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Abstract

Introduction and Objectives: Pressure injuries (PIs) are a significant issue for international healthcare systems. Particularly common
among older adults with reduced mobility, PIs represent a considerable socio-healthcare burden, which deeply impacts the psychological
well-being of patients. Malnutrition is one of the main risk factors for the development of Pls, as malnutrition hinders healing and
increases the risk of complications. For these reasons, implementing appropriate nutritional interventions, often underestimated in clinical
practice, is crucial to manage Pls effectively. This study primarily aimed to identify and synthesize the best scientific evidence on
nutritional interventions to prevent, facilitate, or improve the healing of PIs in an adult population. Additionally, both qualitative and
quantitative outcomes were analyzed. Methods: A narrative literature review was conducted using the PubMed—Medline, Scopus, and
Google Scholar databases to potentially include potential studies. The scientific validity of the study was ensured using the Scale for the
Assessment of Narrative Review Articles (SANRA) and the pre-registration of the OSF database was performed using the PICOS method,
which is employed in numerous studies of this type. Randomized controlled trials (RCTs) published within the last 10 years and in English
were included. Results: Out of the 1507 records identified, 8 RCTs were included, published between May 2014 and May 2023. One
study focused on patient education and self-care in nutrition related to PIs, while the remaining seven focused on intensive nutritional
interventions or the administration of dietary supplements to treat PIs directly. Positive therapeutic effects were observed using collagen
peptides, vitamin C, and arginine. Furthermore, the topical application of fish oil showed a protective effect. Conclusions: This study
found that targeted nutritional interventions have a direct positive impact on PIs and an indirect effect on care, reducing complications
and the duration of intensive care and healing times for PIs. Future systematic studies are recommended to broaden the understanding of
the studied care framework.
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1. Introduction a significant impact on individuals, communities, and the
healthcare system overall [3]. Their prevalence remains
alarmingly high, especially among people with chronic dis-
eases, often associated with aging [4-6], with approxi-
mately 3 million new cases worldwide each year [7]. Ac-
cording to recent reports, the global burden of PIs contin-
ues to rise, particularly in aging populations and those with
mobility impairments, making their prevention and treat-
ment a priority in healthcare settings [4,5]. In the United
States and Europe, prevalence ranges from 4.6% to 27%,

Pressure injuries (Pls) are localized damage to the skin
and underlying soft tissue usually over a bony prominence
or related to a medical or other device. The injury can
present as intact skin or an open ulcer and may be painful.
The injury occurs as a result of intense and/or prolonged
pressure or pressure in combination with shear. Tissue tol-
erance to pressure and shear may also be influenced by fac-
tors such as microclimate, nutrition, perfusion, comorbidi-
ties, and the condition of the soft tissue [1,2]. PIs have
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making PIs the third most costly pathological condition af-
ter cancer and cardiovascular diseases [8]. In the United
Kingdom, the estimated cost for the management and treat-
ment of PIs ranges from £1.4 to £2.1 billion ($1.75 to $2.63
billion USD) per year, representing 4% of total healthcare
expenditure, while in the United States, it reaches $1.6 bil-
lion [9]. These costs are expected to increase with the ris-
ing incidence of chronic diseases and the growing demand
for long-term care. These injuries not only cause physical
pain but also result in significant psychological distress, of-
ten associated with symptoms such as depression, anxiety,
insomnia, and fatigue [10]. In addition, PIs can lead to se-
rious complications, including infections and sepsis, which
further contribute to patient morbidity and healthcare costs.
Complementary approaches, such as yoga and mindfulness,
have been shown to alleviate these symptoms in patients
with chronic diseases [11]. Therefore, it is crucial to adopt
evidence-based prevention and treatment strategies that ad-
dress the triggers of Pls and alleviate their complications
on a broad scale [12]. One of the main risk factors for the
development of PIs is malnutrition [13,14], which includes
deficiencies, excesses, or imbalances in energy and/or nutri-
entintake [15]. Several studies have demonstrated that poor
nutritional status is directly associated with delayed wound
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healing and increased susceptibility to infections in patients
with PIs. Malnutrition impairs healing process by prolong-
ing the inflammatory phase, reducing fibroblast prolifer-
ation, and altering collagen synthesis [16]. Furthermore,
malnutrition is associated with the worsening of the over-
all clinical picture in several chronic diseases such as car-
diovascular diseases, hypertension, diabetes, obesity, de-
mentia, and respiratory conditions [17-20], as well as with
weakened immune response, thereby increasing the risk of
infections, as demonstrated during the recent COVID-19
pandemic [21]. Despite the growing body of evidence sup-
porting the role of nutrition in PIs prevention and treat-
ment, nutritional strategies remain underutilized in clini-
cal practice. Recent reviews, such as those by Munoz et
al. [22] and Langer et al. [23], have highlighted the effec-
tiveness of targeted nutritional interventions, yet gaps re-
main in their implementation and integration into standard
care. Consequently, managing PIs requires a multidimen-
sional and interdisciplinary approach involving physicians,
dietitians, nurses, and other healthcare professionals, inte-
grated within an evidence-based and best-practice frame-
work [24]. Proteins are essential for collagen synthesis,
which is vital for skin regeneration. A protein deficiency
slows tissue repair and reduces skin resistance to pressure
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Fig. 1. Summary of vitamins support for pressure injuries (PIs).
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Fig. 2. Nutrient-specific mechanistic pathways for PIs healing.

in chronic care in general [25]. Vitamin C, crucial for col-
lagen synthesis, and vitamin E, with its antioxidant prop-
erties, are important for skin protection and healing [26].
Minerals like zinc, which supports cellular regeneration,
and iron, essential for oxygen transport, are also key for
preventing and treating pressure ulcers [27]. Deficiencies
in these nutrients impair collagen synthesis and the body’s
ability to manage oxidative damage, slowing the healing
process (Fig. 1. and Fig. 2.) [25-27]. However, despite the
importance of nutrition for patient health and well-being,
it is rarely implemented in clinical practice. Healthcare
providers report limited nutritional education, highlighting
asignificant training gap [28]. Nutritional screening and as-
sessment tools, such as the Malnutrition Universal Screen-
ing Tool (MUST), should be used for all patients, especially
in communities where the prevalence of PIs is higher [29].
Specific nutritional interventions, such as energy-protein
support and supplementation with special amino acids like
L-arginine, zinc, and antioxidants, have been shown to be
effective in improving PIs healing [30]. The primary aim
of this study was to identify and integrate the best scientific
evidence on nutritional interventions that can prevent, facil-
itate or accelerate PIs healing in an adult population using
a narrative methodology [22,23]. Additionally, qualitative
and quantitative outcomes reported in the included studies
were analyzed.
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2. Materials and Methods
2.1 Study Design

This study employs a narrative review methodology,
supported by the Scale for the Assessment of Narrative Re-
view Articles (SANRA) qualitative support for conduction
[31] (SANRA checklist; Supplementary File 1), aiming to
provide a quantitative and qualitative synthesis of the exist-
ing literature on the relationship between nutrition and PIs
healing in an adult population.

2.2 Research Question Definition

The research questions that guided this narrative re-
view are as follows:

« In adult patients at risk of PIs, do specific nutritional
interventions, compared to no intervention or another inter-
vention, reduce the incidence of PIs?

* In adult patients with PIs, is the administration of
nutritional supplements, compared to no intervention or an-
other intervention, more effective in improving or healing
PIs?

This research was developed using the PICOS frame-
work [32], already established in previous studies [11,21,
33], to ensure a structured and scientifically valid approach
to the identified topic:

P (Population): Adult patients at risk of or with PIs
without a declared primary chronic condition;
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I (Intervention): nutritional intervention (nutritional
or educational support);

C (Comparison): no nutritional intervention or alter-
native intervention;

O (Outcome): qualitative and quantitative outcomes;

S (Study Type): Randomized Controlled Trial (RCT).

This review aimed to thoroughly examine the relation-
ships between nutrition and PIs healing to provide solid ev-
idence for clinical and public health practice in managing
this complication.

2.3 Inclusion Criteria and Screening

The study included a preliminary registration in the
OSF database with the code https://doi.org/10.17605/OSF.
IO/NGEZT. The search strategy was conducted using the
PubMed-Medline and Scopus databases, aiming to select
RCTs published in the last 10 years. After the initial search
to identify the total number of records, a blinded screen-
ing process was carried out independently by two review-
ers (GCan and FS). In case of disagreement between the
two, and to reach the necessary consensus for inclusion, a
third researcher (SM) was involved in the selection process.
EndNote 20 (© 2024 Clarivate, London, UK) [34] was used
for bibliographic management of the analyzed records, and
specific search strings were applied with Boolean operators
(Search Strategy: Supplementary File 2). Exclusion crite-
ria: all studies not aligned with the selected review model
(e.g., cohort studies), in incomplete editorial formats (such
as conferences and editorials), and that did not meet the PI-
COS framework selected and discussed in point 2.2 of this
manuscript.

2.4 Data Synthesis

The selected studies underwent a rigorous two-phase
analysis. Initially, they were categorized based on various
criteria: first author/period/location, cohort, intervention,
bias, and primary outcomes. This categorization ensured
a structured approach to synthesizing the identified liter-
ature. Subsequently, a comprehensive narrative synthesis
was conducted, integrating the results of the selected RCTs
and providing an overall perspective on the topic, while also
highlighting the unique features and complexities of each
included study.

2.5 Risk of Bias and Methodological Quality Assessment

The risk of bias and methodological quality of the
studies included in this review were independently assessed
by two researchers to ensure a comprehensive and objec-
tive evaluation. To achieve this, the researchers utilized
the Critical Appraisal Skills Programme (CASP) checklists
[35], which are widely recognized tools for assessing the
quality of both qualitative and quantitative studies. The use
of the CASP checklist allowed for a systematic examination
of key elements such as study design, methodology, sam-
ple size, data collection processes, and the validity of the

conclusions drawn. The assessment aimed to identify po-
tential sources of bias and limitations within the studies, en-
suring that the findings presented in the review were based
on high-quality, reliable evidence (Supplementary File 3).

3. Results

The search strategy yielded a total of 1507 records
from the PubMed-Medline and Scopus databases. After
removing 20 duplicates and excluding 1250 articles based
on title, 235 articles were selected for abstract screening.
Of these, 214 were deemed irrelevant. Subsequently, 23
full-text articles were evaluated for eligibility, and 15 were
excluded due to irrelevance or not meeting methodological
requirements. As a result, eight RCTs were included in the
final narrative review (Fig. 3, Table 1, Table 2 (Ref. [36—

437)).

Table 1. Characteristics of included studies.

Characteristic Frequency (n = 8) Percentage
Publication year
2023 2 25.0%
2021 1 12.5%
2017 1 12.5%
2016 2 25.0%
2015 1 12.5%
2014 1 12.5%
Cohort
EG 355 51.82%
CG 330 48.18%
Quality of studies
Positive 7 87.5%
Negative 0 0%
Unknowns 12.5%

CQG, control group; EG, experimental group.

3.1 Characteristics of Included Studies

Of'the 8 included RCTs [36—43], three were conducted
in Australia [37,40,41], and one each in Iran [36], Brazil
[38], Japan [39], Italy [42], and Singapore [43]. A total of
355 subjects were included in the experimental group (EG)
and 330 in the control group (CG). The largest experimental
cohort included 102 cases, while the smallest had 12. The
quality of the study design was high in 7 out of 8 studies,
with only one not reaching the same standard.

3.2 Results of Included Studies
3.2.1 Prevention of Pls

The analyzed studies emphasize how the integration
of topical and nutritional interventions plays a crucial role
in the prevention of Pls, highlighting both clinical efficacy
and improvement in patient conditions (Fig. 4.).
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Fig. 3. Prisma flow chart.

Sadeghi SS et al. [36] conducted a clinical study in-
volving 102 patients admitted to the Intensive Care Unit at
Besat Hospital (Iran), assigned to either the control group
(CG) (N = 31), the placebo group (N = 37), or the experi-
mental group (EG) (N = 34). Baseline data were collected
on demographics, clinical variables, level of consciousness,
Braden scale, and nutritional status. The intervention group
received topical fish oil (2 cc) applied to the sacrum daily
for 5 days, while the placebo group received soybean oil,
and the CG received routine care. Daily assessments of the
incidence of PIs were conducted for 6 days. Results showed
a significantly lower incidence of PIs in the fish oil group

&% IMR Press

compared to the control group (p = 0.023), demonstrating
the preventive efficacy of topical fish oil. Similarly, the
pilot study by Roberts S et al. [41] evaluated the effective-
ness of nutritional education in the prevention of Pls. Pa-
tients participated in nutritional self-care sessions and were
interviewed about the acceptability of the intervention. The
survey was conducted on 80 at-risk patients in 3 hospital
wards in Queensland, Australia, with a 3-day intervention.
The EG (n = 39) showed an improvement of 27% and 42%
in energy and protein requirements, compared to marginal
improvements (1% and 18%) observed in the CG (n = 41).
Recruitment and retention rates were high (81.6% and 87.5
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Table 2. Summary of included studies.

Author/Period/Location ~ Sample Main intervention Main biases Main results
Sadeghi SS et al. [36] 34 EG, 31 CG, 37 Topicaluseoffishoiltopre- Unclear randomization Higher risk of PIs in CG vs EG and placebo; EG 2.7 times lower (p = 0.023); placebo
2023/Iran Placebo group vent wounds 11.9 times lower (p = 0.132)

Banks MD et al. [37]
2023/Australia

Mehl AA et al. [38]
2021/Brazil

Yamanaka H et al. [39]
2017/Japan

Banks MD et al. [40]
2016/Australia
Robert S et al. [41]
2016/Australia

Cereda E et al. [42]
2015/1taly

Wong A et al. [43]
2014/Singapore

42 intensive intervention,

43 supplements 46 CG

15 EG, 15 CG

22 CP, 22 Arg, 22 CG

25 EG, 25 CG

39 EG, 41 CG

101 EG, 99 CG

12 EG, 14 CG

Intensive nutritional inter-
vention or with supplements
of Arg, VIT-C, and Zinc
Specialized ONS in EG;
standard ONS in CG

Standard care, with supple-

mentation of CP or Arg

Intensive nutritional care in
EG; standard care in CG
Education and participation

in nutritional self-care

Nutritional formula with
Arg, zinc, antioxidants in
EG; standard formula in CG
Mixture with amino acids in

EG; placebo in CG

Reduced sample, knowledge of the
intervention known to patients

Heterogeneous sample, short dura-
tion (4 weeks)

Reduced sample, stringent inclu-

sion/exclusion criteria

Assignment of notes to patients and
nurses, reduced sample

Exclusion of patients with cognitive
deficits or illiteracy; knowledge of
nutritional monitoring in the CG

Exclusion of normonutrient pa-
tients; inclusion only of patients
who can drink ONS

Heterogeneity of Pls, short study (2
weeks), small sample

91% enriched diet; only 26.7% and 33.6% meet energy/protein requirements; varia-
tions in PUSH score (—2.9 =+ 3.2) and reduction in PIs area (—0.75 cm?) in EG

Difference in percentage reduction of wound area: CG 34.0% =+ 32.1 vs EG 28.4%
=+ 32.0. Weekly growth of wound edge in EG: 1.85 mm (diabetics), 3.0 mm (non-
diabetics). Average reduction of the area of PIs: EG 15%, CG worsening by 1.8%
Improvement in DESIGN-R score for the CP group (10.9 4 4.5) vs CG (15.2 + 6.5)
after 2 weeks; significant improvement in final scores for the CP group (8.6 £ 6.2)
vs CG (13.9 £ 7.9) after 4 weeks

High correlation between intensive care and improvements in PUSH scores and in
the area of PIs

Satisfaction of: recruitment rates (81.6%), number of subjects who completed the
study (87.5%) and number of subjects who performed at least part of the intervention
(100%); energy/protein needs improved by 27% and 42% in EG vs 1% and 18% in
CG; no negative feedback

Reduction of PIs size by 60.9% in EG vs 45.2% in CG; complete healing better at 4
weeks in EG (16.9%) vs CG (9.7%)

Reduction of wound area by 37.5% in CG vs 27.5% in EG; decrease in PUSH scores
from 12.25 £+ 0.72 to 10.81 4 0.95 in EG after 1 week vs 10.63 £ 1.06 in CG after
2 weeks; significant improvement of vital tissues in EG (+43%) vs CG (25.9%)

EG, experimental group; CG, control group; ONS, Oral Nutritional Supplements; PIs, Pressure Injuries; PUSH, Pressure Ulcers Scale for Healing; CP, collagen peptide; VIT-C, Vitamin C; Arg, Arginine; DESIGN-

R, Depth, Exudate, Size, Inflammation/Infection, Granulation Tissue, Necrotic Tissue — rating score; p, p value.
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Fig. 4. Preventive nutritional interventions for PIs.

%, respectively), and 100% of participants took part in at
least part of the intervention. No negative feedback was
reported.

3.2.2 Care of PIs

Studies on the management of PIs highlight how spe-
cific nutritional interventions and personalized care pro-
grams can significantly improve healing processes. Various
strategies have been explored, ranging from intensive nutri-
tional regimens to enriched supplementation, all showing
promising outcomes.

In 2023, Banks MD et al. [37] conducted a multi-
center study at public and private hospitals in Australia. A
total of 131 malnourished adult patients with PIs were re-
cruited, followed for 14 days, and assigned to three groups:
CG (n = 46) with standard nutrition, intensive nutritional
intervention conducted by nutritionists and dietitians (n =
42), and enriched supplements with trace elements such as
Arginine (Arg), Vitamin C (VIT-C), and Zinc (n=43). The
majority (91%) received an enriched diet, but the estimated
energy/protein requirements were met by only 26.7% and
33.6%, respectively. There were changes in the Pressure
Ulcers Scale for Healing (PUSH) score in the intensive ex-
perimental group (—2.9 4+ 3.2) with an overall variation in
the area of the PIs (—0.75 cm?), demonstrating the potential
benefits of nutritional interventions for wound healing. De-
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spite this, no statistically significant differences were found
between the groups due to the low adherence (56%) of the
participants. Supporting this evidence, the study by Mehl
AA et al. (2021) [38] explored the impact of a specialized
oral supplement in an outpatient wound care center in Cu-
ritiba, Parand, Brazil. Thirty adult patients with difficult
wounds were recruited. In the experimental group (EG) (n
= 15), the intervention involved the administration of a spe-
cialized oral nutritional supplement (ONS) and the evalua-
tion of its effects on wound healing. In the CG (n = 15), a
standard ONS was administered. The patients were mon-
itored for 4 consecutive weeks. After 1 month, the per-
centage reduction in wound surface area was significant in
both groups (34.0 &+ 32.1 in the CG compared to 28.4 +
32.0 in the experimental group). The EG also showed a
significantly greater average weekly growth of the wound
edge in patients with diabetes compared to those without
chronic complications (3.0 mm and 1.85 mm, respectively).
Between the first and second week in the EG, there was a
performance peak (average rate of area reduction of 15%),
while in the CG, there was a deterioration of 1.8%. Fur-
ther confirmations come from the multicenter study by Ya-
manaka H et al. (2017) [39], conducted in 22 hospitals in
Japan, which evaluated the effectiveness of the collagen
peptide and Arg supplement. Sixty-six patients with Pls
were randomized into three groups: CG (n = 22) which in-
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volved standard care, with collagen peptide supplement (n
= 22), and with Arg supplement (n = 22) provided in the
form of a drink (125 mL). The effects on the healing of PIs
were analyzed for 4 weeks, and already after 2 weeks of
treatment, the total scores of the Depth, Exudate, Size, In-
flammation/Infection, Granulation Tissue, Necrotic Tissue
- rating score (DESIGN-R) of the group with collagen pep-
tide supplement (10.9 & 4.5) were significantly lower than
those in the CG (15.2 £ 6.5) during the same period. There
was no difference in scores in the Arg group compared to
those in the CG. After 4 weeks, the final scores of the group
supplemented with collagen peptides (8.6 + 6.2) were sig-
nificantly lower than the CG group (13.9 &+ 7.9). These re-
sults are consistent with the pilot study by Banks MD et al.
(2016) [40], which examined the effect of intensive nutri-
tional care in an Australian regional hospital. The objective
was to assess the feasibility of data collection on recruit-
ment, retention, intervention delivery, and outcome mea-
surement. Fifty adult patients with PIs were randomized to
receive intensive nutritional care in the EG (n = 25) or stan-
dard care in the CG (n = 25). Day 15 was deemed suitable
for outcome analysis. Early discharges reduced the num-
ber of participants (n = 31), necessitating a post-discharge
follow-up. PUSH scores and changes in the area of PIs were
strongly associated with intensive nutritional care, thus jus-
tifying its use. Given the small sample size, no significant
differences were found in the healing of PIs. Further sup-
porting this, the multicenter study by Cereda E ez al. (2015)
[42] demonstrated the effectiveness of enriched nutritional
formulas administered in Italian long-term care and home
care facilities. Two different oral hypercaloric/protein nu-
tritional formulas were administered to 200 patients for 8
weeks. The EG (n = 101) differed from the CG (n = 99)
by the addition of Arg, zinc, and antioxidants in the nutri-
tional formula. The EG achieved better results compared
to the CG, with an average reduction in PI size of 60.9%
and 45.2%, respectively. Furthermore, the EG showed a
significant effect on complete healing at 4 weeks (16.9% in
the EG compared to 9.7% in the CQG). Finally, Wong A et
al. (2014) [43] examined the effect of an amino acid mix-
ture on patients with PIs at Changi General Hospital, Sin-
gapore. Twenty-six patients with PIs were randomized into
two groups: CG (n = 14) which involved a placebo mix-
ture supplement and EG (n = 12) with an amino acid mix-
ture. The duration of the study was 2 weeks. In the CG,
the wound area was reduced by 37.5% compared to 27.5%
in the EG. In the EG, the PUSH scores significantly de-
creased after just 1 week (from 12.25 + 0.72 to 10.81 +
0.95), whereas in the CG, this occurred only after 2 weeks
(10.63 £ 1.06). However, the differences in scores between
the two groups were not significant. A notable finding of
the study was the significant improvement in the proportion
of viable tissues from baseline to the planned follow-up in
the EG (+43.1%) compared to the CG (25.9%).

4. Discussion

The review highlighted the crucial role of nutrition
in the management of PIs among adults, emphasizing that
targeted nutritional strategies can significantly enhance the
healing process. These approaches not only support tissue
repair but also help reduce the pain and discomfort associ-
ated with Pls, ultimately improving patients’ quality of life
[44,45]. Despite the growing body of evidence supporting
the efficacy of nutritional interventions, their implementa-
tion in routine clinical practice remains inconsistent. Barri-
ers such as limited awareness among healthcare profession-
als, inadequate training, and limited integration into clinical
guidelines hinder the widespread adoption of these strate-
gies. The emerging data confirm that adequate nutritional
interventions can positively impact tissue repair, reduc-
ing complications and accelerating recovery. Furthermore,
several international studies have demonstrated the effec-
tiveness of these interventions in the management of other
common chronic conditions, including type 2 diabetes, can-
cer, respiratory, hepatic, allergic, neurodegenerative, and
kidney diseases [46—54]. This suggests that a broader ap-
plication of nutritional strategies in chronic disease man-
agement could also enhance PI prevention and treatment.
Conversely, poor nutrition can promote the development of
such conditions. For example, it has been documented that
a high consumption of ultra-processed foods increases the
risk of developing diabetes by 31% [55]. A key aspect iden-
tified is the importance of nutritional education. Although
educational programs have been shown to be well-received
by patients, improving awareness regarding the prevention
of PIs [41], previous studies [53] indicate that nutritional
knowledge remains limited, even when patients benefit
from specific professional consultations. Munoz et al. [22]
and Langer ef al. [23] emphasized that while nutritional
interventions show clear benefits, their success largely de-
pends on patient adherence and healthcare provider engage-
ment. Therefore, educational strategies should not only tar-
get patients but also be incorporated into training programs
for nurses and clinicians to ensure better long-term imple-
mentation. Consequently, it is essential to implement inte-
grated educational strategies, also through digital platforms
and social media, to enhance nutritional literacy a promote
healthier behaviors [56—58]. The active participation of
the patient, promoting greater awareness of the link be-
tween nutrition and health, represents a fundamental lever
to improve therapeutic compliance and clinical outcomes
[59]. In this context, the adoption of artificial intelligence
(AI) could amplify the effectiveness of nutritional strate-
gies, offering personalized recommendations based on the
specific needs of the patient. However, its use raises legal
and ethical issues, requiring careful regulation, which is al-
ready common practice in numerous branches of medicine
for chronic diseases [60—62]. Recent advancements in Al-
driven nutritional guidance have demonstrated potential in
optimizing dietary interventions for chronic wound healing.
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Implementing Al-based decision-support systems in hospi-
tals and long-term care facilities could enhance the preci-
sion of nutritional plans and improve patient outcomes [57—
59]. Nevertheless, further research is needed to validate the
effectiveness of these approaches specifically in the context
of PIs. Another decisive element that emerged from the re-
view concerns the effectiveness of specific nutritional inter-
ventions compared to standard care. Recent studies [63—65]
confirm that the use of nutritional supplements, including
formulas enriched with proteins, micronutrients, and an-
tioxidants, plays a fundamental role in improving clinical
outcomes. For example, specialized ONS containing en-
ergy, proteins, and vitamins have been shown to accelerate
the healing process of PIs, with noticeable improvements
observed as early as two weeks from the start of treatment
[38]. Moreover, the use of these supplements in community
settings is associated with a significant reduction in com-
plications, such as infections, post-operative problems, and
insufficient healing [66]. However, it is important to note
that not all studies have demonstrated a direct causal link
between micronutrient supplementation and PI prevention.
Several studies have reported variable responses, highlight-
ing the need for personalized approaches that consider in-
dividual patient factors such as comorbidities, baseline nu-
tritional status, and severity of PIs [67,68]. The use of argi-
nine, zinc, and other micronutrients has been widely studied
and has proven promising in promoting wound repair [36—
40,42,43]. Arginine, for example, stimulates the synthesis
of proline and nitric oxide, both essential for tissue repair,
while zinc plays a key role in maintaining immune function
[69]. To strengthen the proposed mechanisms and reduce
the excessive reliance on correlational data, it is essential
to integrate translational evidence, such as in vitro collagen
synthesis assays, which can provide more concrete and di-
rect evidence of the biological pathways involved [70,71].
Furthermore, it is crucial to understand the underlying bi-
ological mechanisms that link nutrient status and intake to
pressure ulcer healing. Specific nutrients, such as arginine
and zinc, play a direct role in the biological processes in-
volved in tissue repair. Arginine, for instance, stimulates
the synthesis of proline and nitric oxide [72], two molecules
essential for wound healing. Zinc is critical for support-
ing immune function and regulating cellular metabolism
[73]. Additionally, vitamins, particularly vitamin C and vi-
tamin A, are vital for collagen synthesis and for modulating
the inflammatory response [74]. Although previous stud-
ies, have already demonstrated the positive effects of nutri-
tional interventions in PIs management [22,23] this review
adds value by offering a comprehensive synthesis of recent
clinical evidence with a particular focus on implementa-
tion challenges and future research directions. Unlike ear-
lier systematic reviews that primarily assessed efficacy, this
study highlights the barriers preventing nutritional strate-
gies from becoming standard practice in Pls care. Further-
more, it discusses the importance of interdisciplinary col-
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laboration and emerging technologies, such as Al and digi-
tal health tools, in optimizing nutritional interventions. By
emphasizing these aspects, our work contributes to bridg-
ing the gap between research findings and real-world clin-
ical application. However, some studies [67—71,75] have
not demonstrated a direct causal link between the intake of
these micronutrients and the prevention of Pls, suggesting
the need for further studies to clarify these associations. A
more standardized approach to nutritional supplementation
is also required to define optimal dosages and administra-
tion protocols tailored to PlIs patients. Future trials should
focus on defining the most effective combinations of nu-
trients and evaluating their long-term effects. In addition
to nutritional interventions, educational modalities play a
critical role in the management of Pls particularly in com-
munity setting [76—78]. Patient education on self-care prac-
tices, including proper nutrition, skin care, and reposition-
ing techniques, is essential for preventing and managing PIs
effectively [79,80] Studies have shown that well-structured
educational programs can empower patients to actively en-
gage in their care, improving compliance with nutritional
strategies and reducing the risk of complications [81,82].
Healthcare professionals, specially nurse, are key in de-
livering this education, ensuring that patients are equipped
with the necessary knowledge to optimize their healing pro-
cess and overall well-being [76—82].

4.1 Future Research Perspectives

There are several promising directions for future re-
search in the field of nutrition applied to the management
of PIs. For instance, Al and technological support in health-
care could be leveraged to generate personalized nutritional
recommendations. These technologies enable continuous
and real-time monitoring of patient needs. Moreover, the
advancement of digital nutrition platforms and social me-
dia opens new perspectives for developing more effective
methods of food promotion. Nutritional mobile apps, al-
ready successfully used in other conditions such as chronic
kidney disease, also show promise in the prevention of PIs
[83]. Additionally, future research should explore the cost-
effectiveness of large-scale nutritional interventions for PI
prevention. Economic analyses comparing standard wound
care with nutrition-focused strategies could provide valu-
able insights for policymakers and healthcare administra-
tors. Studies have confirmed the effectiveness of these
supports in improving patients’ motivation, self-efficacy,
knowledge, and attitudes, enhancing the therapeutic edu-
cation offered by healthcare professionals between clini-
cal and social care [84]. Another important research di-
rection involves evaluating the impact of interdisciplinary
collaboration in PI care. Integrating dietitians into wound
care teams could improve the identification of malnutrition-
related risks and ensure timely nutritional interventions. In-
terdisciplinary collaboration between nursing and engineer-
ing disciplines is crucial for the development of these inno-
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vative solutions, which not only improve patient outcomes
but also transform healthcare practice [85]. Finally, future
studies should investigate the potential benefits of specific
dietary patterns, such as the Mediterranean or high-protein
diets, in PI prevention and treatment. These approaches,
which have shown promising results in other chronic con-
ditions, could offer alternative, patient-friendly strategies
for PI management. It is essential to evaluate the long-
term effectiveness of such nutritional interventions to un-
derstand their impact on patients’ quality of life and health-
care costs. These advancements in research and implemen-
tation of healthcare technologies allow for the improvement
of therapeutic and preventive strategies, fostering a future
of excellence in global healthcare.

4.2 Limitations

This review presents some limitations that affect its
interpretation. Firstly, many of the included studies have
small sample sizes, which reduce the statistical power and
robustness of the results. Furthermore, the heterogene-
ity among patient groups, resulting from different comor-
bidities, makes direct comparison between studies difficult.
Factors such as short follow-up durations, often caused by
early patient discharge, also limit the ability to assess the
long-term effectiveness of interventions. Another critical
limitation is the marked heterogeneity in the demograph-
ics and clinical profiles of the included populations. The
analyzed studies involved diverse groups, including criti-
cally ill patients, individuals with diabetes, and elderly peo-
ple with varying degrees of frailty. For instance, Cereda
et al. [42] did not stratify patients based on diabetes sta-
tus, which may have influenced wound healing outcomes.
This variability hinders the generalizability of the results
and underscores and underscores the need for future trials to
adopt more standardized inclusion criteria and stratification
methods to improve comparability across studies. Addi-
tionally, the methodological quality of the included studies
was moderate, as reflected in the SANRA score score of 10
out of 12. A major concern was the lack of blinding in most
randomized controlled trials (7 out of 8), as highlighted in
the CASP Checklist (Supplementary File 3). This limita-
tion raises concerns about potential bias in outcome assess-
ment, especially when relying on subjective measures such
as wound healing scores. Furthermore, many studies failed
to report key statistical indicators, such as confidence inter-
vals, which weakens the reliability of the findings and lim-
its the generalizability of results. Another important limi-
tation concerns the incomplete reporting of critical parame-
ters in some studies, such as the exact dosage, duration, and
administration details of interventions like fish oil. These
omissions make it difficult to replicate the interventions or
apply them in clinical practice. Despite these limitations,
the main strength of this review lies in its rigorous and well-
structured methodological approach, which ensures a high
level of validity for a narrative review. Future research
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should adhere to more robust methodological and reporting
standards, such as the CONSORT guidelines, to improve
transparency, reproducibility, and clinical applicability.

5. Conclusions

This study provides an in-depth overview of the im-
portance of nutritional interventions in the management of
PIs in adults, an aspect often underestimated in routine clin-
ical practice. Nutritional education has proven essential in
improving patient engagement and promoting informed di-
etary choices, while nutritional supplements, aimed at tis-
sue repair, have shown a significant positive impact on
wound healing. The implementation of these strategies not
only optimizes clinical outcomes but also contributes to the
overall improvement of patient well-being, promoting more
effective integration within care pathways. However, the
collected data suggest the need for further research, espe-
cially regarding larger sample sizes and the analysis of the
long-term effectiveness of nutritional interventions. Future
studies should also explore the benefits derived from spe-
cific dietary patterns and evaluate the impact of nutritional
education by healthcare providers, particularly nurses, on
clinical outcomes. Moreover, it would be valuable to assess
the effectiveness of these interventions in high-risk popula-
tions, such as individuals in community or long-term care
settings, to determine their preventive impact in vulnerable
groups.

Availability of Data and Materials

The datasets used and analyzed during the current
study are available from Giovanni Cangelosi on reasonable
request.

Author Contributions

GCan, AA, GCag and FS designed the research study.
GCan, FS, SM, SMP and MS performed the research. FB
and SMP provided help and advice. GF and FB analyzed
the data. GCag, FS, SM, SMP, AA, FB and FP wrote
the manuscript. GCag FB, SMP, AA and FP supervi-
sion. GCan, AA, GCag, SM and FP responsability and
direction. All authors contributed to editorial changes in
the manuscript. All authors read and approved the final
manuscript. All authors have participated sufficiently in
the work and agreed to be accountable for all aspects of the
work.

Ethics Approval and Consent to Participate
Not applicable.

Acknowledgment
Not applicable.

Funding

This research received no external funding.

&% IMR Press


https://www.imrpress.com

Conflict of Interest

The authors declare no conflict of interest.

Supplementary Material

Supplementary material associated with this article

can be found, in the online version, at https://doi.org/10.
31083/1IJVNR36342.

References

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

European Pressure Injury Advisory Panel, National Pres-
sure Injury Advisory Panel, Pan Pacific Pressure Injury
Alliance. Prevention and Treatment of Pressure In-
juries:  The International Guideline 2019. Available at:
https://staticl.squarespace.com/static/6479484083027{25a
62461cb/t/6553d3440e18d57a550c4e7¢/1699992399539/CP
G2019edition-digital-Nov2023version.pdf (Accessed: 15
October 2024).

Edsberg LE, Black JM, Goldberg M, McNichol L, Moore
L, Sieggreen M. Revised National Pressure Ulcer Advisory
Panel Pressure Injury Staging System: Revised Pressure In-
jury Staging System. Journal of Wound, Ostomy, and Conti-
nence Nursing. 2016; 43: 585-597. https://doi.org/10.1097/WO
N.0000000000000281.

Heywood-Everett S, Henderson R, Webb C, Bland AR. Psy-
chosocial factors impacting community-based pressure ulcer
prevention: A systematic review. International Journal of Nurs-
ing Studies. 2023; 146: 104561. https://doi.org/10.1016/j.ijnurs
tu.2023.104561.

Li Z, Lin F, Thalib L, Chaboyer W. Global prevalence and inci-
dence of pressure injuries in hospitalised adult patients: A sys-
tematic review and meta-analysis. International Journal of Nurs-
ing Studies. 2020; 105: 103546. https://doi.org/10.1016/].ijnurs
tu.2020.103546.

Jaul E, Barron J, Rosenzweig JP, Menczel J. An overview of co-
morbidities and the development of pressure ulcers among older
adults. BMC Geriatrics. 2018; 18: 305. https://doi.org/10.1186/
s12877-018-0997-7.

Petrelli F, Cangelosi G, Nittari G, Pantanetti P, Debernardi G,
Scuri S, et al. Chronic Care Model in Italy: A narrative review
of the literature. Primary Health Care Research & Development.
2022; 22: ¢32. https://doi.org/10.1017/S1463423621000268.
Lee SB, Lee HY. Impact of pressure ulcer prevention knowl-
edge and attitude on the care performance of long-term care
facility care workers: a cross-sectional multicenter study.
BMC Geriatrics. 2022; 22: 988. https://doi.org/10.1186/
$12877-022-03702-3.

Fang W, Zhang Q, Chen Y, Qin W. Knowledge, attitude, and
practice of clinical nurses towards medical device-related pres-
sure injury prevention: A systematic review. Journal of Tissue
Viability. 2025; 34: 100838. https://doi.org/10.1016/j.jtv.2024.
12.002.

Saghaleini SH, Dehghan K, Shadvar K, Sanaie S, Mahmood-
poor A, Ostadi Z. Pressure Ulcer and Nutrition. Indian Journal
of Critical Care Medicine. 2018; 22: 283-289. https://doi.org/
10.4103/ijccm.IJCCM_277 17.

Kim J, Lyon D, Weaver MT, Keenan G, Chen XJ. The role of
psychological distress in the relationship between the severity of
pressure injury and pain intensity in hospitalized adults. Journal
of Advanced Nursing. 2019; 75: 1219-1228. https://doi.org/10.
1111/jan.13913.

Cangelosi G, Acito M, Grappasonni I, Nguyen CTT, Tesauro
M, Pantanetti P, ez al. Yoga or Mindfulness on Diabetes: Scop-
ing Review for Theoretical Experimental Framework. Annali Di

&% IMR Press

[2

—

[3

—

[14

[l

[15

[t

[16

[

[17

—

[18

[l

[19

—

[20]

[21

—

[22]

[23

—

[24

[l

[25

—

[26

—

Igiene: Medicina Preventiva E Di Comunita. 2024; 36: 153—
168. https://doi.org/10.7416/ai.2024.2600.

Afzali Borojeny L, Albatineh AN, Hasanpour Dehkordi A,
Ghanei Gheshlagh R. The Incidence of Pressure Ulcers and its
Associations in Different Wards of the Hospital: A Systematic
Review and Meta-Analysis. Int J Prev Med. 2020; 11: 171.
https://doi.org/10.4103/ijpvm.1IJPVM_182 19

Serpa LF, Oliveira AS, Nogueira PC, de Gouveia Santos VLC.
Risk for undernutrition and development of pressure injury in
hospitalised patients in Brazil: Multicentre prospective cohort
study. International Wound Journal. 2020; 17: 916-924. https:
//doi.org/10.1111/iwj.13352.

Alhaug J, Gay CL, Henriksen C, Lerdal A. Pressure ulcer is asso-
ciated with malnutrition as assessed by Nutritional Risk Screen-
ing (NRS 2002) in a mixed hospital population. Food & Nu-
trition Research. 2017; 61: 1324230. https://doi.org/10.1080/
16546628.2017.1324230.

World Health Organization (WHO). Malnutrition. 2024. Avail-
able at: https://www.who.int/news-room/questions-and-answe
rs/item/malnutrition (Accessed: 16 October 2024).

Tsaousi G, Stavrou G, Ioannidis A, Salonikidis S, Kotzampassi
K. Pressure ulcers and malnutrition: results from a snapshot
sampling in a university hospital. Medical Principles and Prac-
tice. 2015; 24: 11-16. https://doi.org/10.1159/000368360.
Stephenson SS, Guligowska A, Cieslak-Skubel A, Wojcik A,
Kravchenko G, Kostka T, et al. The Relationship between Nutri-
tional Risk and the Most Common Chronic Diseases in Hospital-
ized Geriatric Population from Central Poland. Nutrients. 2023;
15: 1612. https://doi.org/10.3390/nu15071612.

Mancin S, Khadhraoui S, Starace E, Cosmai S, Petrelli F,
Sguanci M, et al. Prevention and Management of Malnutrition in
Patients with Chronic Obstructive Pulmonary Disease: A Scop-
ing Review. Advances in Respiratory Medicine. 2024; 92: 356—
369. https://doi.org/10.3390/arm92050034.

Mancin S, Sguanci M, Andreoli D, Piredda M, De Marinis MG.
Nutritional assessment in acute stroke patients: A systematic re-
view of guidelines and systematic reviews. International Journal
of Nursing Studies. 2024; 158: 104859. https://doi.org/10.1016/
j-ijnurstu.2024.104859.

Saino Y, Wakabayashi H, Maeda K, Nishioka S, Hao T, Mi-
matsu K. Rehabilitation nutrition in pressure ulcer management
with type 2 diabetes: a case report. Asia Pacific Journal of Clin-
ical Nutrition. 2018; 27: 728-734. https://doi.org/10.6133/apjc
n.062017.05.

Cangelosi G, Palomares SM, Pantanetti P, De Luca A, Biondini
F, Nguyen CTT, et al. COVID-19, Nutrients and Lifestyle Eating
Behaviors: A Narrative Review. Diseases. 2024; 12: 193. https:
//doi.org/10.3390/diseases12080193.

Munoz N, Posthauer ME. Nutrition strategies for pressure in-
jury management: Implementing the 2019 International Clini-
cal Practice Guideline. Nutrition in Clinical Practice. 2022; 37:
567-582. https://doi.org/10.1002/ncp.10762.

Langer G, Wan CS, Fink A, Schwingshackl L, Schoberer D. Nu-
tritional interventions for preventing and treating pressure ul-
cers. The Cochrane Database of Systematic Reviews. 2024; 2:
CDO003216. https://doi.org/10.1002/14651858.CD003216.pub3.
Gupta P, Shiju S, Chacko G, Thomas M, Abas A, Savarimuthu
I, et al. A quality improvement programme to reduce hospital-
acquired pressure injuries. BMJ Open Quality. 2020; 9:
€000905. https://doi.org/10.1136/bmjoq-2019-000905.
Khajebishak Y, Alivand M, Faghfouri AH, Moludi J, Payahoo
L. The effects of vitamins and dietary pattern on epigenetic
modification of non-communicable diseases. International Jour-
nal for Vitamin and Nutrition Research. 2023; 93: 362-377.
https://doi.org/10.1024/0300-9831/a000735.

Wolters M, Hermann S, Hahn A. Effects of 6-month mul-
tivitamin supplementation on serum concentrations of alpha-

11


https://doi.org/10.31083/IJVNR36342
https://doi.org/10.31083/IJVNR36342
https://static1.squarespace.com/static/6479484083027f25a6246fcb/t/6553d3440e18d57a550c4e7e/1699992399539/CPG2019edition-digital-Nov2023version.pdf
https://static1.squarespace.com/static/6479484083027f25a6246fcb/t/6553d3440e18d57a550c4e7e/1699992399539/CPG2019edition-digital-Nov2023version.pdf
https://static1.squarespace.com/static/6479484083027f25a6246fcb/t/6553d3440e18d57a550c4e7e/1699992399539/CPG2019edition-digital-Nov2023version.pdf
https://doi.org/10.1097/WON.0000000000000281
https://doi.org/10.1097/WON.0000000000000281
https://doi.org/10.1016/j.ijnurstu.2023.104561
https://doi.org/10.1016/j.ijnurstu.2023.104561
https://doi.org/10.1016/j.ijnurstu.2020.103546
https://doi.org/10.1016/j.ijnurstu.2020.103546
https://doi.org/10.1186/s12877-018-0997-7
https://doi.org/10.1186/s12877-018-0997-7
https://doi.org/10.1017/S1463423621000268
https://doi.org/10.1186/s12877-022-03702-3
https://doi.org/10.1186/s12877-022-03702-3
https://doi.org/10.1016/j.jtv.2024.12.002
https://doi.org/10.1016/j.jtv.2024.12.002
https://doi.org/10.4103/ijccm.IJCCM_277_17
https://doi.org/10.4103/ijccm.IJCCM_277_17
https://doi.org/10.1111/jan.13913
https://doi.org/10.1111/jan.13913
https://doi.org/10.7416/ai.2024.2600
https://doi.org/10.4103/ijpvm.IJPVM_182_19
https://doi.org/10.1111/iwj.13352
https://doi.org/10.1111/iwj.13352
https://doi.org/10.1080/16546628.2017.1324230
https://doi.org/10.1080/16546628.2017.1324230
https://www.who.int/news-room/questions-and-answers/item/malnutrition
https://www.who.int/news-room/questions-and-answers/item/malnutrition
https://doi.org/10.1159/000368360
https://doi.org/10.3390/nu15071612
https://doi.org/10.3390/arm92050034
https://doi.org/10.1016/j.ijnurstu.2024.104859
https://doi.org/10.1016/j.ijnurstu.2024.104859
https://doi.org/10.6133/apjcn.062017.05
https://doi.org/10.6133/apjcn.062017.05
https://doi.org/10.3390/diseases12080193
https://doi.org/10.3390/diseases12080193
https://doi.org/10.1002/ncp.10762
https://doi.org/10.1002/14651858.CD003216.pub3
https://doi.org/10.1136/bmjoq-2019-000905
https://doi.org/10.1024/0300-9831/a000735
https://www.imrpress.com

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

12

tocopherol, beta-carotene, and vitamin C in healthy elderly
women. International Journal for Vitamin and Nutrition Re-
search. 2004; 74: 161-168. https://doi.org/10.1024/0300-9831.
74.2.161.

Elmadfa I, Meyer AL, Kuen T, Wagner K, Hasenegger V.
Zinc intake and status in Austria in the light of different refer-
ence values. International Journal for Vitamin and Nutrition Re-
search. 2017; 87: 169—178. https://doi.org/10.1024/0300-9831/
a000484.

Chao AM, Zhou Y, Wei X, Wisdom-Goulbourne T, Dowd M,
Compher C. Nutrition Education in Primary Care Adult and
Family Nurse Practitioner Programs. Nurse Educator. 2022; 47:
47-50. https://doi.org/10.1097/NNE.0000000000001050.
Ghaly P, Iliopoulos J, Ahmad M. The role of nutrition in wound
healing: an overview. British Journal of Nursing. 2021; 30:
S38-S42. https://doi.org/10.12968/bjon.2021.30.5.S38.

Eglseer D, H6dl M, Lohrmann C. Nutritional management of
older hospitalised patients with pressure injuries. International
Wound Journal. 2019; 16: 226-232. https://doi.org/10.1111/iw
j-13016.

Baethge C, Goldbeck-Wood S, Mertens S. SANRA-a scale for
the quality assessment of narrative review articles. Research In-
tegrity and Peer Review. 2019; 4: 5. https://doi.org/10.1186/
s41073-019-0064-8.

Amir-Behghadami M, Janati A. Population, Intervention, Com-
parison, Outcomes and Study (PICOS) design as a framework to
formulate eligibility criteria in systematic reviews. Emergency
Medicine Journal. 2020; 37: 387. https://doi.org/10.1136/emer
med-2020-209567.

Cangelosi G, Mancin S, Morales Palomares S, Pantanetti P,
Quinzi E, Debernardi G, ef al. Impact of School Nurse on Man-
aging Pediatric Type 1 Diabetes with Technological Devices
Support: A Systematic Review. Diseases. 2024; 12: 173. https:
//doi.org/10.3390/diseases12080173.

Sguanci M, Mancin S, Piredda M, De Marinis MG. Protocol for
conducting a systematic review on diagnostic accuracy in clin-
ical research. MethodsX. 2024; 12: 102569. https://doi.org/10.
1016/j.mex.2024.102569.

Critical Appraisal Skills Programme, CASP. 2024. Available at:
https://casp-uk.net/casp-tools-checklists/ (Accessed: 30 June
2024).

Sadeghi SS, Azami H, Borzou SR, Bashar FR, Tapak L, Haddadi
R. Evaluation of the effect of fish oil in the prevention of pres-
sure ulcers in patients admitted to the intensive care unit. Con-
temporary Clinical Trials Communications. 2023; 32: 101063.
https://doi.org/10.1016/j.conctc.2023.101063.

Banks MD, Webster J, Bauer J, Dwyer K, Pelecanos A, MacDer-
mott P, et al. Effect of supplements/intensive nutrition on pres-
sure ulcer healing: a multicentre, randomised controlled study.
Journal of Wound Care. 2023; 32: 292-300. https://doi.org/10.
12968/jowc.2023.32.5.292.

Mehl AA, Damido AO, Viana SD, Andretta CP. Hard-to-heal
wounds: a randomised trial of an oral proline-containing sup-
plement to aid repair. Journal of Wound Care. 2021; 30: 26-31.
https://doi.org/10.12968/jowc.2021.30.1.26.

Yamanaka H, Okada S, Sanada H. A Multicenter, Randomized,
Controlled Study of the Use of Nutritional Supplements Con-
taining Collagen Peptides to Facilitate the Healing of Pressure
Injuries. Journal of Nutrition & Intermediary Metabolism. 2017,
8: 51-59. https://doi.org/10.1016/j.jnim.2017.05.001.

Banks MD, Ross LJ, Webster J, Mudge A, Stankiewicz M,
Dwyer K, et al. Pressure ulcer healing with an intensive nutri-
tion intervention in an acute setting: a pilot randomised con-
trolled trial. Journal of Wound Care. 2016; 25: 384-392. https:
//doi.org/10.12968/jowc.2016.25.7.384.

Roberts S, Desbrow B, Chaboyer W. Feasibility of a patient-

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

centred nutrition intervention to improve oral intakes of pa-
tients at risk of pressure ulcer: a pilot randomised control trial.
Scandinavian Journal of Caring Sciences. 2016; 30: 271-280.
https://doi.org/10.1111/scs.12239.

Cereda E, Klersy C, Serioli M, Crespi A, D’ Andrea F, OligoEle-
ment Sore Trial Study Group. A nutritional formula enriched
with arginine, zinc, and antioxidants for the healing of pressure
ulcers: a randomized trial. Annals of Internal Medicine. 2015;
162: 167-174. https://doi.org/10.7326/M 14-0696.

Wong A, Chew A, Wang CM, Ong L, Zhang SH, Young S.
The use of a specialised amino acid mixture for pressure ul-
cers: a placebo-controlled trial. Journal of Wound Care. 2014;
23: 259-260, 262-264, 266-269. https://doi.org/10.12968/jowc
.2014.23.5.259.

Tschannen D, Anderson C. The pressure injury predictive
model: A framework for hospital-acquired pressure injuries.
Journal of Clinical Nursing. 2020; 29: 1398-1421. https://doi.
org/10.1111/joen.15171.

Santagostino AM, Cannizzaro D, Soekeland F, Mancin S, Maz-
zoleni B. Pain and Quality of Life in Patients Undergoing Lum-
bar Arthrodesis for Degenerative Spondylolisthesis: A System-
atic Review. World Neurosurgery. 2023; 177: 172-183. https:
//doi.org/10.1016/j.wneu.2023.06.047.

Petroni ML, Brodosi L, Marchignoli F, Sasdelli AS, Caraceni P,
Marchesini G, et al. Nutrition in Patients with Type 2 Diabetes:
Present Knowledge and Remaining Challenges. Nutrients. 2021;
13: 2748. https://doi.org/10.3390/nu13082748.

Narimatsu H, Yaguchi YT. The Role of Diet and Nutrition in
Cancer: Prevention, Treatment, and Survival. Nutrients. 2022;
14: 3329. https://doi.org/10.3390/nu14163329.

Beijers RIHCG, Steiner MC, Schols AMW!I. The role of diet and
nutrition in the management of COPD. European Respiratory
Review. 2023; 32: 230003. https://doi.org/10.1183/16000617.
0003-2023.

Di Renzo L, Gualtieri P, Frank G, De Lorenzo A. Nutrition for
Prevention and Control of Chronic Degenerative Diseases and
COVID-19. Nutrients. 2023; 15: 2253. https://doi.org/10.3390/
nul5102253.

Aller de la Fuente R. Nutrition and Chronic Liver Disease. Clin-
ical Drug Investigation. 2022; 42: 55-61. https://doi.org/10.
1007/s40261-022-01141-x.

Zhang P. The Role of Diet and Nutrition in Allergic Diseases.
Nutrients. 2023; 15: 3683. https://doi.org/10.3390/nul5173683.
Stefaniak O, Dobrzynska M, Drzymata-Czyz S, Przystawski J.
Diet in the Prevention of Alzheimer’s Disease: Current Knowl-
edge and Future Research Requirements. Nutrients. 2022; 14:
4564. https://doi.org/10.3390/nu14214564.

Di Renzo L, Gualtieri P, De Lorenzo A. Diet, Nutrition and
Chronic Degenerative Diseases. Nutrients. 2021; 13: 1372.
https://doi.org/10.3390/nu13041372.

Hanna RM, Ghobry L, Wassef O, Rhee CM, Kalantar-Zadeh K.
A Practical Approach to Nutrition, Protein-Energy Wasting, Sar-
copenia, and Cachexia in Patients with Chronic Kidney Disease.
Blood Purification. 2020; 49: 202-211. https://doi.org/10.1159/
000504240.

Delpino FM, Figueiredo LM, Bielemann RM, da Silva BGC,
Dos Santos FS, Mintem GC, et al. Ultra-processed food and risk
of type 2 diabetes: a systematic review and meta-analysis of lon-
gitudinal studies. International Journal of Epidemiology. 2022;
51: 1120-1141. https://doi.org/10.1093/ije/dyab247.

Roberts S, Desbrow B, Chaboyer W. Patient perceptions of the
role of nutrition for pressure ulcer prevention in hospital: an in-
terpretive study. Journal of Wound, Ostomy, and Continence
Nursing. 2014; 41: 528-534; quiz E1-E2. https://doi.org/10.
1097/WON.0000000000000072.

Silva P, Aratijo R, Lopes F, Ray S. Nutrition and Food Literacy:

&% IMR Press


https://doi.org/10.1024/0300-9831.74.2.161
https://doi.org/10.1024/0300-9831.74.2.161
https://doi.org/10.1024/0300-9831/a000484
https://doi.org/10.1024/0300-9831/a000484
https://doi.org/10.1097/NNE.0000000000001050
https://doi.org/10.12968/bjon.2021.30.5.S38
https://doi.org/10.1111/iwj.13016
https://doi.org/10.1111/iwj.13016
https://doi.org/10.1186/s41073-019-0064-8
https://doi.org/10.1186/s41073-019-0064-8
https://doi.org/10.1136/emermed-2020-209567
https://doi.org/10.1136/emermed-2020-209567
https://doi.org/10.3390/diseases12080173
https://doi.org/10.3390/diseases12080173
https://doi.org/10.1016/j.mex.2024.102569
https://doi.org/10.1016/j.mex.2024.102569
https://casp-uk.net/casp-tools-checklists/
https://doi.org/10.1016/j.conctc.2023.101063
https://doi.org/10.12968/jowc.2023.32.5.292
https://doi.org/10.12968/jowc.2023.32.5.292
https://doi.org/10.12968/jowc.2021.30.1.26
https://doi.org/10.1016/j.jnim.2017.05.001
https://doi.org/10.12968/jowc.2016.25.7.384
https://doi.org/10.12968/jowc.2016.25.7.384
https://doi.org/10.1111/scs.12239
https://doi.org/10.7326/M14-0696
https://doi.org/10.12968/jowc.2014.23.5.259
https://doi.org/10.12968/jowc.2014.23.5.259
https://doi.org/10.1111/jocn.15171
https://doi.org/10.1111/jocn.15171
https://doi.org/10.1016/j.wneu.2023.06.047
https://doi.org/10.1016/j.wneu.2023.06.047
https://doi.org/10.3390/nu13082748
https://doi.org/10.3390/nu14163329
https://doi.org/10.1183/16000617.0003-2023
https://doi.org/10.1183/16000617.0003-2023
https://doi.org/10.3390/nu15102253
https://doi.org/10.3390/nu15102253
https://doi.org/10.1007/s40261-022-01141-x
https://doi.org/10.1007/s40261-022-01141-x
https://doi.org/10.3390/nu15173683
https://doi.org/10.3390/nu14214564
https://doi.org/10.3390/nu13041372
https://doi.org/10.1159/000504240
https://doi.org/10.1159/000504240
https://doi.org/10.1093/ije/dyab247
https://doi.org/10.1097/WON.0000000000000072
https://doi.org/10.1097/WON.0000000000000072
https://www.imrpress.com

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

Framing the Challenges to Health Communication. Nutrients.
2023; 15: 4708. https://doi.org/10.3390/nu15224708.
Chirumamilla S, Gulati M. Patient Education and Engage-
ment through Social Media. Current Cardiology Reviews.
2021;  17: 137-143.  https://doi.org/10.2174/1573403X
15666191120115107.

Kylén M, Schon UK, Pessah-Rasmussen H, Elf M. Patient Par-
ticipation and the Environment: A Scoping Review of Instru-
ments. International Journal of Environmental Research and
Public Health. 2022; 19: 2003. https://doi.org/10.3390/ijerph
19042003.

Alowais SA, Alghamdi SS, Alsuhebany N, Algahtani T, Al-
shaya Al, Almohareb SN, et al. Revolutionizing healthcare:
the role of artificial intelligence in clinical practice. BMC
Medical Education. 2023; 23: 689. https://doi.org/10.1186/
512909-023-04698-z.

Yin J, Ngiam KY, Teo HH. Role of Artificial Intelligence Ap-
plications in Real-Life Clinical Practice: Systematic Review.
Journal of Medical Internet Research. 2021; 23: ¢25759. https:
//doi.org/10.2196/25759.

Lam TYT, Cheung MFK, Munro YL, Lim KM, Shung D, Sung
JJY. Randomized Controlled Trials of Artificial Intelligence in
Clinical Practice: Systematic Review. Journal of Medical Inter-
net Research. 2022; 24: ¢37188. https://doi.org/10.2196/37188.
Quain AM, Khardori NM. Nutrition in Wound Care Manage-
ment: A Comprehensive Overview. Wounds. 2015; 27: 327-
335.

Heintschel M, Heuberger R. The Potential Role of Zinc Supple-
mentation on Pressure Injury Healing in Older Adults: A Review
of the Literature. Wounds. 2017; 29: 56-61.

Cheshmeh S, Hojati N, Mohammadi A, Rahmani N, Moradi S,
Pasdar Y, et al. The use of oral and enteral tube-fed arginine
supplementation in pressure injury care: A systematic review
and meta-analysis. Nursing Open. 2022; 9: 2552-2561. https:
//doi.org/10.1002/n0p2.974.

Cawood AL, Burden ST, Smith T, Stratton RJ. A systematic re-
view and meta-analysis of the effects of community use of oral
nutritional supplements on clinical outcomes. Ageing Research
Reviews. 2023; 88: 101953. https://doi.org/10.1016/j.arr.2023.
101953.

Martinez Garcia RM, Fuentes Chacon RM, Lorenzo Mora AM,
Ortega Anta RM. Nutrition in the prevention and healing of
chronic wounds. Importance in improving the diabetic foot. Nu-
tricion Hospitalaria. 2021; 38: 60—63. https://doi.org/10.20960/
nh.03800. (In Spanish)

Martinez-Puig D, Costa-Larrion E, Rubio-Rodriguez N, Galvez-
Martin P. Collagen Supplementation for Joint Health: The
Link between Composition and Scientific Knowledge. Nutri-
ents. 2023; 15: 1332. https://doi.org/10.3390/nul5061332.
Song YP, Wang L, Yu HR, Yuan BF, Shen HW, Du L, ef al.
Zinc Therapy Is a Reasonable Choice for Patients With Pressure
Injuries: A Systematic Review and Meta-Analysis. Nutrition in
Clinical Practice. 2020; 35: 1001-1009. https://doi.org/10.1002/
ncp.10485.

Jin C, Zhao R, Hu W, Wu X, Zhou L, Shan L, et al. Topical
hADSCs-HA Gel Promotes Skin Regeneration and Angiogen-
esis in Pressure Ulcers by Paracrine Activating PPARS/5 Path-
way. Drug Design, Development and Therapy. 2024; 18: 4799—
4824. https://doi.org/10.2147/DDDT.S474628.

Xin Y, Xu P, Wang X, Chen Y, Zhang Z, Zhang Y. Hu-
man foreskin-derived dermal stem/progenitor cell-conditioned
medium combined with hyaluronic acid promotes extracellu-
lar matrix regeneration in diabetic wounds. Stem Cell Re-
search & Therapy. 2021; 12: 49. https://doi.org/10.1186/

&% IMR Press

[74]

[75]

[76]

[77]

[78]

[79]

[80]

(81]

(82]

[83]

[84]

[85]

s13287-020-02116-5.

Fung TS, Ryu KW, Thompson CB. Arginine: at the crossroads
of nitrogen metabolism. The EMBO Journal. 2025; 44: 1275-

1293. https://doi.org/10.1038/s44318-025-00379-3.

Chen B, Yu P, Chan WN, Xie F, Zhang Y, Liang L, et al.
Cellular zinc metabolism and zinc signaling: from biological
functions to diseases and therapeutic targets. Signal Transduc-
tion and Targeted Therapy. 2024; 9: 6. https://doi.org/10.1038/
s41392-023-01679-y.

DePhillipo NN, Aman ZS, Kennedy MI, Begley JP, Moatshe
G, LaPrade RF. Efficacy of Vitamin C Supplementation on
Collagen Synthesis and Oxidative Stress After Musculoskele-
tal Injuries: A Systematic Review. Orthopaedic Journal of
Sports Medicine. 2018; 6: 2325967118804544. https://doi.org/
10.1177/2325967118804544.

Huang Y, Shang S, Du H. Causal association of micronutrients
and supplements with pressure ulcer: A Mendelian randomiza-
tion study. Skin Research and Technology. 2024; 30: ¢13904.
https://doi.org/10.1111/srt.13904.

Kandula UR. Impact of multifaceted interventions on pressure
injury prevention: a systematic review. BMC Nursing. 2025; 24:
11. https://doi.org/10.1186/s12912-024-02558-9.

Cangelosi G, Sacchini F, Biondini F, Mancin S, Morales Palo-
mares S, Ferrara G, et al. Nutritional Support in the Preven-
tion and Treatment of Pressure Ulcers in Healthy Aging: A
Systematic Review of Nursing Interventions in Community
Care. Geriatrics. 2025; 10: 17. https://doi.org/10.3390/geriatri
¢s10010017.

Visconti AJ, Sola OI, Raghavan PV. Pressure Injuries: Preven-
tion, Evaluation, and Management. American Family Physician.
2023; 108: 166—-174.

Callender LF, Johnson AL, Pignataro RM. Patient-Centered Ed-
ucation in Wound Management: Improving Outcomes and Ad-
herence. Advances in Skin & Wound Care. 2021; 34: 403-410.
https://doi.org/10.1097/01. ASW.0000753256.29578.6c.
Boersema GC, Smart H, Giaquinto-Cilliers MGC, Mulder M,
Weir GR, Bruwer FA, et al. Management of Nonhealable and
Maintenance Wounds: A Systematic Integrative Review and Re-
ferral Pathway. Advances in Skin & Wound Care. 2021; 34: 11—
22. https://doi.org/10.1097/01.ASW.0000722740.93179.91.
Bhattad PB, Pacifico L. Empowering Patients: Promoting Pa-
tient Education and Health Literacy. Cureus. 2022; 14: ¢27336.
https://doi.org/10.7759/cureus.27336.

Portela Dos Santos O, Melly P, Hilfiker R, Giacomino K, Per-
ruchoud E, Verloo H, et al. Effectiveness of Educational Inter-
ventions to Increase Skills in Evidence-Based Practice among
Nurses: The EDITcare Systematic Review. Healthcare. 2022;
10: 2204. https://doi.org/10.3390/healthcare10112204.
Palmisano A, Angileri S, Soekeland F, Gazineo D, Godino L,
Savini S, et al. Chronic kidney disease and mobile health: qual-
ity of renal nutritional APPs in Italy. Acta Bio-Medica: Atenei
Parmensis. 2023; 94: €2023169. https://doi.org/10.23750/abm.
v94i4.14576.

Scuri S, Tesauro M, Petrelli F, Argento N, Damasco G, Can-
gelosi G, et al. Use of an Online Platform to Evaluate the Impact
of Social Distancing Measures on Psycho-Physical Well-Being
in the COVID-19 Era. International Journal of Environmental
Research and Public Health. 2022; 19: 6805. https://doi.org/10.
3390/ijerph19116805.

Sguanci M, Mancin S, Piredda M, Cordella F, Tagliamonte NL,
Zollo L, et al. Nursing-engineering interdisciplinary research:
A synthesis of methodological approach to perform healthcare-
technology integrated projects. MethodsX. 2023; 12: 102525.
https://doi.org/10.1016/j.mex.2023.102525.

13


https://doi.org/10.3390/nu15224708
https://doi.org/10.2174/1573403X15666191120115107
https://doi.org/10.2174/1573403X15666191120115107
https://doi.org/10.3390/ijerph19042003
https://doi.org/10.3390/ijerph19042003
https://doi.org/10.1186/s12909-023-04698-z
https://doi.org/10.1186/s12909-023-04698-z
https://doi.org/10.2196/25759
https://doi.org/10.2196/25759
https://doi.org/10.2196/37188
https://doi.org/10.1002/nop2.974
https://doi.org/10.1002/nop2.974
https://doi.org/10.1016/j.arr.2023.101953
https://doi.org/10.1016/j.arr.2023.101953
https://doi.org/10.20960/nh.03800
https://doi.org/10.20960/nh.03800
https://doi.org/10.3390/nu15061332
https://doi.org/10.1002/ncp.10485
https://doi.org/10.1002/ncp.10485
https://doi.org/10.2147/DDDT.S474628
https://doi.org/10.1186/s13287-020-02116-5
https://doi.org/10.1186/s13287-020-02116-5
https://doi.org/10.1038/s44318-025-00379-3
https://doi.org/10.1038/s41392-023-01679-y
https://doi.org/10.1038/s41392-023-01679-y
https://doi.org/10.1177/2325967118804544
https://doi.org/10.1177/2325967118804544
https://doi.org/10.1111/srt.13904
https://doi.org/10.1186/s12912-024-02558-9
https://doi.org/10.3390/geriatrics10010017
https://doi.org/10.3390/geriatrics10010017
https://doi.org/10.1097/01.ASW.0000753256.29578.6c
https://doi.org/10.1097/01.ASW.0000722740.93179.9f
https://doi.org/10.7759/cureus.27336
https://doi.org/10.3390/healthcare10112204
https://doi.org/10.23750/abm.v94i4.14576
https://doi.org/10.23750/abm.v94i4.14576
https://doi.org/10.3390/ijerph19116805
https://doi.org/10.3390/ijerph19116805
https://doi.org/10.1016/j.mex.2023.102525
https://www.imrpress.com

	1. Introduction
	2. Materials and Methods
	2.1 Study Design
	2.2 Research Question Definition
	2.3 Inclusion Criteria and Screening
	2.4 Data Synthesis
	2.5 Risk of Bias and Methodological Quality Assessment

	3. Results
	3.1 Characteristics of Included Studies
	3.2 Results of Included Studies
	3.2.1 Prevention of PIs
	3.2.2 Care of PIs


	4. Discussion
	4.1 Future Research Perspectives
	4.2 Limitations

	5. Conclusions
	Availability of Data and Materials
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest
	Supplementary Material

