zhang et al. reported the doubling of the running
time of mice after 4 weeks of administration of the peptide isolated from Hippocampus
abdominalis [24]. The above results are consistent with the findings of this study, showing
that the peptides can relieve exercise fatigue within a certain concentration, and the effect of
lower molecular weight peptides is more obvious. Compared with CPH, FCH contains large
number of functional short peptides with lower molecular weight, which can participate in
regulating sugar metabolism, reducing protein consumption in muscles, thereby reducing
urea production and achieving an anti-fatigue effect [25,26].

When the organism does not acquire energy replenishment in time after intense
exercise, proteins will decompose to form blood urea nitrogen, while it will also accelerate
the glycolysis process to produce a large amount of LA, which increases the concentration
of LA or H+ in the muscles and causes muscle fatigue [27,28]. This study found that feeding
a certain concentration of FCH by gavage can reduce the levels of BUN and LA in mice,
indicating that long-term intake of a certain concentration of FCH can effectively relieve
organism fatigue. Wang et al. reported that gavage mice with mackerel peptides for 4 weeks
reduced the levels of BUN and LA by 0.88 mmol/L and 180.86 ug/L, respectively [29].
Yin et al. showed that gavage mice with the Young Yum Pill for 3 weeks, the BUN and
LA contents were reduced by 29% and 50%, respectively [30]. Compared with mackerel
peptides and the Young Yum Pill, FCH can increase the glycogen reserve of mice and reduce
the catabolism of proteins in mice, thereby achieving a better anti-fatigue effect [31]. The
two forms of glycogen reserve in the organism are LG and MG, and the storage of energy
determines the tolerance of exercise. When the organism has insufficient blood sugar
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during intense exercise, it needs to consume reserve glycogen to maintain blood sugar
levels to meet the needs of the organism [32]. FCH can significantly increase the organism’s
glycogen reserves. The contents of MG and LG in the FCH groups were significantly
higher than the FMG group, and significantly higher than the BCG group at a certain
concentration. Meanwhile, the increase in LG contents in mice was higher than that in the
MG contents. This may be due to the fact that the organism preferentially consumes MG
under the condition of stable blood sugar [33]. Therefore, the accumulation of LG in mice
was higher than that of MG, similar to the results of Feng et al. and Lu et al. [33,34].

Strenuous exercise or muscle injury can cause LDH in skeletal muscle to penetrate
into the blood, and LDH can catalyze the conversion of pyruvate to LA, reducing exercise
tolerance [10]. This study showed that the FCH groups and the CPH group can significantly
reduce the LDH activity in the blood, of which the FCH-H group has approached the level
of the BCG group. Chen et al. showed that mice fed with spirulina peptides for 4 weeks
had a 53.5% decrease in LDH activities [35]. Liu et al. reported that mice fed with peanut
oligopeptides for 30 days had a 50% decrease in LDH activities [36]. By contrast, FCH
can reduce the level of LDH in the blood more effectively. This may be related to the
higher contents of branched-chain amino acids and phenylalanine in FCH [37]. It has
been reported that branched-chain amino acids in CPH can promote the synthesis of
skeletal muscle protein, repair skeletal muscle damage, and reduce LDH exudation, while
hydrophobic amino acid residues such as Ala and Leu contained in CPH have the effect
of scavenging free radicals and preventing lipid oxidation [38]. After strenuous exercise,
the organism produces large number of free radicals, triggers lipid peroxidation, increases
MDA contents, changes the permeability of cell membranes and, thus, leading to fatigue. In
this study, FCH can effectively reduce MDA contents, and there is no significant difference
between the FCH-H group and the BCG group. Zhong et al. showed that mice fed with
soft-shelled turtle peptides for 30 days resulted in a 40.4% decrease in MDA contents [39].
Ye et al. reported that mice fed with sea cucumber peptides for 4 weeks had a 50% reduction
in MDA [40]. The effect of FCH on MDA content reduction is better than that of soft-shelled
turtle peptides and sea cucumber peptides. This may be due to the stronger antioxidant
activity of CPH contributed by lactic acid bacteria fermentation, which accelerates the
scavenging of superoxide free radicals in the organism, antagonizes the reactive oxygen
clusters continuously generated by skeletal muscles during strong contraction, and reduces
the loss of superoxide dismutase or due to the increase in SOD enzyme activity and GSH
contents, resulting in the increase in the organism’s antioxidant activity and reducing the
free radicals produced by strenuous exercise [41-45]. The results reported in this study are
consistent with the previous findings cited above.

The intestinal microbial flora of mice was further measured to explore the relationship
between FCH and fatigue in mice. Although there was no significant difference in the
alpha diversity of the six groups (p > 0.05). However, the beta diversity showed that FCH
and CPH could effectively regulate the intestinal microbiota of mice to keep in a normal
state (Figure 7). Among the intestinal microbial flora of mice, the relative abundances of
Firmicutes (45.70-69.63%) and Bacteroides (17.75-40.11%) were the highest. The abundance
of Firmicutes in the FMG group was lower than the BCG group, and the abundance of
Bacteroides was higher than the BCG group. By feeding a certain concentration of FCH, the
relative abundance of Firmicutes in the intestinal tract of mice increased significantly, and
the relative abundance of Bacteroidetes gradually decreased. Firmicutes mainly include a
variety of beneficial bacteria, while Bacteroidetes are closely related to metabolic diseases in
the organism [46]. In this study, the ratio of Firmicutes to Bacteroidetes in the FCH-H group
was closer to the BCG group. It is concluded that FCH can achieve the purpose of anti-
fatigue by regulating the homeostasis of the level of intestinal flora in mice. At the genus
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level, the relative abundance of Lactobacillus (9.19-33.78%) was the highest. The abundance
of Lactobacillus in the BCG group was significantly higher than the FMG group. By feeding
FCH, the relative abundance of Lactobacillus in the intestines of mice was significantly
increased, the FCH groups were higher than the FMG group. Fang et al. also obtained
similar results in the fatigue intervention experiment of fermented soy protein peptide in
mice. Fermented products of Lactobacillus can improve the intestinal flora, increase the
abundance of probiotics in the intestines of tired mice, and, thus, affect system metabolism
by changing the host metabolome, so as to improve the organism’s metabolic capacity and
anti-fatigue ability [17,19,47,48]. The increase in Lactobacillus contents in the intestines can
significantly increase the contents of short fatty acids, activate peroxisome proliferators and
receptor gamma coactivator 1oe (PGC-1w), increase the production of ATP, provide energy
for exercise, and improve exercise endurance performance [48]. In the correlation analysis,
it was also found that Lactobacillus was significantly positively correlated with MG. It has
been reported that Lactobacillus can affect the composition of intestinal microorganisms,
regulate the genes related to glycogen synthesis in tissues (GSK-3(3 and Akt), and, thereby,
affect the glycogen contents of the organism [49].

In conclusion, long-term intake of a certain concentration of FCH can effectively relieve
organism fatigue. FCH can play an anti-fatigue effect by regulating the intestinal microbial
flora of mice, and the anti-fatigue effect of FCH is better than that of CPH.

5. Conclusions

Long-term ingestion of a certain amount of peptide can effectively relieve fatigue
caused by exercise. However, due to the different molecular weights of various peptides,
there are also obvious differences in the effects on fatigue. This study aimed to reveal the
effect of FCH on organism fatigue and explore the relationship between intestinal microor-
ganisms and fatigue-related indicators. From the perspective of the exercise state of mice,
ingesting FCH for 4 weeks could effectively improve the exercise endurance of mice as
confirmed in the weight-bearing swimming and rotarod test of mice. In the determination
of biochemical indicators, it was found that FCH could effectively reduce the contents of LA
and LDH in the blood and restore the content of BUN to normal levels. Moreover, the activ-
ities of SOD and GSH were increased to varying degrees, and the contents of MDA were
reduced significantly, while the glycogen reserve of the organism was restored. MG and LG
were increased to varying degrees, and most experimental groups had exceeded the level of
the BCG group. The results showed that both FCH and CPH had certain anti-fatigue effects.
For the same dose, the effect of FCH was better than CPH. In the analysis of intestinal
microorganisms in mice, Lactobacillus was the most abundant relative bacteria, followed by
norank_f_Muribaculaceae. Different concentrations of FCH could restore or even increase the
relative abundance of Lactobacillus and reduce the abundance of norank_f_Muribaculaceae. In
the association analysis, Lactobacillus was significantly positively correlated with MG and
SOD, while norank_f_Muribaculaceae was significantly negatively correlated with SOD and
was significantly negatively correlated with MG. Fatigue of the organism may be related to
the ratio of Lactobacillus and norank_f_Muribaculaceae, but the specific mechanism involved
needs to be revealed by further experiments.
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Abbreviations

The following abbreviations are used in this manuscript:

FCH Lactic acid bacteria-fermented corn protein hydrolysate
CPH Corn protein hydrolysates
BCG Blank control group

FMG Fatigue model group
CPH-M  Medium dose group of CPH
FCH-L  Low-dose group of FCH
FCH-M  Medium dose group of FCH
FCH-H High dose group of FCH
BUN Urea nitrogen

LA Lactate

LDH Lactic dehydrogenase

MG Muscle glycogen

LG Liver glycogen

MDA Malondialdehyde
SOD Superoxide dismutase

GSH Glutathione
PCoA Principal coordinates analysis

ACE Abundance-based coverage estimator
ICR Institute of cancer research
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Abstract: Background: Consumption of flavonoid-rich orange juice has been shown to reduce adiposity
and liver steatosis in murine models of diet-induced obesity. However, little is known about the effects
of whole orange intake, independent of body weight changes, on liver function and steatosis in
individuals with metabolic dysfunction-associated steatotic liver disease (MASLD). The goal is to
understand the direct impact of orange consumption on metabolic health. Methods: Sixty-two men
and women aged 30-65 with MASLD (Controlled Attenuation Parameter, (CAP) > 275 dB/m) were
randomly assigned to consume either 400 g of whole oranges or non-citrus fruits daily for 4 weeks.
Baseline evaluations included medical assessments, blood tests, and body composition. Liver health
was assessed using transient elastography (FibroScan®) for steatosis and fibrosis, conducted by blinded
personnel. This clinical trial was registered at ClinicalTrials.gov (NCT05558592). Results: After 4 weeks
of orange supplementation, liver steatosis decreased in the treatment group, with 70.9% showing
steatosis compared to 100% in controls (p < 0.004), indicating a 30% reduction in liver disease prevalence.
There were no significant changes in fibrosis or plasma liver enzymes, though plasma gamma glutaril
transferase (GGT) levels decreased significantly. Body weight, waist circumference, body composition,
lipid profile, fasting glucose, insulin, and C-reactive protein levels remained unchanged. Dietary
analysis revealed no change in caloric intake, but vitamins C, A, thiamine, and riboflavin increased
in the orange group. Conclusions: Our findings suggest that phytochemical-rich foods, especially
whole fruits like oranges, may enhance liver function as an adjunct treatment for MASLD. The notable
reduction in liver steatosis prevalence occurred independently of body weight changes. Further studies
are needed to investigate the long-term effects of orange supplementation on steatosis and fibrosis
progression and to identify the specific bioactive compounds and mechanisms involved.

Keywords: MASLD; phytochemical food; CAP; steatosis; oranges
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1. Introduction

Diets enriched with flavonoids have been closely associated with the prevention and
treatment of various metabolic diseases, including obesity, dyslipidemia, insulin resistance,
hepatic steatosis, type 2 diabetes, cancer, and atherosclerosis.

Flavonoids exhibit potential health benefits due to their antioxidant, anti-inflammatory,
and hypolipidemic properties, making them promising nutraceutical agents for handling
various pathological conditions [1-3].

Flavonoids are phytochemicals found abundantly in vegetables and fruits, particularly
in citrus fruits, especially in the albedo and membranes separating orange segments [1]. Key
flavonoids include narirutin, naringenin, and tangerine, with hesperidin being the major
component. Known for their antioxidant, anti-inflammatory, and hypolipidemic properties,
flavonoids have been hypothesized to offer significant metabolic health benefits [2,4].

Moreover, in vitro, flavonoids extracted from oranges of the “Tacle” variety have
demonstrated an inhibitory action on cholesterol synthesis and biomarkers levels involved
in inflammation [5]. Under normal conditions, adipose tissue stores lipids in the form
of triglycerides, whereas during obesity, hyperlipidemia causes excessive infiltration by
macrophages in the adipose tissue and liver, resulting in the production of proinflammatory
cytokines, such as tumor necrosis factor (TNF-«), interleukin 6 (IL-6), and inducible nitric
oxide synthase (iNOS) [6,7], associated with systemic inflammation and atherogenesis [8,9].

For instance, protocatechuic acid administration for 10 weeks reduced lipogenic
enzyme expression and hepatic lipid accumulation in high-fat-diet mice [10]. Preliminary
clinical trial data suggest that 2 weeks of orange juice consumption positively affects lipid
metabolism, particularly triglyceride-specific fatty acid chains and cholesterol esters in
individuals with obesity and insulin resistance [11]. However, the interpretation of data
from these preclinical and clinical studies is often confounded by lifestyle and weight
changes among subjects randomized to consume orange juice.

Consumption of juice from anthocyanin-rich oranges for 12 weeks has demonstrated
multiple beneficial effects in murine models of diet-induced obesity, including preventing
weight gain, improving insulin sensitivity, reducing serum total cholesterol and triglyc-
erides, lowering liver enzymes, and reversing liver steatosis [12,13]. These benefits are be-
lieved to be mediated through the induction of peroxisome proliferator-activated receptor-o
(PPAR-0or) and its target gene acyl-CoA oxidase, a key enzyme involved in lipid oxidation.
However, the specific effects of orange fruit intake, independent of weight loss, on indi-
viduals with metabolic dysfunction-associated fatty liver disease (MASLD) remain largely
unknown, particularly concerning liver function, steatosis, and fibrosis as assessed by
vibration-controlled elastography (VCTE) using FibroScan®.

Recent evidence suggests that hesperidin may potentially improve non-alcoholic fatty
liver disease (NAFLD) by exerting hypoglycemic effects, promoting fatty acid 3-oxidation
through activating silent information regulator 1 (SIRT1)/ peroxisome proliferator-activated
receptor gamma coactivator 1 (PGClw), and, finally, modifying lipid profiles [14].

NAFLD, now known as metabolic dysfunction-associated fatty liver disease (MAFLD),
represents the most common cause of chronic liver disease worldwide, with a 20-30%
prevalence in Western countries [15].

MAFLD, unlike the term NAFLD, emphasizes metabolic risk and focuses on alterations
in glucose (insulin resistance) and lipid metabolism (lipotoxicity, oxidative stress, etc.) as
well as the significant role of inflammatory processes in hepatocytes [16,17].

In this scenario, the main aim of this randomized clinical trial was to investigate
the effects of 4-week consumption of “Navelina” whole oranges, independent of weight
changes, on metabolic and liver function in 62 middle-aged overweight men and women
diagnosed with MAFLD.

To isolate the independent effects of orange supplementation on metabolic and liver
function, each subject was contacted by one of the investigators at least once every week by
phone to review their medical condition and reinforce the importance of maintaining their
usual food intake and physical activity, ensuring stable body weight. We hypothesized that
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ingesting the entire fruit, including its flavonoid-rich albedo, would offer favorable effects
on liver function and steatosis, independent of weight modifications. This focus is crucial
as it aims to understand the direct impact of orange fruit consumption on metabolic health,
removing the confounding variable of weight change.

2. Materials and Methods
2.1. Orange

The “Navelina” variety oranges used in this study were biological oranges purchased
by a BioFarm from the Cosenza (Calabria Region, Italy).

The physicochemical properties, polyphenol content, and total antioxidant activity of
oranges were analyzed by the Council for Agricultural Research and Economics (CREAVE),
Turi, BA, Italy. Polyphenolic profiles were determined by high-performance liquid chro-
matography (HPLC) 1100 (Agilent Technologies, Palo Alto, CA, USA) equipped with a
diode array detector (DAD) analysis (Table 1).

Table 1. Physicochemical properties, polyphenol content, and total antioxidant activity of “Naveline”

oranges.
Physicochemical Properties of Navelina Orange
Fruit weight (g) 192.85 + 25.59
Equatorial diameter (mm) 74.83 £2.14
Fruit height (mm) 75.83 + 3.43
pH 3.46 +0.17
TA (g citric acid /L) 892 +1.14
TSS (° Brix) 9.75 + 0.57
Maturity index (TSS/TAA) 11.09 £ 1.70
Polyphenols and total antioxidant activity of Navelina orange
Total phenolic content (mg/kg flesh tissue) 1061.1 + 136.8
Total phenolic content (mg/L juice) 134.0 + 12.00
Hesperidin mg/L juice 505.7 = 51.60
DPPH (mM TE/L juice) 7.90 &+ 0.20
DPPH (mM TE/kg FW) 63.20 £ 3.70
ORAC (mM TE/kg FW) 155.40 £+ 12.10

As mean and standard deviation (M + SD).

2.2. Participants

Seventy men and women aged 30-65 years diagnosed with MAFLD were recruited
from the outpatient nutrition clinic of the National Institute of Gastroenterology “S. de
Bellis” between February 2023 and November 2023. Inclusion criteria required participants
to exhibit liver steatosis (CAP score > 275 dB/m) along with either overweight status (Body
Mass Index, BMI > 25), type 2 diabetes, and /or metabolic syndrome. All of the subjects had
had a stable weight (with fluctuations of no more than 2 percent of the body weight) for
at least two months and had been sedentary (exercising for less than one hour per week)
for at least six months before entering the study. Approval for this study was obtained
from the Human Studies Committee of the IRCCS Oncological Hospital—Giovanni Paolo
11, Bari, Italy (Approval Number #184 del 13 May 2022).

All participants provided informed consent following the principles outlined in the
Declaration of Helsinki. The CONSORT diagram illustrating participant enrollment is
depicted in Figure 1. This clinical trial was registered at ClinicalTrials.gov (NCT05558592).
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Enrollment

Follow-up Allocation

Analysis

70 Assessed for elibibility

> 8 Did not meet inclusion criteria

A4

62 Randomized

v ;

31 Randomized to Control Group 31 Randomized to Treatment Group

None discontinued intervention None discontinued intervention

31 Included in any analysis for

31 Included in any analysis for
present report

present report

Figure 1. CONSORT flow diagram.

2.3. Study Design

At baseline, all participants underwent a comprehensive medical and nutritional
assessment, including routine blood tests. Potential subjects were excluded if they had
a history of gastroesophageal disease, chronic inflammatory disease, a recent history or
evidence of malignancy, anticoagulant therapy use, or adherence to a special diet. Eligible
participants were randomly assigned to one of two groups: consuming 400 g of oranges (net
of waste) daily for 4 weeks or consuming 400 g of non-citrus fruits daily. The “Navelina”
variety oranges used in this study were sourced organically from a BioFarm in the Calabria
Region, Italy. The physicochemical properties, polyphenol content, and total antioxidant
activity of the oranges were analyzed by the Research Center for Viticulture and Enology
of Council for Agricultural Research and Economics (CREAVE) in Turi (BA), Italy. Analysis
of polyphenolic profiles was conducted using high-performance liquid chromatography
(HPLC) 1100 (Agilent Technologies, Palo Alto, CA, USA) equipped with a diode array
detector (DAD) as shown in Table 1.
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All study participants were provided with dietary guidelines, which included rec-
ommendations to restrict the intake of alcohol, caffeine, and foods rich in vitamin C
(Supplementary Table S1). A total of 62 research volunteers (17 females and 45 males)
began the intervention. Each subject was contacted by an investigator at least once a
week via phone. During these calls, the investigator reviewed the participant’s medical
condition, reinforced the importance of adhering to their usual diet and physical activity
levels, and emphasized the necessity of maintaining a stable body weight throughout the
study. This regular communication was designed to ensure that any observed effects could
be attributed specifically to orange consumption rather than changes in weight or other
lifestyle factors. All study personnel performing assessments were masked to treatment
assignment. Participants were advised to maintain their usual dietary and physical activity
habits throughout the study.

2.4. Anthropometrics and Dietary Assessment

Body weight was measured in duplicate in the morning following a 12 h fast with
the subject wearing a hospital gown and no shoes. Height and waist circumference were
measured twice using a wall-mounted stadiometer and tape measure. BMI was calculated
as weight divided by the square of height (kg/m?). Changes in body weight and body
fat mass were assessed by bioelectrical impedance analysis—BIA (BIA 101, Akern SRL,
Pontassieve, Italy). The phase angle (PhA) was calculated using the arctangent of the
extracellular water (ECW) ratio, directly derived from Rz and Xc values with Bodygram
PLUS Software v. 1.0 (Akern SRL, Pontassieve, Italy) utilizing medically validated algo-
rithms. Seven-day food diaries were used to estimate self-reported intake. Participants
received detailed instructions on how to weigh, measure, and record all food and beverages
consumed during the collection. Research dietitians reviewed the diaries with participants
and then analyzed them using MetaDIETA Professional 4.0.1 (Meteda, Rome, Italy).

2.5. Blood Analyses

Venous blood was sampled for metabolic and hormone concentrations after an overnight
fast. Samples were collected in serum and edetic acid plasma tubes, immediately cen-
trifuged to separate the plasma, aliquoted, and stored in a —80 °C freezer until use. All
serum and plasma samples were analyzed by the Core Laboratory at the National Institute
of Gastroenterology “S. de Bellis”; technicians performing assessments were masked to
treatment assignment.

2.6. Liver Fibroscan®

Non-invasive transient elastography (FibroScan®, Echo-Sens, Paris, France) was per-
formed to evaluate hepatic steatosis and fibrosis after fasting for at least 4 h. All FibroScan®
measurements were taken by highly trained technicians who were masked to treatment
assignment. Steatosis was assessed by CAP (dB/m), and liver stiffness was measured in kPa.

2.7. Statistical Analysis

All participants who provided both baseline and 4-week data were included in the
analyses. Data are presented as mean and standard deviation (M = SD) for continuous
variables at each time point and for the change between baseline and 4 weeks, while data
are presented as frequency and percentages (%) for categories. Baseline characteristics were
compared between groups with the Chi-square test employed for categorical variables
as needed, while the Wilcoxon rank was used for continuous variables. The Wilcoxon
matched-pairs signed-rank or McNemar’s test was applied for continuous or categorical
parameters to evaluate variations after and before 4 weeks of observation. To test the asso-
ciation between the independent groups, the Chi-square test was employed for categorical
variables as needed, while the Mann-Whitney test was used for continuous variables. All
statistical tests were two-tailed, and significance was accepted at p < 0.05. All analyses were
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performed using StataCorp. 2023 software, version 18 (College Station, TX, USA: StataCorp
LLC), while RStudio (“Chocolate Cosmos” Release) was used for the plots.

3. Results
3.1. Study Participants

A total of 70 participants were screened for eligibility, with 62 being randomized and
starting the intervention. All participants completed the 4-week intervention (Figure 1).

Subjects randomized to the orange supplementation group (1 = 31; age 51.8 & 10.3 years)
and the control group (n = 31; age 50.1 & 9.8 years) had similar baseline characteristics,
except for higher plasma concentrations of total cholesterol and GGT levels and lower HDL

cholesterol in the treatment group (Table 2).

Table 2. Baseline study subjects’ characteristics (1 = 62).

Parameters 1 Control Treatment p?
(n=31) (n=31)

Age (yrs) 50.06 +9.77 51.77 +10.31 0.45

Gender (M) (%) 21 (67.74) 24 (77.42) 0.393
Anthropometric parameters

Weight (kg) 91.95 +11.42 91.98 + 9.96 0.99

BMI (kg/m?) 3231 +4.14 32.07 +4.25 0.97

Neck circumference (cm) 4236 £11.17 39.61 £ 8.05 0.91
Waist circumference (cm) 108.60 + 12.83 108.32 + 12.72 0.53
Hip circumference (cm) 112.88 + 10.02 109.77 + 23.88 0.76
Whole body phA° 6.43 + 0.66 6.11 +1.76 0.99
FFM (kg) 62.45 +9.50 58.40 4+ 17.89 0.81

M (kg) 30.49 £+ 10.34 29.59 £+ 15.94 0.44

Biochemical parameters

Total cholesterol (mg/dL) 183.26 + 42.88 202.29 + 40.25 0.05
HDL cholesterol (mg%) 51.44 +10.43 47.10 + 13.15 0.05
LDL cholesterol (mg/dL) 119.18 £ 39.86 132.11 £ 37.64 0.16
Triglycerides (mg/dL) 121.45 £ 70.41 132.10 £ 53.32 0.14
Fasting glucose (mg/GI) 94.71 £9.45 101.00 £ 21.62 0.27
Fasting insulin (uWUI/mL) 1524 +7.03 16.08 £+ 8.55 0.58
HOMA-IR 3.58 +2.13 4.10 £ 2.50 0.39

AST (U/L) 23.48 +7.83 23.42 +9.93 0.70

ALT (U/L) 30.35 + 15.74 36.68 + 23.74 0.20

GGT (U/L) 29.71 +£10.78 40.48 + 23.01 0.05
Alkaline phosphatase (U/L) 69.77 £+ 21.00 67.64 £+ 19.99 0.76
CRP (mg/dL) 0.29 +0.23 0.34 £ 0.43 0.52
Ferritin (ng/mL) 191.35 £+ 95.77 241.05 + 170.98 0.48

1 As mean and standard deviation for continuous variables and as frequency and percentage (%) for categorical.
2 Wilcoxon rank-sum test (Mann-Whitney) or 3 Chi-square test where necessary. Abbreviations: BMI, body mass
index; Rz, resistance; XC, reactance; phA, phase angle; BCM, body cell mass; FEM, free fat mass; FM, fat mass;
TBW, total body water; ECW, extracellular water; CAP, controlled attenuation parameter; RBC, red blood cell;
AST, Aspartate Aminotransferase; Alanine Transaminase; ALT, Alanine Transaminase; GGT, Gamma-Glutamyl
Transferase; HDL, high-density lipoprotein; LDL, low-density lipoprotein; HOMA, homeostatic model assessment;
CRP, C-reactive protein.

The analysis of an adherence questionnaire demonstrated compliance with the recom-
mended diet. The macronutrients contained in the diet used and daily calorie consumption
are shown in Supplementary Figure S1.

3.2. Orange Supplementation Does Not Affect Body Composition or Key Cardiometabolic Markers

After 4 weeks of orange supplementation, body weight, waist circumference, and
body composition measured by BIA (fat mass and fat-free mass) did not change (Table 3).
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Table 3. Anthropometric parameters before and after intervention.

Group
Parameters ! Between-Group 2
Control Treatment
Weight (kg)
Baseline 91.95 + 11.42 91.98 +9.96
28 Days 91.03 +11.47 91.26 +9.53
Change —0.010 £ 0.017 —0.007 £ 0.021 0.43
Within-Group 3 0.30 0.26
BMI (kg/m?)
Baseline 3231 +4.14 32.07 +4.25
28 Days 31.93 +4.35 31.95 +4.28
Change —0.012 £ 0.019 —0.003 £ 0.030 0.17
Within-Group 3 0.42 0.57
Neck Circumference (cm)
Baseline 42.36 + 11.17 39.61 + 8.05
28 Days 39.78 + 3.54 39.27 + 8.04
Change —0.035 £ 0.110 —0.044 £ 0.182 0.19
Within-Group 3 0.07 0.15
Waist circumference (cm)
Baseline 108.60 £+ 12.83 108.32 £ 12.72
28 Days 107.57 £12.51 107.32 £12.13
Change —0.009 £ 0.015 —0.009 £+ 0.018 0.91
Within-Group 3 0.45 0.05
Hip circumference (cm)
Baseline 112.88 + 10.02 109.77 £+ 23.88
28 Days 112.19 £9.85 111.86 £+ 11.30
Change —0.006 £ 0.014 —0.010 £ 0.023 0.68
Within-Group 3 0.04 0.04
Whole Body phA®
Baseline 6.43 + 0.66 6.11 +1.76
28 Days 6.48 +0.75 6.32 +1.39
Change 0.009 + 0.060 0.004 + 0.069 0.56
Within-Group 3 0.56 0.85
FEM (kg)
Baseline 62.45 +9.50 58.40 4+ 17.89
28 Days 62.38 = 10.08 61.19 £15.53
Change —0.002 £ 0.042 0.013 £ 0.053 0.49
Within-Group 3 0.14 0.58
M (kg)
Baseline 30.49 +10.34 29.59 4+ 15.94
28 Days 29.37 £ 10.80 28.99 £+ 13.36
Change —0.041 £ 0.116 —0.032 £ 0.097 0.97
Within-Group 3 0.14 0.14

! As mean and standard deviation for continuous variables and as frequency and percentage (%) for categorical.
2 Wilcoxon rank-sum test (Mann-Whitney); > Wilcoxon matched-pairs signed-rank test. Abbreviations: BMI,
body mass index; Rz, resistance; XC, reactance; phA, phase angle; BCM, body cell mass; FEM, free fat mass; FM,

fat mass.

Analysis of multiple 7-day food diaries indicated no significant change in daily caloric
intake before and after the 28-day period (2026.91 &+ 230.67 vs. 2036.65 £ 242.16, respec-
tively, p = 0.15). Analysis of 7-day food diaries showed a significant increase in several key
vitamins, including vitamin C, vitamin A, thiamine, and riboflavin, in the treatment group

(Figure 2).
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Figure 2. Changes in specific nutrient intake. Split-violin plots of vitamins, thiamine (A), riboflavin (B),
vitamin A (C), and vitamin C (D) distribution between treatment time and groups.

Plasma substrates and hormones (glucose, insulin, and plasma lipids), markers of
inflammation (C-reactive protein [CRP] and ferritin), and the homeostasis model assess-
ment of insulin resistance (HOMA-IR) score did not change after orange supplementation

(Table 4).

Table 4. Metabolic parameters before and after intervention.

Parameters 1

Group

Control

Between-Group 2
Treatment

Total Cholesterol (mg/dL)
Baseline
28 Days
Change
Within-Group 3
LDL Cholesterol (mg/dL)
Baseline
28 Days
Change
Within-Group 3
HDL Cholesterol (mg/dL)
Baseline
28 Days
Change
Within-Group 3
Triglycerides (mg/dL)
Baseline
28 Days
Change
Within-Group 3

183.26 £ 42.88

186.03 £ 35.94

0.033 £ 0.134
0.85

119.18 £ 39.86

121.22 £39.23

0.046 = 0.217
0.10

51.44 +10.43

51.80 = 11.94

0.007 £ 0.101
0.20

121.45 £70.41

112.29 £70.34

—0.056 £ 0.257
0.14

202.29 +40.25

193.39 + 40.83

—0.033 £ 0.145 0.07
0.28

132.11 + 37.64

130.94 + 35.58

0.012 £ 0.160 0.69
0.47

47.10 £ 13.15

47.53 +10.74

0.034 £ 0.173 0.92
0.72

132.10 £ 53.32

123.06 £ 53.55

—0.032 £ 0.267 0.66
0.72
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Table 4. Cont.

Group
Parameters ! Between-Group 2
Control Treatment
Fasting Glucose (mg/dL)
Baseline 94.71 +9.45 101.00 £ 21.62
28 Days 95.71 £9.22 99.59 + 26.83
Change 0.012 £ 0.057 —0.018 £ 0.074 0.09
Within-Group 3 0.18 0.72
Fasting Insulin (uUI/mL)
Baseline 15.24 £7.03 16.08 £ 8.55
28 Days 15.53 +8.21 16.42 4 9.06
Change 0.036 £ 0.317 0.067 £ 0.294 0.58
Within-Group 3 0.71 0.36
HOMA-IR
Baseline 3.58 +2.13 4.10 £ 2.50
28 Days 3.63 £2.22 419 £2.94
Change 0.055 £ 0.322 0.058 £ 0.337 0.94
Within-Group 3 0.99 0.99
AST (U/L)
Baseline 23.48 +7.83 23.42 +9.93
28 Days 22.90 +£7.45 24.29 +£7.29
Change —0.010 £ 0.141 0.088 £ 0.241 0.11
Within-Group 3 0.99 0.05
ALT (U/L)
Baseline 30.35 + 15.74 36.68 & 23.74
28 Days 29.93 £15.16 34.93 £ 18.50
Change —0.001 £ 0.138 0.008 £ 0.317 0.45
Within-Group 3 0.42 0.28
GGT (U/L)
Baseline 29.71 +10.78 40.48 + 23.01
28 Days 28.29 £+ 10.31 34.22 +21.68
Change —0.041 £0.113  —0.160 £ 0.206 0.005
Within-Group 3 0.12 0.0001
Alkaline Phosphatase (U/L)
Baseline 69.77 £ 21.00 67.64 £+ 19.99
28 Days 71.58 +21.42 68.74 £19.88
Change 0.029 + 0.067 0.019 £ 0.069 0.66
Within-Group * 0.56 0.58
hsCRP (mg/dL)
Baseline 0.29 +£0.23 0.34 £0.43
28 Days 0.30 £ 0.31 0.30 £ 0.41
Change 0.201 4 1.365 0.090 4 0.740 0.79
Within-Group * 0.03 0.58
Ferritin (ng/mL)
Baseline 191.35 £ 95.77 241.05 £ 170.98
28 Days 188.07 & 92.61 231.52 £+ 163.94
Change —0.001 £0.155  —0.046 £ 0.206 0.32
Within-Group 3 0.85 0.15

! As mean and standard deviation for continuous variables and as frequency and percentage (%) for categorical.
2 Wilcoxon rank-sum test (Mann-Whitney); 3 Wilcoxon matched-pairs signed-rank test. Abbreviations: LDL,
low-density lipoprotein; HDL, high-density lipoprotein; HOMA-IR, homeostatic model assessment for insulin
resistance; AST, Aspartate Aminotransferase; ALT, Alanine Transaminase; GGT, Gamma-Glutamyl Transferase;
hsCRP, high-sensitivity C-reactive protein.

3.3. Orange Supplementation Reduces Liver Steatosis

After four weeks of orange supplementation, we observed a reduction in liver steatosis
as measured by CAP as a categorical variable (Figure 3B, 70.97% vs. 100.00%, p < 0.004),
although this did not reach statistical significance in a continuous manner (Figure 3A).
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Figure 3. Impact of orange supplementation on liver steatosis. (A) Reduction in liver steatosis
after four weeks of orange supplementation, as measured by controlled attenuation parameter
(CAP = dB/m); (B) prevalence of liver steatosis based on CAP categorical analysis using a clinical
cutoff of more than 275 dB/m [7]. Values are mean + SEM.

When analyzing CAP as a categorical variable based on the clinical cutoff of 275 dB/m [7],
we found a significant decrease in the prevalence of subjects in the treatment group (Fig-
ure 3, panel B), with 70.97% of participants showing liver steatosis compared to 100% in the
control group (p < 0.004). This indicates a reduction in liver disease prevalence of approxi-
mately 30% attributable to orange supplementation. However, no statistically significant
changes in fibrosis degree (kPa) were observed in either group after the four-week period.
Plasma concentrations of AST, ALT, and alkaline phosphates remained unchanged after
orange supplementation (Table 3). However, there was a significant reduction in plasma
GGT levels (Table 3).

4. Discussion

In this randomized clinical trial, unlike others focusing on orange juice consump-
tion [11], we investigated the effects of supplementation with whole oranges, including
the albedo rich in polyphenols [18], on liver function and steatosis using transient elas-
tography. Over a four-week period, we evaluated these outcomes alongside various liver
and cardiometabolic markers in weight-stable overweight individuals with MASLD and a
CAP score exceeding 275 dB/m. Our findings indicate that daily consumption of 400 g of
whole oranges—approximately four oranges per day—for 28 days significantly reduced
the prevalence of liver steatosis, independent of any changes in body weight.

Lifestyle-induced weight loss leads to a dose-dependent improvement in liver function
and steatosis, with reductions exceeding 10% of body weight achieving a 90% resolution
rate of steatohepatitis [19]. Our findings highlight the potential of specific foods rich in
phytochemicals and antioxidant vitamins, such as whole fruits like oranges, to enhance liver
function as an adjunct treatment for MASLD. The significant reduction in liver steatosis
prevalence, independent of changes in body weight and adiposity, is consistent with
preclinical research suggesting that the flavonoids, vitamin C, and riboflavin found in
oranges may support liver function [12,13]. However, unlike preclinical studies, our data
indicate that these compounds can promote liver health independently of weight loss
or improvements in insulin sensitivity, inflammation, and glucose and lipid metabolism,
which typically require a negative energy balance [20-22].

This effect may be achieved by activating lipolytic and lipid oxidation pathways,
such as PPAR-« [23,24], while simultaneously inhibiting de novo lipogenesis through
mechanisms involving Liver X receptor (LXR-«) [25,26] and the dimethylarginine dimethy-
laminohydrolase (DDAH)/asymmetric dimethylarginine (ADMA) pathway [13].
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Numerous studies have shown that oranges are rich in flavonoids and anthocyanins,
which can positively influence lipid metabolism [27-29]. Key components such as poly-
methoxyflavones, narirutin, naringenin, tangerine, and hesperidin have lipid-lowering
and antioxidant properties, preventing liver lipid accumulation and subsequent portal
inflammation [29,30]. Other polyphenol-rich fruits like pomegranate and lychee have also
been shown to reduce hepatic steatosis and insulin resistance in rodents, likely due to
alterations in gut microbiota [31-33]. Additionally, increased intake of antioxidant vitamin
C and thiamine may further enhance liver health by reducing liver oxidative stress [34-36].
Riboflavin is also involved in mitochondrial energy production, reducing the risk of fat
accumulation in the liver [37].

Therapeutical benefits of the fruit-derived components have been demonstrated in the
onset and progression of NAFLD [38,39]. The preventive effect of orange and pomelo peel
powder on NAFLD has been demonstrated in mice through the reduction in HFD-induced
dyslipidemia with a positive effect on liver inflammation [40]. Pomegranate fruit pulp
has recently been shown to reduce hepatic steatosis and insulin resistance in mice by the
modulation of the gut microbiota [41].

In subjects with metabolic syndrome, a high content of polyunsaturated fatty acids,
tocopherols, and phenolic compounds in the diet led to reduced insulin resistance and
glucose levels, improving lipid parameters and modulating the leptin and adiponectin
levels in the serum [42].

Consequently, dietary components can largely determine the success of nutritional
interventions in patients with metabolic diseases [39]. For example, the Mediterranean
diet is a gold benchmark to treat MAFLD for its ability to reduce body weight, BMI, hip
circumference, fat mass, and hypertension [43].

In a recent study conducted on tissue-engineered fatty liver, naringenin, found in
many citrus fruits such as oranges, demonstrated a potential NAFLD-ameliorative property
by decreasing fatty acid absorption and de novo lipogenesis and enhancing fatty acid
oxidation [44]. Recently, naringenin has been reported to inhibit the NOD-like receptor
protein 3 (NLRP3)/ nuclear factor-kappaB (NF-«kB) pathway in a methionine-choline de-
ficient (MCD) model of mice as well as in hepatoma carcinoma (HepG2) cells, primary
hepatocytes, and Kupffer cells (KCs) [45].

The study has some limitations, including a small sample size and the absence of liver
biopsies for histopathological and mechanistic characterization. The major strengths of
this study include the intention-to-treat randomized controlled trial design minimizing
the potential for selection bias and the high retention rate of enrolled participants with
excellent adherence to the study intervention. A notable distinction of this study compared
to previous research is the selection criteria for participants. Unlike earlier studies, our
subjects were specifically chosen as overweight individuals with CAP values greater than
256 dB/m. This criterion ensures that all participants had a quantifiable degree of liver
steatosis, making the study’s results more applicable to a clearly defined population of
individuals with MASLD. This focused selection enhances the relevance and applicability
of our findings to clinical practice for managing MASLD in overweight individuals.

5. Conclusions

Our findings underscore the potential effectiveness of whole fruit consumption, par-
ticularly citrus fruits, as a dietary strategy for reducing liver steatosis in overweight in-
dividuals with MASLD, independent of weight loss. This research adds to the growing
evidence that fruits rich in vitamins, phytochemicals, and fiber can serve as adjunct therapy
for preventing liver steatosis and MASLD. Future studies should explore the long-term
effects of orange supplementation on fibrosis progression and overall metabolic health, as
well as identify the specific bioactive compounds and microbial metabolites responsible for
these benefits. Our study also suggests that daily consumption of whole oranges, including
the albedo, as part of a balanced, moderately energy-restricted diet, combined with regular
exercise, can be an effective preventive measure to reduce liver steatosis.
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Abstract: Malnutrition rates in Advanced Liver Disease (ALD) are significantly higher than those in
well-compensated liver disease. In addition to its physiological impact, malnutrition is detrimental
for quality of life and social, emotional, and psychological well-being. Studies within oncology
and renal supportive care have identified the influence of non-physiological factors on malnutrition
risk. Integrating similar factors into malnutrition screening for ALD could improve identification
of at-risk patients to optimize treatment planning. This qualitative study aimed to understand the
holistic factors influencing nutritional status in the ALD population. Semi-structured interviews with
21 patients, carers, and clinicians explored the experiences of malnutrition in ALD. Thematic analysis
revealed five key themes: (i) appropriateness of healthcare delivery; (ii) health- and food-related
factors; (iii) high symptom burden, (iv) social support impacting well-being, and (v) physical and
structural supports. Current screening methods do not adequately capture all potential drivers
of malnutrition in the ALD population. Adopting a more supportive approach including both
physiological and non-physiological factors in ALD malnutrition screening may promote more timely
and comprehensive nutritional interventions that address the complex and holistic needs of patients
living with ALD.

Keywords: liver disease; malnutrition; quality of life; social support; supportive care; palliative care;
screening; assessment

1. Introduction

Malnutrition in Advanced Liver Disease (ALD) is common and contributes to high
symptom burden, poorer health outcomes, increased hospital admissions, increased health-
care costs, decreased quality of life, and increased rates of mortality [1-6]. Studies have
shown that 20% of people living with well-compensated liver disease suffer from malnutri-
tion, with rates increasing to 60-85% in people in advanced stages of the disease [1-3,6].
Malnutrition directly impacts severe complications of liver cirrhosis, such as ascites, hepatic
encephalopathy, and infections, worsening prognosis and reducing quality of life [6].

Early detection and diagnosis of malnutrition is essential in ALD. The European
Society for Clinical Nutrition and Metabolism (ESPEN) guidelines recommend initial
screening for malnutrition using a validated tool [1-3,6,7]. While most globally used val-
idated screening tools seek to identify changes in dietary intake and weight, screening
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for malnutrition in ALD can be difficult. The fluid buildup from edema and ascites may
mask weight changes, leading to inaccurate weight and body mass index calculations and
thereby decreasing the accuracy of these tools and potentially underestimating malnutrition
risk [6-8]. As a result, nutritional intervention is often delayed [6]. The Malnutrition Screen-
ing Tool (MST) is an example of a screening tool commonly used in clinical practice [3]. It
is a popular tool as it is validated across multiple conditions, can be completed by any staff
member, and can be easily applied in all settings [3]. However, it is less likely to be effective
in this population as it only uses intake and weight as indicators of risk of malnutrition [3].
Some studies have shown that in patients with cirrhosis, the MST has poor diagnostic
ability, with reduced sensitivity and lower prevalence of identified malnutrition risk when
compared with other screening tools [2].

The Patient-Generated Subjective Global Assessment Short Form (PG-SGA Short
Form) includes a wider range of nutritional symptoms such as nausea, taste change,
and loss of appetite, with the option to include additional factors under the category of
‘other’ [9]. However, this ‘other” information is reliant on a patient’s health literacy or
understanding of the condition to recognize key details to convey for effective identification
and prioritization of need [9]. Alternatively, the Royal Free Hospital-Nutrition Prioritizing
Tool (RFH-NPT) is recommended by the European Society for Enteral and Parenteral
Nutrition (ESPEN) guidelines for malnutrition screening in patients with ALD as it is
disease-specific and considers factors beyond intake and weight [1,3]. Included in the
tool are disease-related complications such as ascites and general fluid overload, therefore
improving its effectiveness for malnutrition risk detection in this population [6,10].

Non-physiological determinants such as personal, religious, and cultural values
and psychological factors play a role in malnutrition etiology but are not routinely cap-
tured in current tools [3,6-8,11,12]. While there is limited evidence investigating the
non-physiological determinants of malnutrition in ALD populations, studies in other
patient groups with comparable high symptom burdens, such as oncology and renal sup-
portive care, have shown that incorporating these additional factors leads to more timely
nutritional intervention for those at risk of malnutrition [11,12]. This allows for better
management of symptoms, improved physical function and independence, and improved
quality of life [11,12].

Given the significant impact of malnutrition on ALD outcomes and emerging evidence
regarding the benefit of incorporating non-physiological determinants of malnutrition
in screening for ALD, a broader approach to malnutrition screening is required. The
primary aim of this research is to identify these additional non-physiological factors for
use in malnutrition screening for patients with ALD that could inform a patient-reported
screening tool. Consumer engagement explored the lived experience of nutrition concerns
in this patient group through qualitative methods. Such consumer involvement has been
shown to increase the quality, impact, and reach of clinical research [13].

2. Materials and Methods

This qualitative study is reported in accordance with the ‘Standards for Reporting
Qualitative Research (SRQR): A Synthesis of Recommendations’ [14]. Ethics approval
was provided by Hunter New England Ethics Committee reference (2022/ETH02426) on
21 December 2022. Registration was granted by the Australian New Zealand Clinical Trials
Registry (ANZCTR), ACTRN12624000472572.

2.1. Setting

This study was conducted within complex and supportive care liver clinics across one
metropolitan and one regional Australian public health site.

2.2. Research Steering Committee

The research team comprised a ten-member steering committee consisting of re-
searchers, doctors, nurses, and dieticians with experience in ALD. An early-career research
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dietician skilled in working with ALD patients and supportive care convened the research
steering committee. The research dietician worked collaboratively under the guidance of
the broader research steering committee, seeking feedback and direction on every aspect of
the study design, implementation, and evaluation.

2.3. Consumer Input

For this study, it was vital to engage with a range of consumers to improve the
researchers’ understanding of the lived experience of malnutrition in ALD and to ensure
the richness of the data. Consumers consisted of (i) patients and (ii) carers.

Patients were eligible if they were 18 years of age or older, attended one of the liver
clinics in the research setting, were able to provide informed consent, and had Child-Pugh B
or C liver disease. As a range of lived experience was sought, current malnutrition was not
an inclusion criterion for the study; participants were invited if they had Child-Pugh B or C
status as this group would be more likely to have a current or future risk of undernutrition
and receive dietetic input. Carers of any patient meeting the eligibility criteria were invited
to participate, with their participation dependent on receiving informed consent from
the patient.

2.4. Clinician Input

Dieticians, nurses, social workers, and doctors who worked across either research site
were eligible to participate. These health workers needed to be currently employed at one
of the liver clinics in the setting, caring for patients who met the eligibility criteria and/or
have experience working with the ALD population.

2.5. Recruitment

Recruitment occurred between January and March 2023. Eligible patients and carers
were identified from those who attended a clinic within the research setting. In consulta-
tion with site leads for the Department of Nutrition and Dietetics, Gastroenterology and
Supportive Care, the research dietician identified key staff members with experience in
ALD who were purposefully sampled and invited to participate. Due to a limited number
of dieticians available at the regional site, dieticians from an outlying health campus with
expertise in ALD were nominated by department leads to provide a broader range of input
and regional perspective. Clinicians who provided consent to participate were provided an
information sheet prior to contact with the research dietician.

2.6. Data Collection

Semi-structured interviews were conducted with all consumers between January and
March 2023. Interviews were facilitated by the research dietician (blinded for peer review)
either in person, via phone, or virtually using Microsoft Teams. Interview guides were
developed to promote consistency in the data collected (see Tables 1 and 2) based on the
literature and the research team’s knowledge and clinical experience. Thirteen clinicians
were interviewed either individually or in small groups of two or three. All patients and
carers were interviewed individually.

Adproit Transcription was used to transcribe a total of eleven interviews with thirteen
participants, including two focus groups [15]. A glossary of terms was provided to tran-
scribers to give context to the interviews for more accurate transcription (see Table S1). The
remaining nine participant interviews were transcribed manually by the research team
due to poor recording quality. Each transcript was then checked by two members of the
research team (blinded for peer review) for accuracy.
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Table 1. Interview Guide for Clinicians.

Welcome and Introductions.

Experiences of nutrition care in complex liver clinics.

e  What is your experience of using nutrition screening and assessment tools in standard practice?

e  Can you explain the referral processes to the dietician currently used in standard care? Can you explain how these processes
are effective or ineffective in identifying those patients requiring nutrition support?

e  From your point of view, what are some of the factors influencing an ALD patient’s nutrition?
How do current nutrition screening tools account for these factors?
Can you explain how non-physiological factors (for example, food security, culture, dentition, psychosocial and emotional
well-being) influence nutrition for patients living with ALD?

Positive/negative comments.

e  Can you explain the positive components of the nutrition screening tools currently used in standard practice? What
works well?

e  Can you explain the negative components of the nutrition screening tools currently used in standard practice? What doesn’t
work well?

Feedback and suggestions for screening tool development.

e  What are your suggestions on how the screening of nutrition in ALD patients could be improved?
How could the non-physiological determinants of nutrition be incorporated into a new nutrition screening tool for
ALD patients?

e  What are the main physiological and non-physiological components or considerations you think are important to include in
the novel screening tool?

General suggestions.

e Do you have any general recommendations?
e Do you have any other comments?

Table 2. Interview Guide for Patients and Carers.

Welcome and Introductions.

We know that nutrition can affect more than just your physical health. It can also be important to people’s connection with their
family, quality of life, culture and social and emotional well-being. We’d like to ask you a few questions about nutrition, which will
help us improve the way we plan and provide nutritional care

Experiences of care.

e  Can you tell me how nutrition affects your daily life?

° Other than your physical health, can you explain how nutrition impacts other areas of your well-being?

Positive/negative comments.

e  What are the things that make it hard for you to have good nutrition?

e What are the things that might help you have good nutrition?

Feedback.

e What things do you think are important for the healthcare team to consider when asking about your nutrition and how it
affects your daily life?

General suggestions

(] Do you have any general suggestions or comments?

2.7. Data Analysis

Transcripts were de-identified and analyzed thematically using the Braun and Clarke
method [16]. The initial coding was completed by two members of the research team
(blinded for peer review) who spent time familiarizing themselves with the transcribed
interviews by completing iterative readthroughs of each interview to gain maximum
insight [16]. Codes were generated for as many topics as possible, ensuring that the
code was not just a phrase but rather applied to a contextual segment of the interview.
Two members of the research steering committee (the dietetic honors student and one
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senior research dietician) generated themes from the existing codes and sorted these into
categories that best encompassed their meaning [16]. Themes were further refined during
two consultations with the broader research steering committee for review, revisiting and
reorganizing codes and subthemes until a consensus was obtained [16]. The sample size
was deemed large enough to provide adequate information power due to the narrow focus
of the study, specific sample population, and clinical expertise of the research team [17].
Supporting exemplars were then extracted from the text, aiding in the refining of the names
of the themes, ensuring that they were conceptually parallel [16]. NVivo 12 software was
used to assist in the organization and visualization of the data [18].

3. Results

There was a total of twenty-two participants included in this study: eleven clinicians, nine
participants, and two carers. Five clinicians and two patients came from the regional sites.
Six clinicians, seven patients, and two carers came from the metropolitan site (see Figure 1).
Patient participants had a diagnosis of hepatitis B, hepatitis C, and/or alcoholic liver disease
and had received dietician input into their care planning during standard care liver clinics in
the six months prior to being recruited to the study. Two of these patient participants had been
diagnosed with hepatocellular carcinoma, with one having received immunotherapy. There
was a 100% participation rate with all patients, carers, and clinicians approached for the study
agreeing to be interviewed. Interviews lasted between five and thirty minutes.

Patients/carers/clinicians
assessed for eligihility

n=22
Excluded or did not| |
consent n=0
[ ]

Metropolitan n=15 Regional n=7

— Patients n=7 — Patients n=2 Total patients n=9

— Carers n=2 = Carers n=0 Total carers n=2

L—  Clinicians n=6 L—  Clinicians n=5 TOtalnclelmans

Figure 1. Flow chart for the recruitment of participants.

When exploring the factors influencing the nutritional status of the ALD population,
five main themes were identified: (i) appropriateness of healthcare delivery; (ii) health-
and food-related factors; (iii) high symptom burden, (iv) social support impacting well-
being, and (v) physical and structural supports (see Table 3 for themes, sub-themes, and
supporting quotes).
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3.1. Appropriateness of Healthcare Delivery

Timely referrals and capturing and addressing what matters most to patients and
their carers were highlighted by carers and clinicians as important factors in this study.
Patients recognized the benefit of being able to “ring up and ask a question” and carers
identified “having the right group around you, especially a group that sort of specializes
in that stuff. . .when no-one else really took very serious, so um, life-changing, for both
of us”. Clinicians acknowledged that it was difficult to assess malnutrition risk with
weight changes alone due to an “increase in ascites [and] decrease in muscle mass”. This
highlighted the need for a screening tool that could screen for more symptoms specific
to the ALD population to allow for more appropriate referrals to dieticians. Clinicians
identified that the current method of screening for malnutrition was “just a bit of a hit and
miss” without “a real clear process of who gets referred to the dietician” and “not capturing
the issues that the patient has”.

3.2. Health- and Food-Related Factors

One patient identified that having a “common understanding of nutrition” would
help increase their intake as they would then be able to understand “the goodness [they’re]
getting from the food to make it worthwhile eating”. For some patients, it was recognized
by clinicians that “they’ve not had good, potentially, dietary or nutrition inputs until now
and so those [negative] habits are formed”, as well as “a lot of people we do know still
have a reliance on alcohol as well” which can then make it “hard to break that barrier as
well, sometimes.” Clinicians noted that this impeded some patients” comprehension of the
provided education regarding how food and nutrition may impact ALD.

It was identified by a clinician that there are “multi-factorial” components that can
impact the nutrition of people with ALD. Clinicians reported the patients’ “cooking skills
and food preparation skills are, on average, lower in this population” and could adversely
affect their nutritional status. Additionally, it was recognized that aspects such as “issues
with dentition” could impact their nutritional status as it “changes what people can eat
and what they can tolerate, that links in often with financial things, not being able to get
their teeth fixed, or access the services that they need.” This comment reflects difficulties
patients have accessing public dental health services in Australia due to the associated costs,
waiting times, limited transport options, and fewer dental practitioners in rural areas [19].

3.3. High Symptom Burden

It was identified by patients, carers, and clinicians that the common physiological
symptoms associated with ALD, such as ascites, nausea, vomiting, poor appetite, and loss
of taste, could affect a patient’s ability to maintain good nutrition. This was best described
by one patient as the “absolute sickness” that would get in the way of their nutrition.

While for some patients the symptoms were unexpected without an apparent specific
cause, for others, symptom burden was recognized as being complex and often interrelated,
causing a cascade effect on intake: “I was eating perfectly, and then one day I just decided I
didn’t feel like eating anymore” and “Quite often when I eat, I throw up. Just out of the
blue”. As a result of these symptoms, there was a loss of interest in food, making eating
more challenging and akin to an obligatory task. The motivation to eat could be quite
transient and subject to frequent changes.

For some patients, despite best intentions, the experiences of symptoms impacted
“that motivation to cook” and to “actually prepare the meals”, as highlighted by one
patient after frequent bouts of diarrhea impacted their ability to proceed with planned
meals. Additionally, one clinician reported that “80 per cent of them [patients] are probably
depressed,” suggesting that low mood would further impact motivation and ability to
look after one’s nutrition. As a result of experiencing symptoms, patients’ reduced energy
levels were recognized as impacting their ability to prepare meals; this began even before
the meal preparation stages, in being able to source food from the shops and get it home.
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“Physically, I couldn’t walk. I literally couldn’t lift my three-month-old son up at the time, I
barely could move off the lounge. I just slept all day”.

3.4. Social Support Affecting Well-Being

Patients, carers, and clinicians identified the significance of social support for people
living with ALD. Patients with ALD reported a loss of independence and the need for more
support from family, friends, and carers, as exemplified by one patient’s statement: “I was
a very independent person, I did everything on my own, I never asked for help, I was very
stubborn. .. Whereas now, I'm like, ‘yes please, can you do this for me’. So that’s kind of
what’s changed me a lot I suppose”.

However, patients also recognized that their waning interest in food sometimes led
them to decline social invitations for fear of bringing a negative atmosphere, resulting in
missed opportunities for a supportive social dining experience. One patient responded
that “I didn’t attend my grand-daughter’s um, engagement party on Saturday, just because
you know, I hadn’t been eating and also too, because I am getting tired because also you
don’t eat so I'm “I've got to sit down, I've got to sit down”, you know I'd be forever feeling
I was being that wet towel, always hanging around, so I just said I wasn’t going to go and
so I missed out on that.”

Clinicians reported they noticed “a big difference in the patients who have a family,
or you know, have a partner and patients who are single and are on their own”. When
patients had a “lack of social support. . .especially if they are living on their own and they’re
feeling so poorly”, this would impact a patient’s ability to maintain good nutrition due to
difficulty shopping for food and preparing meals.

3.5. Physical and Structural Support

Financial concerns were raised by some patient participants, with one patient respond-
ing that “I'm on the DSP [Disability Support Pension] ... I don’t work at the moment, so I
don’t have that money to spend”. It was identified by clinicians that a number of barriers
could affect a patient’s ability to maintain good nutrition; these were recognized as patients
of “lower socioeconomic [status] as well, so financial barriers, transport barriers, things
like that”.

In the clinicians” experiences, finance had a big impact on “being able to afford to
eat the amount of protein or the amount of food”. This was reinforced by patients when
they were required to purchase specialty items to manage their condition or when patients
were required to access nutritional support to ensure they could meet their nutritional
requirements. In some instances, clinicians stated that patients would respond “no” when
asked if they could afford to purchase nutritional supplement drinks. As a result, the
dieticians were altering recommendations to meet the financial needs of the patients.

4. Discussion

This novel study aimed to understand the non-traditional factors influencing the
nutritional intake of the ALD population. Our findings highlight several barriers and non-
physiological factors not included in standard malnutrition screening tools that influence
the nutritional status of patients in this population.

Results from this study reinforce the impact of a high symptom burden in ALD on
a patient’s nutritional status. Symptoms such as ascites, nausea, vomiting, poor appetite,
loss of taste, and low energy acted as barriers to maintaining adequate nutrition. Our
study also highlighted the multifactorial nature of these symptoms in patients, which were
often linked; for example, accumulation of ascites may cause nausea, resulting in changes
to appetite and intake. This is consistent with the literature, which indicates that up to
50% of people with ALD will experience ascites and its consequent impact on nutrition,
leading to heightened malnutrition rates of up to 85% in this population [1,20]. Despite
these symptoms being commonly reported in our study population and consistently seen
in the literature, only two of the seven validated malnutrition screening tools, the RFH-NPT
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and the PG-SGA Short Form, explore disease-related complications, such as ascites or
general fluid overload [6,9,20,21]. In addition, the PG-SGA Short Form includes nutritional
symptoms such as nausea, taste change, and low appetite, but doesn’t capture fluid buildup
from ascites or edema [9].

Evidence in the renal and oncology literature has identified that targeting non-physiological
impacts can lead to better-managed symptoms and a greater quality of life [11,12]. In Australia,
the PG-SGA Short Form is often preferred in renal and oncology settings. However, our study
identified that patients in the ALD population have other complex needs not routinely picked up
by current screening tools and experience non-physiological factors that impact their nutritional
intake, such as financial status, level of social support, and food literacy levels.

It was highlighted by clinicians that the current screening tools used in this setting did
not identify all factors that influenced the nutritional status of patients with ALD, which
may impact timely and appropriate referrals for those at risk of malnutrition. As reported
in the existing literature, the MST, commonly used in clinical settings, is found to have
poor accuracy compared to tools such as the RFH-NPT [3,6]. Therefore, earlier detection
and intervention for malnutrition, as recommended by the ESPEN guidelines, is essential
to improve the quality of life and reduce the mortality rate of patients with ALD [1,6]. This
study draws our attention to the importance of considering a patient-centered approach to
improve outcomes and support optimal nutrition to meet the needs of patients with ALD.

To the authors” knowledge, this is the first exploration of malnutrition screening
in ALD encompassing the important perspectives of patients, caregivers, and clinicians
utilizing a collaborative and evidence-based approach with formal consumer engagement.
As a result of their experiences, this study highlights the ineffectiveness of current screening
methods and the need for more comprehensive malnutrition screening. Leveraging the
consumer and clinician insights obtained in this study can inform clinical practice towards
malnutrition screening that is consumer-focused and considers the unique lived experiences
of this patient population. Designing effective patient-reported outcome measures could
complement anthropometric or other measures to detect sarcopenia and biochemical
methods of assessing nutritional status, for example, serum albumin level, total cholesterol
level, and peripheral lymphocyte counts or the ‘Controlling Nutritional Status” (CONUT)
score [22]. It is important to acknowledge there was an unequal distribution of participants
between the metropolitan and the regional sites. While it is not anticipated that this would
have altered the themes identified in the study, it would be optimal for future research
to further explore the experiences of regional and rural people with ALD in more depth
due to the known health inequalities experienced by people in these regions [23]. This
study did not include patient participants with Child-Pugh A status, and although it is
anticipated that this would not have changed our themes, this could be another area of
future study. Consideration of the health literacy of patients with ALD and the factors that
may differentially influence meal frequency or meal quality may also benefit from future
research. Additionally, while this study explored the experiences of patients, carers, and
clinicians, there was an uneven distribution in the final numbers. As a result, there might be
a lack of representation from specific groups, potentially impacting the comprehensiveness
of the study [24]. Respondent validation of the findings could further support the data [24].

Future research in this area should focus on a supportive and holistic approach to
nutritional management that considers economic, environmental, and psychosocial factors.
The authors plan to develop a novel screening tool for ALD that will be evaluated in
comparison to a comprehensive subjective global assessment. Furthermore, interdisci-
plinary care planning should be engaged to harness expertise in the management of both
physiological and non-physiological determinants of malnutrition, which may improve
not only the nutritional status of patients but also their quality of life.

5. Conclusions

Malnutrition rates in patients with ALD are higher when compared to patients with
well-compensated liver disease. This study aimed to understand the non-traditional
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factors perceived to influence the nutritional status of patients with ALD which are not
currently included in malnutrition screening tools. A wide range of physiological and non-
physiological factors that can affect the nutrition status of patients with ALD were identified
by the diverse group of stakeholders; these warrant consideration in the development and
implementation of malnutrition screening tools for ALD. To our knowledge, no current
published screening tools consider both the physiological and non-physiological factors of
malnutrition in the ALD population. Therefore, we recommend the development of a novel
screening tool that incorporates these aspects to screen for malnutrition in this population
more accurately.
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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.
10/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:
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e Population:

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

e Concept:

O 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.

e Context:

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

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

O 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 OSE, 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

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

e 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

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

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

UPF and bone health in adults

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

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

UPF and osteoarthritis

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

e  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

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

e 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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Figure 1. PRISMA 2020 flow diagram. Adapted From: Page MJ, McKenzie JE, Bossuyt PM, Boutron I,
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/cm? /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 UPE. 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 con-
ference 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 associ-
ation 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 UPFE.

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 sub-
stitution analyses, showing that replacing 20% of daily UPF consumption with unprocessed
or minimally processed foods reduced gout risk by 13% [41].

135



Nutrients 2025, 17,1188

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].

136



Nutrients 2025, 17,1188

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.

138



Nutrients 2025, 17,1188

Author Contributions: Conceptualization, ]J.C., L.M. and F.U.; methodology, ].C., LM., C.R. and
A.D.; software, V.B., EP. and L.L.; validation, J.C. and FU.; formal analysis, L.M., C.R., A.D. and EP,;
investigation, L.M., A.D., VB, FP. and L.L.; resources, C.R. and F.U,; data curation, ].C., A.D., EP,
L.L. and FU.; writing—original draft preparation, J.C., L.M., C.R. and A.D.; writing—review and
editing, ].C.,, LM.,C.R.,, A.D., VB, EP, L.L. and FU; visualization, ].C.; supervision, ].C. and EU.;
project administration, L.M., C.R. and V.B. All authors have read and agreed to the published version
of the manuscript.

Funding: This research received no external funding.

Data Availability Statement: No new data were created or analyzed in this study. Data sharing is
not applicable to this article.

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

References

1.

10.

11.

12.

13.

14.

15.

Monteiro, C.A.; Cannon, G.; Levy, R.B.; Moubarac, J.-C.; Louzada, M.L.; Rauber, E; Khandpur, N.; Cediel, G.; Neri, D.; Martinez-
Steele, E.; et al. Ultra-Processed Foods: What They Are and How to Identify Them. Public Health Nutr. 2019, 22, 936-941.
[CrossRef]

Wang, L.; Du, M.; Wang, K.; Khandpur, N.; Rossato, S.L.; Drouin-Chartier, ].-P.; Steele, E.M.; Giovannucci, E.; Song, M.; Zhang, F.F.
Association of Ultra-Processed Food Consumption with Colorectal Cancer Risk among Men and Women: Results from Three
Prospective US Cohort Studies. BM]J 2022, 378, e068921. [CrossRef]

Baker, P.; Machado, P.; Santos, T.; Sievert, K.; Backholer, K.; Hadjikakou, M.; Russell, C.; Huse, O.; Bell, C.; Scrinis, G.; et al.
Ultra-Processed Foods and the Nutrition Transition: Global, Regional and National Trends, Food Systems Transformations and
Political Economy Drivers. Obes. Rev. 2020, 21, e13126. [CrossRef] [PubMed]

Mallarino, C.; Gémez, L.F.; Gonzalez-Zapata, L.; Cadena, Y.; Parra, D.C. Advertising of Ultra-Processed Foods and Beverages:
Children as a Vulnerable Population. Rev. Saude Publica 2013, 47, 1006-1010. [CrossRef] [PubMed]

Juul, E,; Vaidean, G.; Parekh, N. Ultra-Processed Foods and Cardiovascular Diseases: Potential Mechanisms of Action. Adv. Nutr.
2021, 12, 1673-1680. [CrossRef] [PubMed]

Martini, D.; Godos, ].; Bonaccio, M.; Vitaglione, P.; Grosso, G. Ultra-Processed Foods and Nutritional Dietary Profile: A
Meta-Analysis of Nationally Representative Samples. Nutrients 2021, 13, 3390. [CrossRef]

Pagliai, G.; Dinu, M.; Madarena, M.P,; Bonaccio, M.; Iacoviello, L.; Sofi, F. Consumption of Ultra-Processed Foods and Health
Status: A Systematic Review and Meta-Analysis. Br. J. Nutr. 2021, 125, 308-318. [CrossRef]

Delpino, EM.; Figueiredo, L.M.; Bielemann, R.M.; da Silva, B.G.C.; Dos Santos, E.S.; Mintem, G.C.; Flores, T.R.; Arcéncio, R.A.;
Nunes, B.P. Ultra-Processed Food and Risk of Type 2 Diabetes: A Systematic Review and Meta-Analysis of Longitudinal Studies.
Int. ]. Epidemiol. 2022, 51, 1120-1141. [CrossRef]

Du, S.; Kim, H.; Rebholz, C.M. Higher Ultra-Processed Food Consumption Is Associated with Increased Risk of Incident Coronary
Artery Disease in the Atherosclerosis Risk in Communities Study. J. Nutr. 2021, 151, 3746-3754. [CrossRef]

Bhave, VM.; Oladele, C.R.; Ament, Z.; Kijpaisalratana, N.; Jones, A.C.; Couch, C.A,; Patki, A.; Garcia Guarniz, A.-L.; Bennett, A.;
Crowe, M; et al. Associations Between Ultra-Processed Food Consumption and Adverse Brain Health Outcomes. Neurology 2024,
102, €209432. [CrossRef]

Dai, S.; Wellens, J.; Yang, N.; Li, D.; Wang, J.; Wang, L.; Yuan, S.; He, Y.; Song, P.; Munger, R.; et al. Ultra-Processed Foods and
Human Health: An Umbrella Review and Updated Meta-Analyses of Observational Evidence. Clin. Nutr. 2024, 43, 1386-1394.
[CrossRef] [PubMed]

Isaksen, LM.; Dankel, S.N. Ultra-Processed Food Consumption and Cancer Risk: A Systematic Review and Meta-Analysis. Clin.
Nutr. 2023, 42,919-928. [CrossRef] [PubMed]

Ejtahed, H.-S.; Mardi, P; Hejrani, B.; Mahdavi, ES.; Ghoreshi, B.; Gohari, K.; Heidari-Beni, M.; Qorbani, M. Association between
Junk Food Consumption and Mental Health Problems in Adults: A Systematic Review and Meta-Analysis. BMC Psychiatry 2024,
24, 438. [CrossRef]

Narula, N.; Chang, N.H.; Mohammad, D.; Wong, E.C.L.; Ananthakrishnan, A.N.; Chan, S.5.M.; Carbonnel, F; Meyer, A. Food
Processing and Risk of Inflammatory Bowel Disease: A Systematic Review and Meta-Analysis. Clin. Gastroenterol. Hepatol. 2023,
21,2483-2495.el. [CrossRef]

Mannino, A.; Daly, A.; Dunlop, E.; Probst, Y.; Ponsonby, A.-L.; van der Mei, I.A.F.; Ausimmune Investigator Group; Black,
L.J. Higher Consumption of Ultra-Processed Foods and Increased Likelihood of Central Nervous System Demyelination in a
Case-Control Study of Australian Adults. Eur. J. Clin. Nutr. 2023, 77, 611-614. [CrossRef] [PubMed]

139



Nutrients 2025, 17,1188

16.

17.
18.

19.

20.
21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Rizzoli, R.; Biver, E.; Bonjour, J.-P.; Coxam, V.; Goltzman, D.; Kanis, ].A.; Lappe, J.; Rejnmark, L.; Sahni, S.; Weaver, C.; et al.
Benefits and Safety of Dietary Protein for Bone Health—An Expert Consensus Paper Endorsed by the European Society for
Clinical and Economical Aspects of Osteopororosis, Osteoarthritis, and Musculoskeletal Diseases and by the International
Osteoporosis Foundation. Osteoporos. Int. 2018, 29, 1933-1948. [CrossRef]

Weaver, C. Nutrition and Bone Health. Oral Dis. 2017, 23, 412-415. [CrossRef]

Munoz-Garach, A.; Garcia-Fontana, B.; Mufioz-Torres, M. Nutrients and Dietary Patterns Related to Osteoporosis. Nutrients 2020,
12,1986. [CrossRef]

Casey, C.; Kemp, B.J.; Cassidy, L.; Patterson, C.C.; Tully, M.A_; Hill, A.J.; McCance, D.R. The Influence of Diet and Physical
Activity on Bone Density of Children Aged 5-7 Years: The Belfast HAPO Family Study. Bone 2023, 172, 116783. [CrossRef]
Ahmadieh, H.; Arabi, A. Vitamins and Bone Health: Beyond Calcium and Vitamin D. Nutr. Rev. 2011, 69, 584-598. [CrossRef]
Srour, B.; Kordahi, M.C.; Bonazzi, E.; Deschasaux-Tanguy, M.; Touvier, M.; Chassaing, B. Ultra-Processed Foods and Human
Health: From Epidemiological Evidence to Mechanistic Insights. Lancet Gastroenterol. Hepatol. 2022, 7, 1128-1140. [CrossRef]
Peters, M.D.J.; Marnie, C.; Tricco, A.C.; Pollock, D.; Munn, Z.; Alexander, L.; McInerney, P.; Godfrey, C.M.; Khalil, H. Updated
Methodological Guidance for the Conduct of Scoping Reviews. [BI Evid. Implement. 2021, 19, 3-10. [CrossRef] [PubMed]
Tricco, A.C.; Lillie, E.; Zarin, W.; O’Brien, K.K.; Colquhoun, H.; Levac, D.; Moher, D.; Peters, M.D.].; Horsley, T.; Weeks, L.;
et al. PRISMA Extension for Scoping Reviews (PRISMA-ScR): Checklist and Explanation. Ann. Intern. Med. 2018, 169, 467—473.
[CrossRef] [PubMed]

Akkaya, Z.; Joseph, G.B.; Lynch, J.A.; McCulloch, C.; Gassert, E; Pedoia, V.; Sims, W.; Lane, N.E.; Link, T.M. The Relationship
Between Ultra-Processed Food Intake and Knee Cartilage Thickness in Men and Women:Data From Osteoarthritis Initiative.
Osteoarthr. Cartil. 2024, 32, S357. [CrossRef]

Brooks, E.L.G.; Tangney, C.C.; Ritz, E.M. Ultra-Processed Food Intake and Prevalence of Osteoporosis in US Adults Aged 50 Years
and Older: A Cross-Sectional Analysis. Osteoporos. Int. 2025, 36, 455-464. [CrossRef] [PubMed]

Lim, H.-S,; Ji, S.-1; Hwang, H.; Kang, J.; Park, Y.-H.; Lee, H.-H.; Kim, T.-H. Relationship between Bone Density, Eating Habit, and
Nutritional Intake in College Students. |. Bone Metab. 2018, 25, 181. [CrossRef]

Mangano, K.M.; Sahni, S; Kiel, D.P;; Tucker, K.L.; Dufour, A.B.; Hannan, M.T. Dietary Protein Is Associated with Musculoskeletal
Health Independently of Dietary Pattern: The Framingham Third Generation Study. Am. J. Clin. Nutr. 2017, 105, 714-722.
[CrossRef]

Monjardino, T.; Lucas, R.; Ramos, E.; Lopes, C.; Gaio, R.; Barros, H. Associations between a Posteriori Defined Dietary Patterns
and Bone Mineral Density in Adolescents. Eur. |. Nutr. 2015, 54, 273-282. [CrossRef]

Nguyen, K.; Vergne-Salle, P; Fressinaud-Marie, A.-C.; Bertin, P. AB0709 Influence of Dietetary Intakes on Spondyloarthritis: An
Observational Prospective Study. Ann. Rheum. Dis. 2019, 78, 1817. [CrossRef]

Noel, S.; Fouhy, L.; Flanagan, K.; Mangano, K.; Zhang, X.; Tucker, K. P23-058-23 Ultra-Processed Food Intake and Osteoporosis
Among Puerto Rican Adults. Curr. Dev. Nutr. 2023, 7, 100168. [CrossRef]

Saito, M.; de Oliveira, B.; Macedo, A.; dos Santos, C.; Lopes, R.; Yamanaka, J.; Shimano, A. Cafeteria Diet Can Affect Bone
Microarchitecture in Sedentary and Trained Male Rats. J. Clin. Densitom. 2024, 27, 101467. [CrossRef] [PubMed]

Shin, S.; Sung, J.; Joung, H. A Fruit, Milk and Whole Grain Dietary Pattern Is Positively Associated with Bone Mineral Density in
Korean Healthy Adults. Eur. J. Clin. Nutr. 2015, 69, 442-448. [CrossRef] [PubMed]

Shin, S.; Hong, K.; Kang, S.W.; Joung, H. A Milk and Cereal Dietary Pattern Is Associated with a Reduced Likelihood of Having a
Low Bone Mineral Density of the Lumbar Spine in Korean Adolescents. Nutr. Res. 2013, 33, 59-66. [CrossRef] [PubMed]

Sims, W.; Akkaya, Z.; Joseph, G.; Lynch, ].A.; Gassert, F; McCulloch, C.; Lane, N.E.; Link, T.M. Association of Ultra-Processed
Food Intake and Sex Differences in Osteoarthritis-Related Pain and Clinical Performance. Osteoarthr. Cartil. 2024, 32, S495.
[CrossRef]

Smaira, EI.; Mazzolani, B.C.; Peganha, T.; Dos Santos, K.M.; Rezende, D.A.N.; Araujo, M.E.; Bonfiglioli, K.; Scagliusi, F.B.; Benatti,
FE.B.; De Sa Pinto, A.L.; et al. Ultra-Processed Food Consumption Associates with Higher Cardiovascular Risk in Rheumatoid
Arthritis. Clin. Rheumatol. 2020, 39, 1423-1428. [CrossRef]

Travinsky-Shmul, T.; Beresh, O.; Zaretsky, J.; Griess-Fishheimer, S.; Rozner, R.; Kalev-Altman, R.; Penn, S.; Shahar, R.; Monsonego-
Ornan, E. Ultra-Processed Food Impairs Bone Quality, Increases Marrow Adiposity and Alters Gut Microbiome in Mice. Foods
2021, 10, 3107. [CrossRef]

Vogel, C.; Parsons, C.; Godfrey, K.; Robinson, S.; Harvey, N.; Inskip, H.; Cooper, C.; Baird, J. Greater Access to Fast-Food Outlets
Is Associated with Poorer Bone Health in Young Children. Osteoporos. Int. 2016, 27, 1011-1019. [CrossRef]

Wang, S.; Xie, J.; Zhai, D.; Wang, Z.; Qi, H.; Deng, M. Association between Ultra-Processed Food and Osteoporosis: A Cross-
Sectional Study Based on the NHANES Database. Nutr. Metab. 2024, 21, 69. [CrossRef]

Wei, Y,; Zhang, T.; Liu, Y.,; Liu, H.; Zhou, Y.; Su, J.; Chen, L.; Bai, L.; Xia, Y. Ultra-Processed Food Consumption, Genetic
Susceptibility, and the Risk of Hip/Knee Osteoarthritis. Clin. Nutr. 2024, 43, 1363-1371. [CrossRef]

140



Nutrients 2025, 17,1188

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.
56.

57.

Zaretsky, ].; Griess-Fishheimer, S.; Carmi, A.; Travinsky Shmul, T.; Ofer, L.; Sinai, T.; Penn, S.; Shahar, R.; Monsonego-Ornan, E.
Ultra-Processed Food Targets Bone Quality via Endochondral Ossification. Bone Res. 2021, 9, 14. [CrossRef]

Zhang, T.; Xu, X.; Chang, Q.; Lv, Y.; Zhao, Y.; Niu, K; Chen, L.; Xia, Y. Ultraprocessed Food Consumption, Genetic Predisposition,
and the Risk of Gout: The UK Biobank Study. Rheumatology 2024, 63, 165-173. [CrossRef]

Zhao, H.; Bai, Y; Liu, Y.; Xing, Y.; Yan, Y.; Chen, G.; Chen, J.; Wang, X.; Chen, C.; Zhang, Z. Association of Ultraprocessed Food
Consumption with Risk of Rheumatoid Arthritis: A Retrospective Cohort Study in the UK Biobank. Am. J. Clin. Nutr. 2024, 120,
927-935. [CrossRef]| [PubMed]

Page, M.]J.; McKenzie, J.E.; Bossuyt, PM.; Boutron, I.; Hoffmann, T.C.; Mulrow, C.D.; Shamseer, L.; Tetzlaff, ] M.; Akl, E.A;
Brennan, S.E.; et al. The PRISMA 2020 Statement: An Updated Guideline for Reporting Systematic Reviews. BM] 2021, 372, n71.
[CrossRef] [PubMed]

Khoury, N.; Martinez, M.A.; Garciduefias-Fimbres, T.E.; Pastor-Villaescusa, B.; Leis, R.; De Las Heras-Delgado, S.; Miguel-Berges,
M.L.; Navas-Carretero, S.; Portoles, O.; Pérez-Vega, K.A.; et al. Ultraprocessed Food Consumption and Cardiometabolic Risk
Factors in Children. JAMA Netw. Open 2024, 7, €2411852. [CrossRef]

Suhett, L.G.; Filgueiras, M.D.S.; De Novaes, J.F,; Sukumar, D. Role of Diet Quality in Bone Health in Children and Adolescents: A
Systematic Review. Nutr. Rev. 2023, 82, 47-59. [CrossRef]

Biver, E.; Herrou, J.; Larid, G.; Legrand, M.A.; Gonnelli, S.; Annweiler, C.; Chapurlat, R.; Coxam, V.; Fardellone, P.; Thomas, T.;
et al. Dietary Recommendations in the Prevention and Treatment of Osteoporosis. Jt. Bone Spine 2023, 90, 105521. [CrossRef]
Calcaterra, V.; Cena, H.; Rossi, V.; Santero, S.; Bianchi, A.; Zuccotti, G. Ultra-Processed Food, Reward System and Childhood
Obesity. Children 2023, 10, 804. [CrossRef] [PubMed]

Khandpur, N.; Neri, D.A.; Monteiro, C.; Mazur, A.; Frelut, M.-L.; Boyland, E.; Weghuber, D.; Thivel, D. Ultra-Processed Food
Consumption among the Paediatric Population: An Overview and Call to Action from the European Childhood Obesity Group.
Ann. Nutr. Metab. 2020, 76, 109-113. [CrossRef]

Luiten, C.M.; Steenhuis, L.H.; Eyles, H.; Ni Mhurchu, C.; Waterlander, W.E. Ultra-Processed Foods Have the Worst Nutrient
Profile, yet They Are the Most Available Packaged Products in a Sample of New Zealand Supermarkets. Public Health Nutr. 2016,
19, 530-538. [CrossRef]

Martinez Leo, E.E.; Pefiafiel, A.M.; Herndndez Escalante, V.M.; Cabrera Araujo, Z.M. Ultra-Processed Diet, Systemic Oxidative
Stress, and Breach of Immunologic Tolerance. Nutrition 2021, 91-92, 111419. [CrossRef]

Tristan Asensi, M.; Napoletano, A.; Sofi, F.; Dinu, M. Low-Grade Inflammation and Ultra-Processed Foods Consumption: A
Review. Nutrients 2023, 15, 1546. [CrossRef] [PubMed]

Gioia, C.; Lucchino, B.; Tarsitano, M.G.; Iannuccelli, C.; Di Franco, M. Dietary Habits and Nutrition in Rheumatoid Arthritis: Can
Diet Influence Disease Development and Clinical Manifestations? Nutrients 2020, 12, 1456. [CrossRef] [PubMed]

Zhang, Y.; Chen, S.; Yuan, M.; Xu, Y.; Xu, H. Gout and Diet: A Comprehensive Review of Mechanisms and Management. Nutrients
2022, 14, 3525. [CrossRef]

Qu, Y;; Hu, W,; Huang, J.; Tan, B.; Ma, F,; Xing, C.; Yuan, L. Ultra-Processed Food Consumption and Risk of Cardiovascular
Events: A Systematic Review and Dose-Response Meta-Analysis. eClinicalMedicine 2024, 69, 102484. [CrossRef]

Qi, L. Mendelian Randomization in Nutritional Epidemiology. Nutr. Rev. 2009, 67, 439-450. [CrossRef] [PubMed]

Naska, A.; Lagiou, A ; Lagiou, P. Dietary Assessment Methods in Epidemiological Research: Current State of the Art and Future
Prospects. F1000Research 2017, 6, 926. [CrossRef]

Popkin, B.M.; Barquera, S.; Corvalan, C.; Hofman, K.J.; Monteiro, C.; Ng, S.W.; Swart, E.C.; Taillie, L.S. Towards Unified and
Impactful Policies to Reduce Ultra-Processed Food Consumption and Promote Healthier Eating. Lancet Diabetes Endocrinol. 2021,
9, 462-470. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.

141



.
el
B

Bl nutrients

Review

The Impact of Home Parenteral Nutrition on Survival and

Quality of Life in Patients with Intestinal Failure and Advanced
Cancer: A Comprehensive Review

Miroslaw Perlinski I'* and Jacek Sobocki 2

1 Fresenius Kabi Poland, Aleje Jerozolimskie 134, 02-305 Warsaw, Poland

Department of General Surgery, and Clinical Nutrition, Medical Center of Postgraduate Education,
Czerniakowska 231, 00-416 Warsaw, Poland; sobockij@gmail.com

Correspondence: miroslaw.perlinski@gmail.com

Abstract: Background and Aims: Home parenteral nutrition (HPN) is essential in the
management of chronic intestinal failure (CIF) and malignant bowel obstruction (MBO),
particularly in cases where enteral feeding is not feasible. This review examines the
evidence from 34 studies to evaluate the impact of HPN on survival and quality of life
(QoL) in patients with MBO, CIF, and advanced cancer, as well as to identify clinical
predictors of survival and address psychosocial challenges. Methods: A comprehensive
review was conducted of 34 studies, focusing on the use of HPN in patients with MBO,
CIF, and advanced cancer. Data were analyzed for survival outcomes, QoL metrics, and
predictors of survival, including performance status, albumin levels, and the continuation
of chemotherapy. The psychosocial aspects of HPN therapy were also assessed, particularly
its influence on patient’s daily lives and mental health. Results: Key predictors of improved
survival included good performance status, higher albumin levels, and the ability to
continue chemotherapy. While HPN extended survival in many cases, its impact on QoL
varied significantly. Psychosocial challenges, including lifestyle disruption and mental
health strain, were common among long-term HPN patients, underscoring the need for
comprehensive patient support. Conclusions: HPN can be a life-sustaining therapy for
patients with CIE, MBO, and advanced cancer, but its success depends on careful patient
selection and management. Identifying predictors of survival helps optimize outcomes,
while addressing psychosocial challenges is crucial to minimizing the negative impact on
QoL. This review highlights the need for a balanced approach to maximize the benefits
of HPN.

Keywords: home parenteral nutrition; chronic intestinal failure; quality of life; survival;
oncology; malignant bowel obstruction; nutrition

1. Introduction

Home parenteral nutrition (HPN) is a critical, life-sustaining treatment for individuals
with severe gastrointestinal (GI) disorders, particularly those with chronic intestinal failure
(CIF) and malignant bowel obstruction (MBO) [1]. These conditions, often caused by
complex diseases such as advanced cancers or severe bowel dysfunction, make normal
enteral feeding insufficient or impossible, necessitating long-term intravenous nutrition.
By delivering essential nutrients directly into the bloodstream, HPN supports metabolic
functions and helps patients maintain body weight, muscle mass, and overall nutritional
health when the digestive tract can no longer be relied upon.
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The primary aim of HPN is to prolong survival and prevent malnutrition-related
complications in patients who would otherwise face severe nutritional deficits. Research in-
dicates that HPN significantly benefits survival rates for patients, especially when initiated
early in the disease process and carefully monitored. Studies have shown that specific clini-
cal indicators, including serum albumin levels, ECOG performance status, and hemoglobin
levels, play a crucial role in determining patient outcomes, making patient selection and
personalized HPN protocols essential for optimizing benefits [2,3].

However, while HPN can extend life, its long-term impact on patients” quality of
life (QoL) is complex and multidimensional. Factors such as reduced mobility due to
dependence on infusion equipment, increased social isolation, and the psychological
burden of managing a chronic condition all contribute to QoL challenges. Patients and
caregivers alike often face emotional and social difficulties, including anxiety, depression,
and the need for intensive support networks. For this reason, the integration of psychosocial
care and tailored patient education into HPN management has been suggested as essential
to maximize quality of life [4-8].

This review synthesizes findings from 34 studies, offering a comprehensive evaluation
of HPN's role in both survival and QoL outcomes. It identifies key clinical predictors that
influence HPN outcomes and addresses the diverse physical, social, and psychological
dimensions involved. By examining both the advantages and challenges of HPN, this
review seeks to provide a balanced perspective on its application in advanced disease
care and highlight strategies that may enhance patient and caregiver experiences with this
complex, yet essential, therapy.

2. Methodology

A comprehensive literature search was conducted in the PubMed, Medline, and
Cochrane databases, focusing on studies published from 2000 to 2024. Keywords included

a7 /a7 a7

“home parenteral nutrition”, “chronic intestinal failure”, “quality of life”, “survival”, “on-
cology”, “malignant bowel obstruction”, “nutrition”. The review included prospective and
retrospective cohort studies, systematic reviews, and randomized controlled trials. All the
studies meeting the above criteria have been included in this review. A total of 37 studies

were analyzed, with a primary focus on survival, QoL, and clinical predictors.

3. Impact of HPN on Survival

HPN has been shown to significantly prolong survival in patients with MBO and CIF.
Dzierzanowski and Sobocki found that patients receiving HPN for MBO had a median
survival of 89 days. Survival was closely linked to the patient’s performance status, with
those scoring ECOG 0 or 1 having better outcomes. Serum albumin levels and the presence
of water retention were also important prognostic factors [1].

Vashi et al. conducted a meta-analysis on patients with advanced cancer receiving
HPN and found that the median survival was extended to 83 days, with the greatest
benefit observed in patients who continued chemotherapy [2]. Similarly, Bozzetti et al.
demonstrated that HPN in conjunction with chemotherapy significantly improved survival
in cancer patients [3].

Naghibi et al. analyzed survival in patients with inoperable MBO and found that
HPN prolonged survival by an average of 83 days. These findings were consistent across
multiple studies, highlighting the role of HPN in stabilizing nutritional status and extending
survival [1-3,9].

Several studies, including Cotogni and Fu, also emphasized the critical role of
chemotherapy in improving survival. In their respective studies, patients receiving both
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chemotherapy and HPN experienced significantly longer survival compared to those who
discontinued chemotherapy [10,11].

4. Impact of HPN on Quality of Life

While HPN is beneficial for survival, its effect on QoL varies greatly depending on
several factors. Winkler et al. explored the QoL of patients on long-term HPN and found
that patients often experience reduced physical and emotional functioning. Common issues
include depression, dependence on caregivers, and disruption of social activities [4-6].

Sowerbutts et al. conducted a systematic review on the QoL of patients and care-
givers receiving HPN. Their findings indicated that the frequency of infusions significantly
impacted QoL, with fewer weekly infusions resulting in better physical and emotional
outcomes [12]. This was also supported by Stanner et al. and Jones et al., who found that
reducing infusion frequency improved overall well-being [7,13].

In pediatric populations, Tran et al. found that while HPN allowed children with
intestinal failure to remain at home, it also introduced significant challenges, including
dependency on caregivers and limitations in school attendance and social activities [14,15].
These findings were consistent across studies in both adult and pediatric populations, with
the overall burden of HPN posing a significant challenge to QoL [4-7,12].

Other study led by French et al., explored the benefits of supportive interventions,
such as telemedicine and psychological support, which helped improve patient satisfaction
with HPN and mitigate some of the psychosocial challenges [16].

Patients on HPN face complex challenges that affect both their mental and physical
well-being. Bond et al. emphasize that long-term HPN patients experience a high degree of
dependence on caregivers, which can limit independence, mobility, and overall freedom.
This reliance often results in social isolation and difficulties maintaining relationships and
social activities, impacting emotional well-being [17].

Ablett et al. add that patients frequently report feelings of loneliness and limited daily
life participation due to the rigid routines required by HPN. The structured nature of daily
infusions and medical protocols restricts patients” ability to travel, work, or engage in social
functions, which can lead to frustration and decreased life satisfaction [18].

Clement et al. extend this by noting that, while HPN improves clinical outcomes in
some patients, it may exacerbate social challenges, as patients feel physically constrained by
the need for regular infusions. For cancer patients, these limitations are often compounded
by the mental toll of their illness, potentially leading to depression or anxiety [19].

The psychological burden of HPN, therefore, emphasizes the need for integrated
psychosocial support, which can alleviate some emotional strain and improve coping
skills. As studies show, providing access to social workers, psychologists, and supportive
communities could positively influence the quality of life for HPN patients by fostering
resilience and offering practical assistance.

The use of HPN for terminally ill patients raises ethical questions, particularly when
treatment extends life without necessarily enhancing quality of life. Emanuel et al. discuss
the importance of respecting patient autonomy and wishes in HPN decision making. Since
HPN can be both a lifeline and a burden, it is crucial to assess whether treatment aligns
with the patient’s values and goals. In cases where HPN may prolong suffering, health
professionals are encouraged to adopt a patient-centered approach, weighing the benefits
against potential distress and preserving dignity. Additionally, ethical considerations
include transparent communication with patients and families regarding the potential
outcomes and limitations of HPN. Clinicians must carefully navigate the fine line between
offering life-sustaining care and avoiding unnecessary interventions that might lead to a
diminished quality of life [20].
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Ma et al. contributes a vital perspective by showing that HPN can sustain the quality
of life in patients with incurable gastric cancer undergoing salvage chemotherapy. In this
study, HPN helped maintain body weight, stabilized nutritional parameters (e.g., protein,
prealbumin, and cholesterol), and preserved global quality of life (QoL) scores comparable
to those in the control group. These findings suggest that HPN, when introduced early, can
support both nutritional health and QoL, even during aggressive treatments [21].

Bohnert et al. showed that while HPN contributes positively by stabilizing physical
health and nutritional status, it often restricts daily activities, leading to limited mobility
and dependence on structured routines. These limitations can contribute to feelings of
social isolation and frustration, as patients are often unable to fully participate in previously
enjoyed activities. This study highlights the dual effect of HPN, where physical benefits
are tempered by significant social impacts [22].

Reber et al. further underscore the need for comprehensive psychosocial support
in HPN care, showing that long-term HPN often leads to emotional distress and social
isolation. According to their study, patients frequently report feelings of loneliness and
emotional burden, indicating that HPN programs must incorporate access to social workers,
counseling, and community resources to help patients cope. This psychosocial support
could enhance resilience and provide a more balanced experience for individuals relying
on HPN [23].

In conclusion, these studies [22,23] collectively underscore the importance of address-
ing not only the physical health but also the emotional and social needs of HPN patients.
While HPN provides critical life-sustaining benefits, it is clear that a more integrated sup-
port system—including mental health resources and social support—can play a key role in
improving overall quality of life for patients.

Kirk et al. examined the perspectives of healthcare providers in the UK regarding
health-related quality of life (QoL) assessments for patients on HPN, highlighting both
the importance and challenges of implementing QoL evaluations. The study revealed that
although healthcare professionals recognize the value of assessing QoL to tailor care, routine
implementation of these assessments is limited, with inconsistencies in both frequency and
methodology across providers. This lack of standardized monitoring may lead to missed
opportunities for early intervention in addressing patient needs. It was suggested that
integrating regular, structured QoL assessments into HPN care would allow for a more
personalized approach, helping providers identify and respond to social, emotional, and
physical challenges faced by patients [24].

Hu et al. evaluated the quality of life (QoL) of adult patients on home parenteral
nutrition (HPN) in North East England and Cumbria. The authors used the HPN-QOL
(Home Parenteral Nutrition—Quality of Life) assessment tool, which measures various
aspects of functioning and symptoms that may affect patients” quality of life on long-term
HPN. Patients rated their ability to travel, physical functioning, employment, and sexual
function as poor. Fatigue emerged as a primary limiting factor, having a significant impact
on overall quality of life. The study also explored differences across age and gender. Male
patients reported better scores for nutritional intake and support from healthcare teams
but experienced more gastrointestinal symptoms. Patients over the age of 55 reported
lower employment scores and more frequent gastrointestinal issues. The study suggests
that QoL should be considered an integral part of clinical care for HPN patients, as many
face challenges that affect their daily functioning and life satisfaction. Addressing these
QoL factors may provide a more comprehensive and supportive approach to managing
long-term HPN [8].

The study by Saqui et al. evaluated the impact of transitioning from stationary to
portable infusion pumps on the QoL of HPN patients in Canada. It concludes that portable
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pumps offer significant QoL advantages over stationary models, particularly in reducing
sleep disruption, increasing social flexibility, and enhancing overall satisfaction. The
authors suggest that these QoL improvements justify the use of portable pumps for HPN
patients, as they offer a meaningful enhancement to daily life and independence [25].

5. Clinical Predictors of HPN Outcomes

Several clinical and laboratory markers have been identified as critical predictors of
HPN outcomes:

Performance status (ECOG): Numerous studies show that patients with an ECOG
score of 0 or 1 are more likely to benefit from HPN, while those with higher scores have
significantly shorter survival [1-3].

Serum albumin: Hypoalbuminemia (<2.5 g/dL) is consistently associated with poor
outcomes, indicating severe malnutrition [1,2].

Hemoglobin: Anemia, even in mild formes, is linked to reduced survival, making it a
key factor in determining patient eligibility for HPN [1,2].

Water retention: Patients with peripheral edema, ascites, or hydrothorax are less
likely to benefit from HPN, with studies showing a significantly shorter survival in these
populations [1].

Santarpia et al. examined predictive factors of survival in patients with MBO on
HPN. Their findings indicated that low serum albumin levels and severe malnutrition
were strongly associated with reduced survival. Patients with higher albumin levels
and better overall nutritional status (e.g., absence of edema and other complications)
demonstrated longer survival rates on HPN. This study emphasizes the importance of
regular nutritional assessments, as maintaining higher albumin levels appears to be a
critical factor for achieving better outcomes in patients on long-term HPN [26].

Ma et al. focused on identifying factors that predict survival in patients with incurable
gastric cancer receiving HPN. This study highlighted that patients with a better Eastern
Cooperative Oncology Group (ECOG) performance status (0-1), higher albumin levels, and
improved nitrogen balance had significantly longer survival compared to those with poor
ECOG scores and low albumin levels. The study underscores the importance of considering
ECOG status and serum albumin as essential indicators in patient selection for HPN, as
these parameters are closely associated with both survival and quality of life [21].

These findings contribute to a more comprehensive understanding of how specific clin-
ical indicators—particularly serum albumin levels, ECOG performance status, and overall
nutritional balance—impact the outcomes of patients on HPN. By closely monitoring these
factors, healthcare providers can better assess which patients are likely to benefit from HPN
and adjust treatment protocols to optimize results. Integrating such predictive markers
into HPN management plans can significantly enhance patient outcomes, especially for
those with advanced cancers and complex nutritional needs.

6. Clinical Outcomes of HPN

HPN has demonstrated substantial clinical benefits in stabilizing health, improving
survival outcomes, and maintaining nutritional status in patients with severe intestinal
failure and advanced cancer.

Pinto-Sanchez et al. focused on patients with short bowel syndrome (SBS) receiving
HPN, a population at high risk of malnutrition due to limited absorptive capacity. Their
study found that HPN significantly improved clinical outcomes, including stabilization of
body weight, BMI, and vital nutritional parameters. HPN also helped prevent hospitaliza-
tions related to malnutrition, showcasing its role in maintaining health and reducing the
need for acute medical interventions [27].
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Senesse et al. explored HPN's benefits in patients with advanced cancer and intestinal
failure. They observed that HPN not only improved nutritional status but also contributed
to increased survival and reduced malnutrition-related complications. Cancer patients
receiving HPN had greater tolerance to chemotherapy, suggesting that nutritional support
through HPN may enhance treatment efficacy and improve overall clinical outcomes in
oncology [28].

Cotogni et al. conducted a retrospective study on cancer patients receiving HPN,
noting that it significantly stabilized their nutritional status and provided key support
during cancer treatment. This study found that patients on HPN had fewer hospital
admissions for complications related to malnutrition and were better able to withstand the
side effects of intensive cancer therapies. These findings highlight HPN as an effective tool
in enhancing the resilience of cancer patients and helping them manage the challenges of
long-term treatment [10].

Bohnert et al. examined long-term clinical outcomes for patients on HPN, noting
significant improvements in both survival and overall health status. The study underscored
HPN’s role in preventing deterioration in severely malnourished patients, particularly
those with chronic or incurable conditions. By enabling patients to meet their nutritional
needs at home, HPN reduced the frequency of hospitalizations, thus improving quality of
life and allowing patients to remain in a more comfortable, familiar setting [22].

Reber et al. conducted a multicenter study that analyzed long-term HPN outcomes
across various patient groups. Their findings indicated that HPN contributed to a sustained
improvement in nutritional parameters, leading to better functional status and, in many
cases, extended survival. The study emphasized the importance of personalized HPN
protocols to address individual patient needs, optimizing both clinical outcomes and
patient satisfaction [23].

Collectively, these studies underscore the essential role of HPN in supporting patients
with complex nutritional requirements. For those with conditions such as SBS, advanced
cancer, or other forms of intestinal failure, HPN provides a stable, sustainable source
of nutrition, enhancing resilience, supporting treatment tolerability, and contributing to
prolonged survival. Through effective HPN management, patients not only experience
improved physical health but also gain greater independence and reduced reliance on
hospital-based care, significantly enhancing their overall clinical outcomes.

A study by Van Gossum analyzed clinical outcomes for patients receiving HPN
following bariatric surgery complications, such as anastomotic leaks, fistulas, severe protein
deficiency (hypoalbuminemia), and vitamin deficiencies. The findings highlight that while
HPN was effective in stabilizing nutritional status, it was primarily a temporary solution,
often used as a “bridge” therapy until further surgical interventions could be performed.

Key Results:

e A high rate of rehospitalization (58%) was observed among patients on HPN, under-
scoring the complex needs and challenges faced by this population.

e  Vascular complications, such as catheter-related issues, affected 41% of patients, indi-
cating a significant risk associated with long-term HPN in these cases.

The study concludes that HPN provides critical support for patients with severe nutri-
tional deficits due to postoperative complications; however, it is not without substantial
risks. These findings suggest that HPN should be carefully managed, with attention to
preventing complications and preparing for potential surgical solutions as patients stabilize.
This research underscores the importance of assessing each patient’s unique clinical factors,
such as protein deficiency and post-surgical complications, to optimize HPN outcomes and
anticipate possible rehospitalizations [29].
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Lezo et al. [30], in their paper, provide valuable insights into long-term outcomes and
the standard of care for pediatric patients on HPN due to CIF over a 28-year period in
an Italian reference center. It was found that the survival rate was high among pediatric
patients, with a notable percentage achieving enteral autonomy over time. For example,
74.5% of patients were weaned off HPN within two years, while dependence rates dropped
significantly over time. The study also showed a decrease in catheter-related bloodstream
infections (CRBSI) over the years, from 0.33 to 0.19 episodes per 1000 catheter days after
implementing a taurolidine lock solution in 2011. Although QoL was not formally mea-
sured, data indicated that 90% of patients attended school, and 81% could go on holidays
outside their region, with 48% participating in sports. Additionally, 67% of caregivers,
mostly mothers, remained employed, suggesting a well-managed daily life despite HPN
dependency. The study underscores the importance of standardized care protocols for
pediatric HPN patients with CIF, which contribute to high survival rates, reduced com-
plications, and improved quality of life. The data indicate that specialized HPN centers
with multidisciplinary teams are essential in managing CIF effectively and enhancing both
clinical and quality of life outcomes for pediatric patients.

Similar observations were made by Lowthian et al. and Meijerink et al. They postulate
for a re-evaluation of HPN management to prioritize quality of life outcomes, suggesting
that HPN care should go beyond merely sustaining life and instead focus on enhancing
overall well-being. This includes better patient education, enhanced social support, and
developing standardized outcome measures for quality of life to ensure that care aligns
with the needs and values of patients [31,32].

7. Role of Chemotherapy and Other Interventions

The continuation of chemotherapy is a key factor in improving outcomes for patients
on HPN. Dzierzanowski and Sobocki found that patients who continued chemotherapy
while receiving HPN had significantly higher survival rates compared to those who discon-
tinued chemotherapy [1]. Similarly, Cotogni and Dashti et al. emphasized the importance
of integrating HPN with chemotherapy to maximize survival [10,33,34].

Additionally, psychological support, as highlighted by Senesse et al., were found to
enhance QoL by providing additional resources for managing the challenges of HPN [28].

8. Limitations of Current Research and Future Directions

This review highlights the need for continued research on home parenteral nutrition
(HPN) to enhance patient selection, quality of life (QoL), and treatment efficacy. Future
studies should focus on:

1.  Standardized QoL Assessment—develop and validate HPN-specific QoL tools (e.g.,
HPN-QoL, SBS-QoL) to improve cross-study comparisons and patient care.

2. Personalized Patient Selection—use predictive models to refine selection criteria,
ensuring HPN benefits those most likely to improve.

3. Psychosocial Support—integrate telemedicine, support groups, and mental health
interventions to mitigate the emotional burden of HPN.

4. Optimized Infusion Schedules—explore cyclic HPN and portable infusion technolo-
gies to enhance mobility and daily functioning.

5. Long-Term Outcomes and Cost-Effectiveness—assess the economic impact, hospital-
izations, and alternatives like gut rehabilitation or intestinal transplantation.

6.  Oncology and Palliative Care Integration—determine HPN’s role in chemotherapy
support, ethical considerations, and criteria for discontinuation.

7. Technological Advancements—develop Al-driven monitoring, smart infusion sys-
tems, and personalized nutrition formulations for better patient outcomes.
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Future research should move beyond survival benefits, focusing on holistic patient
care, improved QoL, and innovative treatment approaches to make HPN a more effective
and sustainable therapy.

9. Conclusions

HPN is an indispensable intervention for patients with CIF and advanced cancers,
particularly those who face significant challenges in achieving adequate nutrition through
enteral feeding. This therapy provides critical nutritional support, helping to prevent mal-
nutrition and extend survival for patients in both palliative and supportive care settings.
Research consistently shows that HPN can stabilize or improve nutritional markers, such
as albumin and hemoglobin levels, which are strongly associated with better clinical out-
comes. For certain patients, especially those with favorable clinical indicators (e.g., ECOG
performance scores of 0-1), HPN can sustain health and quality of life while enhancing the
effectiveness of concurrent treatments like chemotherapy.

However, the impact of HPN on QoL remains multifaceted and often varies widely
across individuals. QoL is influenced not only by the physical aspects of HPN, such
as dependence on infusion devices and the risk of complications (e.g., catheter-related
infections), but also by significant psychosocial and lifestyle factors. Studies, including
those by Bohnert et al. [22] and Reber et al. [23] highlight challenges such as social isolation,
decreased mobility, and emotional burdens. These findings underscore the need for a
holistic approach to HPN, one that combines medical management with comprehensive
psychosocial support systems, including mental health services, social networks, and
educational resources for both patients and caregivers.

Key clinical predictors, including performance status, serum albumin levels, and the
presence of water retention, have emerged as crucial factors for assessing the suitability
and potential benefit of HPN. Patients who continue chemotherapy alongside HPN tend to
have better survival outcomes, suggesting that HPN may help sustain their tolerance to
aggressive cancer treatments.

Moving forward, a more personalized approach to HPN is essential, with ongoing
research aimed at refining patient selection criteria to ensure that those who are most likely
to benefit from HPN receive this support. Future studies should also explore the long-
term psychosocial effects of HPN on both patients and caregivers, focusing on strategies
to mitigate QoL challenges and improve patient satisfaction. Furthermore, advances in
portable infusion technology and integrated care models, as indicated by Jones et al. and
Hu et al. [8,13], have the potential to enhance patient autonomy and reduce the burden on
daily life, thereby fostering a better overall experience with HPN.

Moving forward, HPN research must shift from a survival-focused approach to
a patient-centered model that prioritizes personalized treatment, psychosocial well-
being, and technological innovations. By integrating advanced predictive analytics, QoL-
enhancing interventions, and ethical considerations, HPN can be optimized to not only
sustain life but also improve the overall well-being of patients.
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