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Background: While current wound treatment strategies often fo-
cus on antimicrobials and topical agents, the role of nutrition in
wound healing and aesthetic outcomes is crucial but frequently
overlooked. This review assesses the impact of specific nutrients
and preoperative nutritional status on surgical outcomes.

Methods: A comprehensive search was conducted in PubMed, Sco-
pus, Web of Science, and the Cochrane Library, from the inception
of the study to October 2023. The study focused on the influence
of macronutrients and micronutrients on aesthetic outcomes, the
optimization of preoperative nutritional status, and the association
between nutritional status and postoperative complications. Inclu-
sion criteria were English language peer-reviewed articles, system-
atic reviews, meta-analyses, and clinical trials related to the impact
of nutrition on skin wound healing and aesthetic outcomes. Exclu-
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sion criteria included non-English publications, non-peer-reviewed
articles, opinion pieces, and animal studies.
Results: Omega-3 fatty acids and specific amino acids were linked
to enhanced wound-healing and immune function. Vitamins A, B,
and C and zinc positively influenced healing stages, while vitamin
E showed variable results. Polyphenolic compounds showed anti-
inflammatory effects beneficial for recovery. Malnutrition was as-
sociated with increased postoperative complications and infections,
whereas preoperative nutritional support correlated with reduced
hospital stays and complications.
Conclusion: Personalized nutritional plans are essential in surgi-
cal care, particularly for enhanced recovery after surgery proto-
cols. Despite the demonstrated benefits of certain nutrients, gaps
in research, particularly regarding elements such as iron, necessi-
tate further studies. Nutritional assessments and interventions are
vital for optimal preoperative care, underscoring the need for more
comprehensive guidelines and research in nutritional management
for surgical patients.
© 2024 The Author(s). Published by Elsevier Ltd on behalf of
British Association of Plastic, Reconstructive and Aesthetic
Surgeons.
This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/)

Introduction

Wound healing is an energy-intensive process, requiring an array of macronutrients and micronu-
trients to restore skin integrity efficiently.! Macronutrients, including carbohydrates, fats, proteins, and
fluids, along with micronutrients, such as vitamins and minerals, collectively orchestrate the seamless
progression of wound healing (Figure 1).2 The caloric demands for protein synthesis, a cornerstone in
forming granulation tissue, underscore the heightened nutritional requirements during the reparative
phases.* The impact of nutrition on the aesthetic outcomes of wound healing is substantial, an appro-
priate supply of nutrients is crucial for reducing scar formation and supporting the intricate process of
skin remodeling. While minor wounds may not significantly tax the nutritional reserves of the body,
larger wounds, particularly extensive thermal burns, can precipitate a considerable nutritional deficit,
further compounded by perioperative fasting protocols that may disrupt the timely resumption of diet
that is critical for recovery.”~’

Tight glycemic regulation is a crucial aspect in optimizing wound healing, with uncontrolled hy-
perglycemia known to impede fibroblast and endothelial cell functions, particularly in patients with
diabetes.® The historical context of vitamins, such as vitamin C and its association with scurvy, elu-
cidates their role as a co-substrate for hydroxylase enzymes imperative for collagen synthesis®. Simi-
larly, vitamin A and zinc have been recognized for their contributions to epithelial growth, angiogen-
esis, collagen synthesis, wound strength, and epithelization. Yet, the efficacy of supplementation in
patients with apparent nutritional deficiencies remains contentious.

Beyond nutritional elements, lifestyle factors, such as smoking and alcohol consumption, are in-
creasingly being acknowledged for their detrimental effects on wound healing.'® Smoking with its
plethora of harmful substances, notably nicotine, induces vasoconstriction and disrupts microcircula-
tion, thereby impairing wound healing.!® The inhibition of cellular migration and neutrophil activity
during the inflammatory phase further exacerbates wound complications in smokers compared with
that in nonsmokers. Likewise, the consumption of alcohol, including chronic abuse and acute intox-
ication, has been linked to an elevated incidence of surgical wound infections and impaired wound
healing.'®
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Figure 1. Factors that potentially influence wound healing and aesthetic outcomes.

This comprehensive narrative review aims to dissect the complexities of nutritional contributions
to skin wound healing and their subsequent impact on aesthetic outcomes. By amalgamating existing
scientific literature with novel insights, we aspire to furnish a detailed narrative that elucidates the
multifaceted interplay between nutrition, lifestyle factors, and skin repair mechanisms. The objective
is to enlighten medical practitioners, especially in the field of aesthetic medicine, with an evidence-
based framework to optimize nutritional strategies, enhance surgical outcomes, and promote effica-
cious wound healing.

Methods

PubMed, Web of Science, EMBASE, Scopus, and the Cochrane Library databases were searched
from the inception of this study until October 2023 by two independent authors (IS and BL). The
search keywords and phrases used were “nutrition,” “wound healing,” “skin,” “aesthetic outcomes,”
“diet,” “macronutrients,” “micronutrients,” “vitamins,” “minerals,” “smoking,” and “alcohol.” References
of previous reviews and included studies were screened for any additional studies. The inclusion crite-
ria consisted of English language articles, peer-reviewed original research articles, systematic reviews,
meta-analyses, clinical trials, studies that specifically address the impact of nutrition (macronutri-
ents, micronutrients, and supplementation) on skin wound healing, studies that investigate the role
of lifestyle factors (smoking, alcohol) on wound healing and aesthetic outcomes, and studies involving
human participants of any age, sex, and ethnicity. The exclusion criteria were articles not published
in English, non-peer-reviewed literature, opinion pieces, editorials, letters to the editor, studies not di-
rectly related to nutrition and skin wound healing or aesthetic outcomes, and animal model studies.

Owing to the nature of this study’s design (narrative review), ethical approval was not required.
Academy of Nutrition and Dietetics narrative review checklist was strictly adhered to (https://www.
elsevier.com/__data/promis_misc/ANDJ%20Narrative%20Review?%20Checklist.pdf).

” o« ” o«
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293


https://www.elsevier.com/__data/promis_misc/ANDJ%20Narrative%20Review%20Checklist.pdf

L Seth, B. Lim, J. Cevik et al. JPRAS Open 39 (2024) 291-302
Results
Essential nutrients for patients undergoing cosmetic treatments

Nutritional status, a product of nutrient intake, absorption, and utilization, holds a pivotal role in
an individual’s overall health. A robust link exists between well-being and adherence to a balanced
diet, an understanding that has been well-established in contemporary research.!’-'? Recognizing this,
the early involvement of dietary teams alongside the surgical team is crucial to optimize nutritional
care for pre-surgical patients to optimize their surgical course and postoperative recovery.'> This prin-
ciple extends to those undergoing minimally invasive and aesthetic procedures, emphasizing the im-
portance of nutritional screening and assessments to preemptively identify, address, and prevent mal-
nutrition of any form prior to surgery.'*-'® Ensuring an adequate intake of all essential nutrients is
therefore paramount to enhance the outcomes of aesthetic interventions.? 1%:17-20 Carbohydrates, fats,
proteins, and fluids are crucial macronutrients that cater to the heightened energy demands during
the wound-healing process. Wound healing is an energy-intensive process, with caloric needs during
this period estimated at 30-35 kcal/kg, or up to 40 kcal/kg for underweight individuals.?!->? These re-
quirements may vary based on factors such as age, comorbidities, body weight, activity level, and the
stage, severity, and number of wounds. The composition of these calories is critical, as carbohydrates,
proteins, and fats each play a unique role in wound repair.

Hydration plays a pivotal role in the wound-healing process, going beyond mere caloric needs.
Optimal fluid intake is crucial for maintaining skin turgor, ensuring tissue perfusion, and facilitating
oxygen delivery, which are key components in the healing cascade. Water acts as a medium for glu-
cose and micronutrient transport and aids in the elimination of metabolic waste, thereby supporting
cellular functions essential for repair. Patients with wounds are particularly vulnerable to dehydration,
with risk factors including fever, diarrhea, vomiting, diuresis, fistulae, wound exudate, and inadequate
fluid consumption warranting careful assessment. The recommended fluid intake for individuals with
wounds is approximately 1 ml/kcal/day, which may need adjustments in response to insensible fluid
losses or existing renal or cardiac conditions.?>%* Prioritizing water over other fluids is essential, as
certain beverages can compromise nutritional status. Alcohol abuse, for instance, is a significant con-
cern. It undermines antioxidant defenses, provokes oxidative stress, and can lead to deficiencies in
critical micronutrients like zinc and selenium, which are vital for immune function and wound repair.
Chronic alcohol consumption has been linked to decreased plasma levels and increased urinary ex-
cretion of zinc, whereas selenium levels have been found to be significantly lower in patients with
alcoholic cirrhosis, which improved with supplementation. Additionally, narcotics, whether for medi-
cal or recreational use, can induce constipation, nausea, and anorexia, further reducing oral intake and
exacerbating nutritional deficits.2>~%7

Macronutrients

Proteins, which are fundamental in introducing indispensable amino acids, avert muscle catabolism
and prevent the serious repercussions of protein malnutrition.?® Beyond their role in protein synthe-
sis, amino acids are instrumental in maintaining healthy skin. A disruption in amino acid balance
can impair protein synthesis within the skin. Essential amino acids are continually lost through the
shedding of stratum corneum cells, making protein intake essential to combat skin thinning, dehydra-
tion, loss of elasticity, sagging, and wrinkles. During wound healing, proteins are crucial in collagen
production.?? The ramifications of protein deficiency are profound, leading to compromised fibroblast
proliferation and angiogenesis, diminishing collagen synthesis and remodeling.? Proteins are vital for
post-surgical wound repair, skin integrity preservation, fluid and electrolyte balance, and facilitating
immune response activation. Certain amino acids, like arginine and glutamine, are known to enhance
wound healing. Arginine, a precursor to nitric oxide (NO) and proline, is necessary for the inflam-
matory response, collagen synthesis, and neovascularization, making it a recommended amino acid
for accelerating skin wound healing.3! The role of glutamine extends to enzymatic, metabolic, antioxi-
dant, and immune responses, offering immunomodulatory and anti-inflammatory effects in wounds.>!
Glycine also contributes to protein synthesis, wound healing, tissue protection, and immunity.3? Pro-
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tein deficiency hampers wound healing, delaying the transition from the inflammatory to the prolif-
erative phase and reducing angiogenesis and collagen formation, which in turn diminishes fibroblast
activities. In chronic wounds, protein needs can drastically increase by up to 250% owing to significant
protein loss. Studies have demonstrated the efficacy of protein supplementation in reducing postoper-
ative complications in patients undergoing post-bariatric abdominoplasty, highlighting the importance
of protein in enhancing plastic surgery outcomes,?%-33-38

Carbohydrates are pivotal for wound healing as they stimulate production of insulin, a hormone in-
tegral to anabolic processes, especially during the proliferative phase of wound healing.>! Insulin facil-
itates glucose uptake into cells, which provides the energy necessary for tissue regeneration. However,
maintaining a balance is necessary as hyperglycemia can impair granulocyte function and heighten
the risk of infectious complications.?! In patients with diabetes mellitus, neuropathic complications
can exacerbate wound formation due to reduced pain sensation and consequent neglect of wound
care.’! Furthermore, factors, such as steroid use, antibiotic therapy, dextrose in intravenous fluids, and
physiological stress, that lead to increased cortisol production can contribute to hyperglycemia and
complicate the wound-healing process.>>40 Fats, particularly essential fatty acids, are vital for cel-
lular membrane integrity and the synthesis of eicosanoids, which are involved in the inflammatory
response crucial for wound healing.*! Adequate fat intake ensures a well-maintained energy reserve,
which is crucial during the prolonged healing process. Moreover, lipids serve as carriers for fat-soluble
vitamins, A, D, E, and K, which are involved in cellular differentiation, immune function, antioxidant
defense, and coagulation, respectively,—all integral to effective wound healing.*!

Omega-3 polyunsaturated fatty acids (PUFAs) are integral components of the phospholipid bi-
layer of cell membranes and play pivotal roles in cellular integrity and metabolic functions.*? Eicos-
apentaenoic acid (EPA), docosahexaenoic acid (DHA), and alpha-linolenic acid constitute the primary
omega-3 PUFAs, which act as precursors to eicosanoids, which are signaling molecules that modu-
late inflammation.*> Owing to the inability of the human body to synthesize EPA and DHA, these
are typically sourced from marine life, such as fish that consume phytoplankton rich in these fatty
acids. Emerging research underscores the facilitative role of omega-3 PUFAs in wound-healing pro-
cesses.*> Their incorporation into the cell membrane is critical during tissue regeneration, particularly
following cutaneous injuries. Moreover, omega-3 PUFAs are known to modulate the local inflamma-
tory milieu, potentially expediting the healing trajectory.*> A noteworthy investigation revealed that
dietary enrichment with omega-3 PUFAs curtailed the synthesis of proinflammatory mediators. In a
comparative study, animals fed an omega-3 PUFA-enriched diet demonstrated altered wound-healing
dynamics, displaying less robust wounds 30 days post-injury compared to their counterparts on a
standard diet.** This paradoxical finding suggests a complex interplay between omega-3 PUFAs and
tissue repair mechanisms, necessitating further investigation.>* Beyond their role in inflammation and
depression amelioration, omega-3 PUFAs are gaining recognition for their potential therapeutic bene-
fits in enhancing recovery following surgical interventions. The multifaceted effects of omega-3 PUFAs
on inflammation, immune response, and cellular health position them as significant nutritional con-
siderations in the context of aesthetic procedures and wound management.

Micronutrients

The role of micronutrients in wound healing has been extensively investigated.*>**6 Amino acids
such as arginine have emerged as major contributors to the inflammatory process, synthesis of col-
lagen, stimulation of the generation and secretion of growth hormones, and activation of T cells.*’48
Glutamine, another amino acid, reduces infection risks and inflammatory complications by upregu-
lating the expression of heat-shock proteins.*? Furthermore, glutamine functions as a precursor to
glutathione - an essential co-factor in multiple enzymatic reactions - which contributes to the rein-
forcement of cell membranes and facilitates amino acid transport across them.’? Although the efficacy
of arginine is still debatable, the biochemical advantages conferred by amino acids render them an es-
sential consideration in wound-healing and aesthetic procedures.”!>2

Vitamins also play a pivotal role in the wound-healing process. Vitamin A deficiency has been
shown to impair B and T cell functions and antibody production during inflammation.?! It also stim-
ulates the growth of epithelial cells and fibroblasts and is therefore used for dermatological con-
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ditions.?! Additionally, vitamin A counters the delayed wound healing caused by corticosteroids by
down-regulating TGF-B and insulin-like growth factor-1 (IGF-1).>3->* Vitamin B compounds, such as
thiamine, riboflavin, pyridoxine, and cobalamin, serve as critical cofactors in leukocytic generation, an-
abolic processes of wound healing, and collagen synthesis.”> Consequently, vitamin B deficiency can
result in impaired immune function and, thus, an increased risk of infection.”?-°%->7 Vitamin C exhibits
apparent involvement in collagen synthesis, antioxidant response, and angiogenesis. A systematic re-
view by Thevi et al. advocated using vitamin C for wound healing as it increases recovery rates and
leukocyte ascorbic acid levels.’’->° Emerging evidence of vitamin D deficiency has underscored its po-
tential implication in the wound-healing process.®’-62 A case series by Siregar found that it binds with
Vitamin D receptors via calcitriol, regulating the production of several receptors and upregulating the
innate immune system while weakening the adaptive immune system.®> However, further research is
necessary to gain a comprehensive understanding of its complex mechanics and establish a causative
or correlative relationship between the two.? In contrast, vitamin E appears to negatively affect colla-
gen synthesis, antioxidant response, and the inflammatory process.>* Hobson’s 2016 literature review
echoed these findings while recommending further research owing to the limited literature regard-
ing this topic. Notably, Leslie et al. 1999 concluded that vitamin E worsened the cosmetic appearance
of scars.5 Currently, the prevailing consensus highlights the insufficiency of evidence to recommend
vitamin E for wound healing.

Minerals have also been implicated in the wound-healing process, attributing to their roles as es-
sential enzymatic components, metalloenzymes, and antioxidants.! Zinc, in particular, promotes re-
epithelialization and generation of new tissues.5%:7 In inflammation, zinc upregulates the immune
response by activating lymphocytes and stimulating antibody production, mitigating the risk of in-
fections.®® Copper was found to be involved in all stages of the wound-healing process, due to its
numerous roles in several cells, via cytokine and growth factor modulation.5° Magnesium similarly
promotes wound healing by reducing serum C-reactive protein (CRP) levels and increasing plasma to-
tal antioxidant capacity (TAC) concentration.”® Razzaghi et al. proposed that a 12-week regimen of
magnesium supplements in patients with diabetic foot ulcers yielded advantageous outcomes on ul-
cer size, glucose metabolism, serum CRP levels, and plasma TAC levels.” Iron, on the other hand,
has received less academic scrutiny for its role in wound healing. Its role in oxygen transport in red
blood cells has prompted theories that optimal iron levels enable greater tissue perfusion and collagen
synthesis.3! Iron deficiency has also been correlated with inflammatory diseases such as rheumatoid
arthritis and lupus.”!

Other nutritional interventions

Beyond the fundamental macronutrients and micronutrients discussed previously, a spectrum of
nutritional supplements has been identified to enhance wound healing.”> Notably, polyphenolic com-
pounds such as resveratrol (found in berries, peanuts, and red wine) have garnered attention for their
therapeutic potential, especially in the context of diabetic foot ulcers (DFUs).”®> The ability of resvera-
trol to modulate inflammatory processes via the activation of sirtuins subsequently leads to the reduc-
tion of proinflammatory cytokine tumor necrosis factor-alpha and regulation of cellular health.”* Sim-
ilarly, curcumin, a polyphenolic constituent of turmeric, exhibits anti-inflammatory properties by in-
hibiting the transcription factor NF-« B, effectively reducing inflammation, an essential step in wound-
healing promotion.” Additionally, flavonoids, such as naringenin and apigenin, have been shown to
mitigate inflammation by increasing the production of nitric oxide via enzymes such as iNOS and COX-
2 and inhibiting the release of proinflammatory mediators from BV2 microglia, by acting through NF-
kB and the mitogen-activated protein kinase signaling pathway.”> Apigenin, another natural flavone,
demonstrates protective effects on endothelial cells by reducing apoptosis, primarily by inhibiting cas-
pase 3 activity.’®

Association between nutritional status and the risk of postoperative complications

A patient’s nutritional status plays a crucial role in their recovery from surgery. Adequate nutrition
is vital for optimal wound healing, immune function, and maintenance of muscle strength throughout
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the postoperative period.?*77:78 Surgical procedures cause stress on the body that triggers numerous
metabolic responses that heighten the body’s nutritional requirements.”® Preoperative malnutrition
can impair the body’s ability to heal and cope with the stress of surgery. In this context, malnutrition
has been consistently linked with an increased risk of postoperative complications .80

Malnourished patients demonstrate higher rates of impaired wound healing, skin breakdown, and
wound dehiscence.? Protein malnutrition has been thought to impair collagen synthesis, thus increas-
ing the risk of the aforementioned complications.®! Furthermore, malnutrition impairs the immune
system function, leading to a higher rate of surgical site infections, which can have serious sequelae
such as sepsis.®2 Moreover, malnutrition is consistently linked to longer hospital stays, which in turn
may increase the risk of complications such as venous thromboembolism of hospital-acquired infec-
tions such as pneumonia or urinary tract infections.3>:3¢ Overall, several studies have demonstrated
that malnourished patients carry a significantly higher risk of postoperative mortality compared with
those who are adequately nourished.®>-86 Hence, the impact of malnutrition on postoperative out-
comes and complications is profound. A summary of the effect of various nutrients on the wound-
healing process, along with the complications arising from their deficiencies has been synthesized in
Table 1.

Preoperative nutritional and endocrine optimization

Given the link between malnutrition and operative outcomes, preoperative nutritional optimiza-
tion for malnourished patients is critical to reduce the associated risks of complications postoper-
atively. Enhanced recovery after surgery (ERAS) protocols that involve preoperative nutritional opti-
mization have been shown to improve postoperative outcomes and are associated with reduced risk
of complications and shorter stays.8”-38 Therefore, preoperative assessment and screening of patients
is generally recommended to identify patients who are malnourished or at risk of malnutrition where
nutritional intervention may be beneficial.

Nutritional assessment is complex and it is important to apply clinical judgment in all cases as
no specific malnutrition screening tool will apply perfectly to any individual patient.®° Recording the
comprehensive history of a patient is the first step in nutritional assessment and involves an under-
standing of the patient’s comorbidities, recent changes in weight or diet, along with other factors that
can influence nutritional status such as alcohol use.®? Subsequently, anthropometric measurements
and body mass index assessments represent moderate objective measurements of nutritional status.3°
However, fluid shifts can introduce unreliability to body weight calculations and anthropometric mea-
surements vary greatly between individuals.?*-! Biochemical markers such as albumin are sometimes
thought to relate to nutritional status; however, in the preoperative surgical patient, albumin levels
are influenced by a myriad of factors such as inflammation, capillary permeability, and fluid status.®®
Clinical scoring tools such as the Subjective Global Assessment or Malnutrition Universal Screening
Tool (MUST) can be used to help clinicians make nutritional assessments.’? Regardless of the method
of assessment, the patient deemed to be malnourished requires preoperative nutritional supplemen-
tation to optimize their health prior to surgery.

The timing of preoperative nutritional supplementation will change on a case by case basis; how-
ever, most agree that in patients who are malnourished, a 7 to 10 day course of preoperative nutrition
is recommended.?° Enteral nutrition is typically preferred to parenteral nutrition because it is more
physiological, prevents gastrointestinal atrophy, reduces the risk of bacterial translocation and has
been associated with reduced incidence of complications such as poor wound healing, postoperative
infection and prolonged hospitalization.”®> Nutritional or energy requirements should be determined,
and feeding should be targeted to the patient’s specific metabolic needs.8?-3 In patients who are un-
able to eat or reach nutritional requirements through oral intake, nasogastric or nasojejunal feeding
can be used. In the appropriate patient, percutaneous endoscopic gastrostomy feeding is also avail-
able.?* Furthermore, when enteral nutrition is contraindicated, total parenteral nutrition (TPN) can be
used.” Throughout the feeding period, patients should be monitored for electrolyte disturbances and
complications such as overfeeding, refeeding syndrome, or intravenous line complications in the case
of TPN.?!
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Table 1

Overview of key nutrients and their specific roles in wound healing and potential complications resulting from their deficiencies.

Nutrient Role in Wound Healing Complications from Deficiency
Carbohydrates Stimulate insulin production that aids in tissue regeneration. Impaired granulocyte function, increased risk of infection, and exacerbated
wound formation in patients with diabetes.
Proteins Essential for collagen production, immune response activation, and Compromised fibroblast proliferation and angiogenesis, delayed wound healing,
maintenance of skin integrity. and reduced collagen formation.
Fats Necessary for cell membrane integrity and eicosanoid synthesis. Poor energy reserve, impaired immune function, and reduced absorption of
fat-soluble vitamins.
Vitamin A Supports growth of epithelial cells and fibroblasts and enhances Impaired immune function, delayed wound healing, and reduced collagen
inflammatory response. synthesis.
Vitamin B Critical for leukocyte generation, collagen synthesis, and wound healing  Impaired immune function and increased risk of infection.
anabolic processes.
Vitamin C Involved in collagen synthesis, antioxidant response, and angiogenesis. Delayed wound healing, weakened immune response, and increased risk of
scurvy.
Vitamin D Regulates immune response and receptor production. Impaired wound healing, increased risk of infection, and weakened adaptive
immune system.
Vitamin E Antioxidant, involved in collagen synthesis and inflammatory response Potential worsening of scar appearance and impaired collagen synthesis.
(though evidence of impact on wound healing is mixed).
Zinc Promotes re-epithelialization, tissue generation, and immune function. Delayed wound healing and weakened immune response.
Copper Involved in all stages of wound healing, modulating cytokines, and Impaired wound healing owing to disrupted enzymatic functions and cytokine
growth factors. modulation.
Magnesium Reduces serum CRP levels and increases plasma antioxidant capacity. Delayed wound healing, increased risk of diabetic foot ulcers, and impaired
immune function.
Iron Essential for oxygen transport in red blood cells, facilitates tissue Tissue hypoxia, impaired collagen synthesis, and increased risk of inflammatory

Omega-3 PUFAs

Resveratrol
Curcumin
Naringenin
Apigenin

perfusion and collagen synthesis.

Modulate inflammatory response and critical in cell membrane
integration for tissue regeneration.

Anti-inflammatory and modulates cytokine activity.

Exhibits anti-inflammatory properties by inhibiting NF-«B.
Mitigates inflammation and aids in nitric oxide production.
Reduces apoptosis in endothelial cells and aids in wound healing.

diseases.

Altered wound healing dynamics, potentially slower or less robust healing, and
reduced anti-inflammatory effects.

Increased inflammation and potentially delayed wound healing.

Increased inflammation and delayed wound healing.

Increased inflammation and potential impairment in wound healing processes.
Increased endothelial cell apoptosis and potential delays in wound healing.
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Optimizing diabetes management, addressing smoking habits, and balancing endocrine profiles,
including testosterone and growth hormone levels, are crucial for effective wound healing and op-
timal cosmetic outcomes.”® In diabetic patients, poorly controlled blood glucose levels can signifi-
cantly impair wound healing.”® Hyperglycemia disrupts normal cellular functions and inflammatory
responses, leading to delayed wound closure, increased risk of infection, and poor aesthetic results.?®
Tight glycemic control is, therefore, essential to enhance the body’s natural healing process and re-
duce complications. Similarly, smoking significantly impedes wound healing and adversely affects cos-
metic outcomes due to its impact on tissue oxygenation and cellular function.?” The healing process,
which involves inflammatory, proliferative, and remodeling stages, relies heavily on proper tissue oxy-
gen levels. Smoking induces tissue hypoxia, a major obstacle to effective wound repair, and increases
infection risk post-surgery.”’-?® Nicotine, a key component in cigarette smoke, contributes to this is-
sue through its vasoconstrictive action, reducing blood flow and oxygen delivery to the wound. Addi-
tionally, carbon monoxide and hydrogen cyanide in smoke further exacerbate tissue hypoxia. Carbon
monoxide binds with hemoglobin, limiting oxygen transport, whereas hydrogen cyanide inhibits cel-
lular oxygen metabolism. Beyond these effects, smoking also disrupts essential cellular activities in
wound healing. It limits the proliferation of erythrocytes, white blood cells, and fibroblasts, leading
to decreased oxygen availability and a weakened immune response. This reduction in immune cell
function and collagen synthesis by fibroblasts compromises both the healing process and the strength
and appearance of the healed tissue.?”-%8 Although most research has focused on acute wound healing
post-surgery, the negative effects of smoking on chronic wounds, though less studied, are considered
similarly harmful. Overall, the evidence strongly suggests that smoking disrupts key aspects of wound
healing, leading to slower recovery and poorer cosmetic results. Therefore, it is imperative to rig-
orously manage diabetes, cease smoking, and ensure optimal preoperative nutrition to significantly
enhance wound healing efficiency and achieve superior aesthetic outcomes.

Conclusion

It is evident that nutrition is influential in wound healing, and some key nutrients extend their
benefits to aesthetic outcomes. Several studies have shown associations between nutritional deficits
and suboptimal wound healing outcomes. However, the current corpus of evidence remains rather
generalized. More observational cohort studies and randomized controlled trials are required to as-
certain correlations between various nutrients and their effects on wound healing and aesthetic out-
comes.
Declaration of competing interest

The authors declare no conflict of interest.
Ethical approval statement

N/A
Acknowledgements

None.

Financial Disclosure and Products

No authors have received any funding or support.
References

1. Almadani YH, Vorstenbosch ], Davison PG, Murphy AM. Wound healing: A comprehensive review. Semin Plast Surg.
2021;35:141-144. doi:10.1055/s-0041-1731791.

299


https://doi.org/10.1055/s-0041-1731791

I. Seth, B. Lim, J. Cevik et al. JPRAS Open 39 (2024) 291-302

10.

11.
12.

13.

19.

20.

21.

22.
23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

. Stechmiller JK. Understanding the role of nutrition and wound healing. Nutr Clin Pract. 2010;25:61-68. doi:10.1177/

0884533609358997.

. Danby FW. Nutrition and aging skin: Sugar and glycation. Clin Dermatol. 2010;28:409-411. doi:10.1016/j.clindermatol.2010.

03.018.

. Seth [, Bulloch G, Qin KR, Xie Y, Sebastian B, Liew H, et al. Pre-rehabilitation interventions for patients with head and neck

cancers: A systematic review and meta-analysis. Head Neck. 2024;46:86-117. doi:10.1002/hed.27561.

. Abela G. The potential benefits and harms of early feeding post-surgery: A literature review. Int Wound J. 2017;14:870-873.

doi:10.1111/iwj.12750.

. Martinez-Ortega AJ, Pifiar-Gutiérrez A, Serrano-Aguayo P, et al. Perioperative nutritional support: a review of current liter-

ature. Nutrients. 2022;14. doi:10.3390/nu14081601.

. Cuomo R, Nisi G, Grimaldi L, Brandi C, Sisti A, D’Aniello C. Inmunosuppression and abdominal wall defects: Use of autolo-

gous dermis. In Vivo. 2015;29:753-755.

. Halprin KM, Ohkawara A. Glucose and glycogen metabolism in the human epidermis. J Invest Dermatol. 1966;46:43-50.

doi:10.1038/jid.1966.9.

. Seth [, Bulloch G, Seth N, Siu A, Clayton S, Lower K, et al. Effect of perioperative vitamin C on the incidence of complex

regional pain syndrome: A systematic review and meta-analysis. ] Foot Ankle Surg. 2022;61:748-754. doi:10.1053/j.jfas.2021.
11.008.

Cao C, Xiao Z, Wu Y, Ge C. Diet and skin aging—From the perspective of food nutrition. Nutrients. 2020;12:870. doi:10.3390/
nu12030870.

Ogawa Y, Kinoshita M, Shimada S, Kawamura T. Zinc and skin disorders. Nutrients. 2018;10:199. doi:10.3390/nu10020199.
Strasser B, Volaklis K, Fuchs D, Burtscher M. Role of dietary protein and muscular fitness on longevity and aging. Aging Dis.
2018;9:119-132. doi:10.14336/AD.2017.0202.

Draelos ZD. Aging skin: The role of diet: Facts and controversies. Clin Dermatol. 2013;31:701-706. doi:10.1016/j.clindermatol.
2013.05.005.

. Williams DG, Aronson S, Murray S, et al. Validation of the perioperative nutrition screen for prediction of postoperative

outcomes. JPEN | Parenter Enter Nutr. 2022;46:1307-1315. doi:10.1002/jpen.2310.

. Matthews LS, Wootton SA, Davies SJ, Levett DZH. Screening, assessment and management of perioperative malnutrition: A

survey of UK practice. Perioper Med (Lond). 2021;10:30. doi:10.1186/s13741-021-00196-2.

. Voglino C, Tirone A, Ciuoli C, et al. Cardiovascular benefits and lipid profile changes 5 years after bariatric surgery:

A comparative study between sleeve gastrectomy and Roux-en-Y gastric bypass. J Gastrointest Surg. 2020;24:2722-2729.
doi:10.1007/s11605-019-04482-9.

. Voglino C, Tirone A, Ciuoli C, et al. Controlling nutritional status (CONUT) score and micronutrient deficiency in bariatric

patients: Midterm outcomes of Roux-en-Y gastric Bypass versus One anastomosis gastric bypass/mini gastric bypass. Obes
Surg. 2021;31:3715-3726. doi:10.1007/s11695-021-05486-8.

. Brandi C, Cuomo R, Nisi G, Grimaldi L, D’Aniello C. Face rejuvenation: A new combinated protocol for biorevitalization. Acta

Biomed. 2018;89:400-405. doi:10.23750/abm.v89i3.6162.

Pieretti G, Rafaniello C, Fraenza F, et al. Hyaluronic acid-based fillers in patients with autoimmune inflammatory diseases. J
Cosmet Dermatol. 2023;22:2420-2423. doi:10.1111/jocd.15751.

Nisi G, Cuomo R, Brandi C, Grimaldi L, Sisti A, D’Aniello C. Carbon dioxide therapy and hyaluronic acid for cosmetic correc-
tion of the nasolabial folds. ] Cosmet Dermatol. 2016;15:169-175. doi:10.1111/jocd.12213.

Molnar JA, Underdown M], Clark WA. Nutrition and chronic wounds. Adv Wound Care (New Rochelle). 2014;3:663-681.
doi:10.1089/wound.2014.0530.

Doley J. Nutrition management of pressure ulcers. Nutr Clin Pract. 2010;25:50-60. doi:10.1177/0884533609359294.

Munoz N, Posthauer ME. Nutrition essentials: Pressure injury prevention and healing for adults. Adv Skin Wound Care.
2021;34:166-167. doi:10.1097/01.ASW.0000732752.83858.77.

Sisti A, Huayllani M, Boczar D, et al. Umbilical Reconstruction Techniques: A Literature Review. Aesthetic Plast. Surg..
2021;45:1078-1096. doi:10.1007/s00266-020-01989-4.

McClain C], Antonow DR, Cohen DA, Shedlofsky SI. Zinc metabolism in alcoholic liver disease. Alcohol Clin Exp Res.
1986;10:582-589. doi:10.1111/j.1530-0277.1986.tb05149.x.

Mohammad MK, Zhou Z, Cave M, Barve A, McClain CJ. Zinc and liver disease. Nutr Clin Pract. 2012;27:8-20. doi:10.1177/
0884533611433534.

Cuomo R, Giardino FR, Neri A, et al. Optimization of prepectoral breast reconstruction. Breast Care (Basel). 2021;16:36-42.
doi:10.1159/000506347.

Tipton KD, Hamilton DL, Gallagher IJ. Assessing the role of muscle protein breakdown in response to nutrition and exercise
in humans. Sports Med. 2018;48(Suppl 1):53-64. doi:10.1007/s40279-017-0845-5.

Arribas-Lépez E, Zand N, Ojo O, Snowden M], Kochhar T. The effect of amino acids on wound healing: A systematic review
and meta-analysis on arginine and glutamine. Nutrients. 2021;13. doi:10.3390/nu13082498.

Wang X, Yu Z, Zhou S, Shen S, Chen W. The effect of a compound protein on wound healing and nutritional status. Evid
Based Complement Alternat Med. 2022;2022:4231516. doi:10.1155/2022/4231516.

Barchitta M, Maugeri A, Favara G, et al. Nutrition and wound healing: An overview focusing on the beneficial effects of
curcumin. Int J Mol Sci. 2019;20. doi:10.3390/ijms20051119.

Amin K, Li ], Chao WR, Dewhirst MW, Haroon ZA. Dietary glycine inhibits angiogenesis during wound healing and tumor
growth. Cancer Biol Ther. 2003;2:173-178. doi:10.4161/cbt.2.2.280.

Ueyama H, Kanemoto N, Minoda Y, Taniguchi Y, Nakamura H. Perioperative essential amino acid supplementation facilitates
quadriceps muscle strength and volume recovery after TKA: A Double-Blinded Randomized Controlled Trial. J Bone Joint Surg
Am. 2023;105:345-353. doi:10.2106/JBJS.22.00675.

Austin RE, Lista F, Khan A, Ahmad ]. The impact of protein nutritional supplementation for massive weight loss patients
undergoing abdominoplasty. Aesthet Surg J. 2016;36:204-210. doi:10.1093/asj/sjv122.

Makarawung DJS, Al Nawas M, Smelt HJM, et al. Complications in post-bariatric body contouring surgery using a practical
treatment regime to optimise the nutritional state. JPRAS Open. 2022;34:91-102. doi:10.1016/j.jpra.2022.06.006.

300


https://doi.org/10.1177/0884533609358997
https://doi.org/10.1016/j.clindermatol.2010.03.018
https://doi.org/10.1002/hed.27561
https://doi.org/10.1111/iwj.12750
https://doi.org/10.3390/nu14081601
http://refhub.elsevier.com/S2352-5878(24)00007-X/sbref0007
https://doi.org/10.1038/jid.1966.9
https://doi.org/10.1053/j.jfas.2021.11.008
https://doi.org/10.3390/nu12030870
https://doi.org/10.3390/nu10020199
https://doi.org/10.14336/AD.2017.0202
https://doi.org/10.1016/j.clindermatol.2013.05.005
https://doi.org/10.1002/jpen.2310
https://doi.org/10.1186/s13741-021-00196-2
https://doi.org/10.1007/s11605-019-04482-9
https://doi.org/10.1007/s11695-021-05486-8
https://doi.org/10.23750/abm.v89i3.6162
https://doi.org/10.1111/jocd.15751
https://doi.org/10.1111/jocd.12213
https://doi.org/10.1089/wound.2014.0530
https://doi.org/10.1177/0884533609359294
https://doi.org/10.1097/01.ASW.0000732752.83858.77
https://doi.org/10.1007/s00266-020-01989-4
https://doi.org/10.1111/j.1530-0277.1986.tb05149.x
https://doi.org/10.1177/0884533611433534
https://doi.org/10.1159/000506347
https://doi.org/10.1007/s40279-017-0845-5
https://doi.org/10.3390/nu13082498
https://doi.org/10.1155/2022/4231516
https://doi.org/10.3390/ijms20051119
https://doi.org/10.4161/cbt.2.2.280
https://doi.org/10.2106/JBJS.22.00675
https://doi.org/10.1093/asj/sjv122
https://doi.org/10.1016/j.jpra.2022.06.006

I. Seth, B. Lim, J. Cevik et al. JPRAS Open 39 (2024) 291-302

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.
65.

66.

67.

68.

69.

Nisi G, Barberi L, Ceccaccio L, et al. Effect of repeated subcutaneous injections of carbon dioxide (CO2) on inflammation
linked to hypoxia in adipose tissue graft. Eur Rev Med Pharmacol Sci. 2015;19.

Mataro I, Cuomo R, La Padula S. Stem cell enriched fat grafts versus autologous fat grafts in reconstructive surgery: Sys-
tematic review and meta-analysis. Aesthet Plast Surg. 2023;47:2769-2770. doi:10.1007/s00266-023-03622-6.

Sadeghi P, Duarte-Bateman D, Ma W, et al. Post-Bariatric Plastic Surgery: Abdominoplasty, the State of the Art in Body
Contouring. J. Clin. Med.. 2022;15:4315. doi:10.3390/jcm11154315.

Tamez-Pérez HE, Quintanilla-Flores DL, Rodriguez-Gutiérrez R, Gonzdlez-Gonzdlez ]G, Tamez-Pefia AL. Steroid hyper-
glycemia: Prevalence, early detection and therapeutic recommendations: A narrative review. World J Diabetes. 2015;6:1073-
1081. doi:10.4239/wjd.v6.i8.1073.

Cuomo R, Giardino FR, Nisi G, Han ], Diluiso G, Tresoldi MM, et al. Fat graft for reducing pain in chronic wounds. Wound
Repair Regen. 2020;28:780-788. doi:10.1111/wrr.12846.

Brancaccio M, Mennitti C, Cesaro A, et al. The biological role of vitamins in athletes’ muscle, heart and microbiota. Int |
Environ Res Public Health. 2022;19. doi:10.3390/ijerph19031249.

Soleimani Z, Hashemdokht F, Bahmani F, Taghizadeh M, Memarzadeh MR, Asemi Z. Clinical and metabolic response to
flaxseed oil omega-3 fatty acids supplementation in patients with diabetic foot ulcer: A randomized, double-blind, placebo-
controlled trial. J Diabetes Complications. 2017;31:1394-1400. doi:10.1016/j.jdiacomp.2017.06.010.

McDougle DR, Watson JE, Abdeen AA, et al. Anti-inflammatory w-3 endocannabinoid epoxides. Proc Natl Acad Sci U S A.
2017;114:E6034-E6043. doi:10.1073/pnas.1610325114.

Hackam DJ, Ford HR. Cellular, biochemical, and clinical aspects of wound healing. Surg Infect (Larchmt). 2002;3(Suppl
1):523-S35. doi:10.1089/sur.2002.3.51-23.

Quain AM, Khardori NM. Nutrition in wound care management: A comprehensive overview. Wounds. 2015;27:327-
335.

Harris CL, Fraser C. Malnutrition in the institutionalized elderly: The effects on wound healing. Ostomy Wound Manag.
2004;50:54-63.

Wu G, Bazer FW, Davis TA, et al. Arginine metabolism and nutrition in growth, health and disease. Amino Acids.
2009;37:153-168. doi:10.1007/s00726-008-0210-y.

Barbul A. Proline precursors to sustain Mammalian collagen synthesis. J Nutr. 2008;138:20215-2024S. doi:10.1093/jn/138.
10.2021S.

Wischmeyer PE. Glutamine and heat shock protein expression. Nutrition. 2002;18:225-228. doi:10.1016/S0899-9007(01)
00796-1.

Newsholme P. Why is L-glutamine metabolism important to cells of the immune system in health, postinjury, surgery or
infection? J Nutr. 2001;131(Suppl):25155-2522S discussion 2523S-4S. doi:10.1093/jn/131.9.2515S.

Peng X, Yan H, You Z, Wang P, Wang S. Clinical and protein metabolic efficacy of glutamine granules-supplemented enteral
nutrition in severely burned patients. Burns. 2005;31:342-346. doi:10.1016/j.burns.2004.10.027.

Wicklund AK. How nutrition and supplements impact aesthetic outcomes. Plast Aesthet Nurs (Phila). 2023;43:72-76. doi:10.
1097/PSN.0000000000000501.

Hunt TK, Ehrlich HP, Garcia JA, Dunphy JE. Effect of vitamin A on reversing the inhibitory effect of cortisone on healing of
open wounds in animals and man. Ann Surg. 1969;170:633-641. doi:10.1097/00000658-196910000-00014.

Wicke C, Halliday B, Allen D, Roche NS, Scheuenstuhl H, Spencer MM, et al. Effects of steroids and retinoids on wound
healing. Arch Surg. 2000;135:1265-1270. doi:10.1001/archsurg.135.11.1265.

Russell L. The importance of patients’ nutritional status in wound healing. Br J Nurs. 2001;10(Suppl):S44-549. doi:10.12968/
bjon.2001.10.Sup1.5336.

Williams JZ, Barbul A. Nutrition and wound healing. Crit Care Nurs Clin North Am. 2012;24:179-200. doi:10.1016/j.ccell.2012.
03.001.

Al-Atif H. Collagen supplements for aging and wrinkles: A paradigm shift in the fields of dermatology and cosmetics. Der-
matol Pract Concept. 2022;12:e2022018. doi:10.5826/dpc.1201a18.

Thevi T, Abas AL, Rajan M. The effects of vitamin C on wound healing—Systematic review. Indian J Surg. 2023. doi:10.1007/
$12262-023-03750-y.

Evans M, Lewis ED, Zakaria N, Pelipyagina T, Guthrie N. A randomized, triple-blind, placebo-controlled, parallel study to
evaluate the efficacy of a freshwater marine collagen on skin wrinkles and elasticity. ] Cosmet Dermatol. 2021;20:825-834.
doi:10.1111/jocd.13676.

Burkievcz CJC, Skare TL, Malafaia O, Nassif PAN, Ribas CSG, Santos LRP. Vitamin D deficiency in patients with chronic venous
ulcers. Rev Col Bras Cir. 2012;39:60-63.

Kalava UR, Cha SS, Takahashi PY. Association between vitamin D and pressure ulcers in older ambulatory adults: Results of
a matched case-control study. Clin Interv Aging. 2011;6:213-219. doi:10.2147/CIA.S231009.

Smith K, Hewlings S. Correlation between vitamin D levels and hard-to-heal wounds: A systematic review. ] Wound Care.
2020;29(Sup7):S24-S30. doi:10.12968/jowc.2020.29.Sup7.524.

Siregar FD, Hidayat W. The role of vitamin D on the wound healing process: A case series. Int Med Case Rep J. 2023;16:227-
232. doi:10.2147/IMCRJ.S402005.

Mazzotta MY. Nutrition and wound healing. ] Am Podiatr Med Assoc. 1994;84:456-462. doi:10.7547/87507315-84-9-456.
Baumann MD LS, Spencer ]J. The effects of topical vitamin E on the cosmetic appearance of scars. Dermatol Surg.
1999;25:311-315. doi:10.1046/j.1524-4725.1999.08223 x.

Agren MS, Chvapil M, Franzén L. Enhancement of re-epithelialization with topical zinc oxide in porcine partial-thickness
wounds. J Surg Res. 1991;50:101-105. doi:10.1016/0022-4804(91)90230-].

Lansdown ABG, Mirastschijski U, Stubbs N, Scanlon E, Agren MS. Zinc in wound healing: Theoretical, experimental, and
clinical aspects. Wound Repair Regen. 2007;15:2-16. doi:10.1111/j.1524-475X.2006.00179.x.

Todorovic V. Food and wounds: Nutritional factors in wound formation and healing. Br ] Community Nurs. 2002(43-4):48
passim. doi:10.12968/bjcn.2002.7.5up2.12981.

Kornblatt AP, Nicoletti VG, Travaglia A. The neglected role of copper ions in wound healing. J Inorg Biochem. 2016;161:1-8.
doi:10.1016/j.jinorgbio.2016.02.012.

301


http://refhub.elsevier.com/S2352-5878(24)00007-X/sbref0035
https://doi.org/10.1007/s00266-023-03622-6
https://doi.org/10.3390/jcm11154315
https://doi.org/10.4239/wjd.v6.i8.1073
https://doi.org/10.1111/wrr.12846
https://doi.org/10.3390/ijerph19031249
https://doi.org/10.1016/j.jdiacomp.2017.06.010
https://doi.org/10.1073/pnas.1610325114
https://doi.org/10.1089/sur.2002.3.s1-23
http://refhub.elsevier.com/S2352-5878(24)00007-X/sbref0043
http://refhub.elsevier.com/S2352-5878(24)00007-X/sbref0044
https://doi.org/10.1007/s00726-008-0210-y
https://doi.org/10.1093/jn/138.10.2021S
https://doi.org/10.1016/S0899-9007(01)00796-1
https://doi.org/10.1093/jn/131.9.2515S
https://doi.org/10.1016/j.burns.2004.10.027
https://doi.org/10.1097/PSN.0000000000000501
https://doi.org/10.1097/00000658-196910000-00014
https://doi.org/10.1001/archsurg.135.11.1265
https://doi.org/10.12968/bjon.2001.10.Sup1.5336
https://doi.org/10.1016/j.ccell.2012.03.001
https://doi.org/10.5826/dpc.1201a18
https://doi.org/10.1007/s12262-023-03750-y
https://doi.org/10.1111/jocd.13676
http://refhub.elsevier.com/S2352-5878(24)00007-X/sbref0058
https://doi.org/10.2147/CIA.S23109
https://doi.org/10.12968/jowc.2020.29.Sup7.S24
https://doi.org/10.2147/IMCRJ.S402005
https://doi.org/10.7547/87507315-84-9-456
https://doi.org/10.1046/j.1524-4725.1999.08223.x
https://doi.org/10.1016/0022-4804(91)90230-J
https://doi.org/10.1111/j.1524-475X.2006.00179.x
https://doi.org/10.12968/bjcn.2002.7.sup2.12981
https://doi.org/10.1016/j.jinorgbio.2016.02.012

I. Seth, B. Lim, J. Cevik et al. JPRAS Open 39 (2024) 291-302

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91

92.

93.

94.

95.

96.

97.

98.

Razzaghi R, Pidar F, Momen-Heravi M, Bahmani F, Akbari H, Asemi Z. Magnesium supplementation and the effects on
wound healing and metabolic status in patients with diabetic foot ulcer: A randomized, double-blind, placebo-controlled
trial. Biol Trace Elem Res. 2018;181:207-215. doi:10.1007/s12011-017-1056-5.

Wright JA, Richards T, Srai SKS. The role of iron in the skin and cutaneous wound healing. Front Pharmacol. 2014;5:156.
doi:10.3389/fphar.2014.00156.

Chaffee S, Das A, Santra S, Roy S. Diabetic wound inflammation. Nutritional and Therapeutic Interventions for Diabetes and
Metabolic Syndrome. Elsevier. 2018:269-278. doi:10.1016/B978-0-12-812019-4.00022-2.

Bashmakov YK, Assaad-Khalil SH, Abou Seif M, Udumyan R, Megallaa M, Rohoma KH, et al. Resveratrol promotes foot ulcer
size reduction in Type 2 diabetes patients. ISRN Endocrinol. 2014;2014:816307. doi:10.1155/2014/816307.

Lim R, Barker G, Wall CA, Lappas M. Dietary phytophenols curcumin, naringenin and apigenin reduce infection-induced
inflammatory and contractile pathways in human placenta, foetal membranes and myometrium. Mol Hum Reprod.
2013;19:451-462. doi:10.1093/molehr/gat015.

Park HY, Kim GY, Choi YH. Naringenin attenuates the release of pro-inflammatory mediators from lipopolysaccharide-
stimulated BV2 microglia by inactivating nuclear factor-«B and inhibiting mitogen-activated protein kinases. Int ] Mol Med.
2012;30:204-210. doi:10.3892/ijmm.2012.979.

Duarte S, Arango D, Parihar A, Hamel P, Yasmeen R, Doseff Al. Apigenin protects endothelial cells from lipopolysaccha-
ride (LPS)-induced inflammation by decreasing caspase-3 activation and modulating mitochondrial function. Int J Mol Sci.
2013;14:17664-17679. doi:10.3390/ijms140917664.

Abunnaja S, Cuviello A, Sanchez JA. Enteral and parenteral nutrition in the perioperative period: State of the art. Nutrients.
2013;5:608-623. doi:10.3390/nu5020608.

D’Antonio A, Addesso M, Memoli D, et al. Lymph node-based disease and HHV-8/KSHV infection in HIV seronegative
patients: Report of three new cases of a heterogeneous group of diseases. Int ] Hematol. 2011;93:795-801. doi:10.1007/
$12185-011-0849-0.

Smith LC, Mullen JL. Nutritional assessment and indications for nutritional support. Surg Clin North Am. 1991;71:449-457.
doi:10.1016/s0039-6109(16)45426-5.

Mehta Y, Sunavala JD, Zirpe K, et al. Practice guidelines for nutrition in critically Ill patients: A relook for Indian scenario.
Indian ] Crit Care Med. 2018;22:263-273. doi:10.4103/ijccm.]JCCM_3_18.

Qishi Y, Fu Z, Ohnuki Y, Kato H, Noguchi T. Effects of protein deprivation on alphal(l) and alphal(Ill) collagen and its
degrading system in rat skin. Biosci Biotechnol Biochem. 2002;66:117-126. doi:10.1271/bbb.66.117.

Bourke CD, Berkley JA, Prendergast A]. Inmune dysfunction as a cause and consequence of malnutrition. Trends Immunol.
2016;37:386-398. doi:10.1016/.it.2016.04.003.

Brown T, Edwards A, Pashley A, et al. Nutritional status and post-operative complications in patients undergoing
surgery for advanced pharyngeal or laryngeal cancer. Eur Arch Otorhinolaryngol. 2023;280:5531-5538. doi:10.1007/
s00405-023-08139-x.

Narendra K, Kiss N, Margerison C, Johnston B, Chapman B. Impact of nutritional status/risk and post-operative nutritional
management on clinical outcomes in patients undergoing gastrointestinal surgery: A prospective observational study. ] Hum
Nutr Diet. 2020;33:587-597. doi:10.1111/jhn.12763.

Havens JM, Columbus AB, Seshadri AJ, et al. Malnutrition at Intensive Care Unit admission predicts mortality in emergency
general surgery patients. JPEN | Parenter Enteral Nutr. 2018;42:156-163. doi:10.1177/0148607116676592.

Hu WH, Cajas-Monson LC, Eisenstein S, Parry L, Cosman B, Ramamoorthy S. Preoperative malnutrition assessments as
predictors of postoperative mortality and morbidity in colorectal cancer: An analysis of ACS-NSQIP. Nutr J. 2015;14:91.
doi:10.1186/s12937-015-0081-5.

Ripollés-Melchor ], Ramirez-Rodriguez JM, Casans-Francés R, et al. Association between use of enhanced recovery after
surgery protocol and postoperative complications in colorectal surgery: The postoperative outcomes within enhanced re-
covery after surgery protocol (POWER) study. JAMA Surg. 2019;154:725-736. doi:10.1001/jamasurg.2019.0995.

Li ZE, Lu SB, Kong C, Sun WZ, Wang P, Zhang ST. Comparative short-term outcomes of enhanced recovery after surgery
(ERAS) program and non-ERAS traditional care in elderly patients undergoing lumbar arthrodesis: A retrospective study.
BMC Musculoskelet Disord. 2021;22:283. doi:10.1186/s12891-021-04166-z.

Baker JP, Detsky AS, Wesson DE, et al. Nutritional assessment: A comparison of clinical judgement and objective measure-
ments. N Engl ] Med. 1982;306:969-972. doi:10.1056/NEJM198204223061606.

Bhattacharya A, Pal B, Mukherjee S, Roy SK. Assessment of nutritional status using anthropometric variables by multivariate
analysis. BMC Public Health. 2019;19:1045. doi:10.1186/s12889-019-7372-2.

Slone DS. Nutritional support of the critically ill and injured patient. Crit Care Clin. 2004;20:135-157. doi:10.1016/
s0749-0704(03)00093-9.

Stratton RJ, Hackston A, Longmore D, et al. Malnutrition in hospital outpatients and inpatients: Prevalence, concurrent
validity and ease of use of the ‘malnutrition universal screening tool’ (“MUST”) for adults. Br J Nutr. 2004;92:799-808.
doi:10.1079/BJN20041258.

Taylor BE, McClave SA, Martindale RG, et al. Guidelines for the provision and assessment of nutrition support therapy in
the adult critically ill patient: Society of Critical Care Medicine (SCCM) and American Society for Parenteral and Enteral
Nutrition (A.S.PE.N.). Crit Care Med. 2016;44:390-438. doi:10.1097/CCM.0000000000001525.

McClave SA, DiBaise JK, Mullin GE, Martindale RG. ACG clinical guideline: Nutrition therapy in the adult hospitalized patient.
Am ] Gastroenterol. 2016;111:315-334 quiz 335. doi:10.1038/ajg.2016.28.

Veterans Affairs Total Parenteral Nutrition Cooperative Study Group. Perioperative Total Parenteral Nutrition in surgical pa-
tients. N Engl | Med. 1991;325:525-532. doi:10.1056/NEJM199108223250801.

Burgess JL, Wyant WA, Abdo Abujamra B, Kirsner RS, Jozic I. Diabetic wound-healing science. Medicina (Kaunas).
2021;57:1072. doi:10.3390/medicina57101072.

McDaniel JC, Browning KK. Smoking, chronic wound healing, and implications for evidence-based practice. ] Wound Ostomy
Continence Nurs. 2014;41:415-423 quiz E1.. doi:10.1097/WON.0000000000000057.

Serensen LT, Jorgensen S, Petersen Lj, et al. Acute effects of nicotine and smoking on blood flow, tissue oxygen, and aerobe
metabolism of the skin and subcutis. J Surg Res. 2009;152:224-230. doi:10.1016/j.js5.2008.02.066.

302


https://doi.org/10.1007/s12011-017-1056-5
https://doi.org/10.3389/fphar.2014.00156
https://doi.org/10.1016/B978-0-12-812019-4.00022-2
https://doi.org/10.1155/2014/816307
https://doi.org/10.1093/molehr/gat015
https://doi.org/10.3892/ijmm.2012.979
https://doi.org/10.3390/ijms140917664
https://doi.org/10.3390/nu5020608
https://doi.org/10.1007/s12185-011-0849-0
https://doi.org/10.1016/s0039-6109(16)45426-5
https://doi.org/10.4103/ijccm.IJCCM_3_18
https://doi.org/10.1271/bbb.66.117
https://doi.org/10.1016/j.it.2016.04.003
https://doi.org/10.1007/s00405-023-08139-x
https://doi.org/10.1111/jhn.12763
https://doi.org/10.1177/0148607116676592
https://doi.org/10.1186/s12937-015-0081-5
https://doi.org/10.1001/jamasurg.2019.0995
https://doi.org/10.1186/s12891-021-04166-z
https://doi.org/10.1056/NEJM198204223061606
https://doi.org/10.1186/s12889-019-7372-2
https://doi.org/10.1016/s0749-0704(03)00093-9
https://doi.org/10.1079/BJN20041258
https://doi.org/10.1097/CCM.0000000000001525
https://doi.org/10.1038/ajg.2016.28
https://doi.org/10.1056/NEJM199108223250801
https://doi.org/10.3390/medicina57101072
https://doi.org/10.1097/WON.0000000000000057
https://doi.org/10.1016/j.jss.2008.02.066

	Impact of nutrition on skin wound healing and aesthetic outcomes: A comprehensive narrative review
	Introduction
	Methods
	Results
	Essential nutrients for patients undergoing cosmetic treatments
	Macronutrients
	Micronutrients
	Other nutritional interventions
	Association between nutritional status and the risk of postoperative complications
	Preoperative nutritional and endocrine optimization

	Conclusion
	Declaration of competing interest
	Ethical approval statement
	Acknowledgements
	Financial Disclosure and Products
	References


