OPEN 8ACCESS

Research Article

ISSN: 2835-9496

Hassan M, et al. (2025): 1000
Ameri J Clin Med Re, 2025; 5(6): 100227
DOI: 10.71010/AJCMR.2025-e227

American Journal of Clinical and Medical Research

Malabsorption Syndromes' Influence on Chronic Wound Healing in Patients with
Gastrointestinal Resection

Muhammad Hassan, MDY, Amir Memarian?, Ceilia Severini, MS?, Olivia Biddle*, Parker Spradley®, Kyle Taylor, BAS,
Marcela Pereira Rohden’, Arghavan Seyed Vosoughi®, Kelly Frasier, DO, MS®

!Department of Internal Medicine, Nuvance Health/Vassar Brothers Medical Center, NY

2A.T. Still School of Osteopathic Medicine in Arizona, Mesa, AZ

3A.T. still School of Medicine in Arizona, Mesa, AZ
4Marian University College of Osteopathic Medicine
SUNT Texas College of Osteopathic Medicine, Fort Worth, TX

®Kansas City University College of Osteopathic Medicine, Kansas City, MO, kyletay20@gmail.com

"Medical School, Universidade Regional de Blumenau, SC, Brazil

8Philadelphia College of Osteopathic Medicine, PA,

°Department of Dermatology, Northwell Health, New Hyde Park, NY

*Corresponding author: Muhammad Hassan, MD, Department of Internal Medicine, Nuvance Health/Vassar Brothers Medical

Center, NY. Email: mhsn014@gmail.com

Citation: Hassan M, Memarian A, Severini C, Biddle O, Spradley P, et al. (2025) Malabsorption Syndromes' Influence on Chronic
Wound Healing in Patients with Gastrointestinal Resection. Ameri J Clin Med Re: AJCMR-227.

Received Date: 03 June, 2025; Accepted Date: 09 June, 2025; Published Date: 13 June, 2025

Introduction

A gastrointestinal resection is a procedure where part of the
gastrointestinal tract is removed. In patients with
gastrointestinal stromal tumors, resections are performed when
there are signs of bleeding, necrosis, heterogeneous
echogenicity, and ulceration [1]. For Crohn's disease patients,
treatment is required if complications appear such as
perforation, persisting or recurrent obstruction, abscess,
dysplasia, cancer, or intractable hemorrhage [2]. Moreover,
patients with upper gastrointestinal cancers may have
adenocarcinoma, adenoma, or lymphoma [3]. In a meta-analysis
observing ulcerative colitis (UC) and crohn's disease (CD)
patients, the 5-year cumulative risks of colectomy in UC patients
was approximately 7% and the risk of surgery in CD patients
was around 18% [4]. According to the American College of
Surgeons National Surgery Quality Improvement Program
(ACS-NSQIP), colectomy and small intestine resection pose
risks to patients due to the high morbidity and mortality rates
[5]. Patients who have undergone gastrointestinal resection are
at risk of short and long term outcomes. Notably, short term
outcomes include anastomotic leakage, infections, and
reoperations [6]. In addition, long term outcomes include
diarrhea, appetite loss, bowel dysfunctions and eating
restrictions, significantly affecting quality of life [7].

Loss of absorptive surface area in the gastrointestinal tract will
reduce nutrient absorption. The American Gastroenterological
Association states certain areas lost in the intestine can lead to
vitamin B12 deficiency or fat malabsorption [8]. Furthemore,
the disruption of tight junction proteins like claudin-2 and
claudin 15 will disrupt glucose absorption [9]. In patients who
have undergone a total gastrectomy or extensive small bowel
resection will have the highest nutritional risk. Patients that
underwent Total gastrectomy will experience lean body mass
loss, overall weight loss, and micronutrient deficiencies [10].
Similarly, patients who have had Extensive small bowel
resection will experience short bowel syndrome and will need
long term-parenteral nutrition [11]. This reliance on nutritional
delivery will negatively impact the patient's quality of life. With

the progression of surgical techniques and postoperative
medical treatment, the long term survival rate of patients has
increased, however, the long-term complications from the
surgeries have a higher likelihood of posing risks. Certain
conditions from the surgeries can arise, such as exocrine
pancreatic insufficiency (EPI), bile acid malabsorption (BAM),
and small intestinal bacterial overgrowth (SIBO) [12]. Although
patients are surviving longer, these factors significantly decrease
their ability to live a balanced day-to-day life.

A crucial consequence of malnutrition is the weakening of the
immune response, which will reduce the body's ability to fight
infections and increase the risk of postoperative complications
like an intra-abdominal abscess [13]. Malnutrition will affect the
body's ability to produce collagen, causing delayed wound
healing [14]. A consequence of malnutrition in these patients
results in longer hospital stays [15]. In patients who underwent
rectal cancer surgery, malnutrition was linked to a higher 30-day
mortality rate and other complications [15]. As discussed prior,
malnutrition can impair wound healing and collagen synthesis.
Immunonutrition can enhance phagocytic activity, which will
increase the number of T-helper cells, which is vital for immune
surveillance [16]. The objective of this systematic review is to
analyze evidence linking chronic wound healing to
malabsorption. The review will examine how physiological
issues impact wound healing and the potential therapeutic
treatments.  Understanding  the  relationship  between
malabsorption and wound healing will provide strategies on
better post operative care and improved healing outcomes in
patients who have undergone gastrointestinal resection.

Methodology

This narrative literature review was conducted to integrate
current knowledge and outlooks related to malabsorption,
wound healing, and gastrointestinal resection. An extensive
search of peer-reviewed literature was conducted using the
following databases: PubMed, Scopus, Web of Science, and the
Cochrane Library, in order to identify relevant studies on
malabsorption, wound healing, and gastrointestinal resection.
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The search strategy encompassed combinations of relevant
keywords, such as “malabsorption,” “gastrointestinal
resection,” “wound healing,” “nutritional deficiency,” and
“postoperative complications.” Studies published in English and
within the last thirty years were prioritized to maintain relevance
and reflect current understanding. However, seminal or highly
cited older studies were included when appropriate.

Inclusion criteria comprised studies that focused on human
subjects and employed rigorous methodologies, such as
randomized controlled trials (RCTSs), systematic reviews, and
meta-analyses. Studies with these methodologies were
prioritized. Additionally, studies discussing malabsorption,
wound healing, and gastrointestinal resection were also
emphasized. Exclusion criteria for the search included non-
English studies and non-peer-reviewed articles and publications,
opinion pieces, case reports (except those incorporated within
larger studies), conference abstracts without full data, articles
lacking scientific rigor or relevance to the review focus, and
animal studies, besides those that directly compared findings to
current human data.

Data extraction focused on study design, patient characteristics
and demographics, approaches to nutritional assessment, wound
healing outcomes (such as time to closure, infection rates, and
scar formation) and interventions (including dietary changes,
nutritional supplementation, and enteral or parenteral nutrition).
The quality of evidence was evaluated using the Grading of
Recommendations, Assessment, Development, and Evaluation
(GRADE) framework.

To refine the search, a Boolean strategy was employed
incorporating combinations of keywords derived from the
research focus. Terms such as “malabsorption syndrome,”
“gastrointestinal resection,” “chronic wound healing,” and
“postoperative complications” were combined with nutritional-
related terms including “nutritional deficiency,” “micronutrient
deficiency,” “zinc deficiency,” “vitamin A,” and “vitamin C.”

Additional  keywords included  “collagen  synthesis,”
“angiogenesis,” “immune function,” “enteral nutrition,”
“parenteral  nutrition,”  “nutritional  supplementation,”
“arginine,”  “glutamine,” and  “hydroxymethylbutyrate

(HMB).” Terms related to specific clinical contexts, such as
“surgical wound healing,” “inflammatory bowel disease,” and
“malnutrition, ” were also incorporated into the search. Boolean
operators (AND, OR) were used to combine terms and narrow
results to studies specifically addressing both malabsorption and

wound healing mechanisms or outcomes.

The quality of studies was assessed with priority given to study
design, ranking randomized controlled trials (RCTs) highest,
followed by cohort studies and case reports. Literature was
thematically organized and critically examined to identify key
patterns in nutritional deficiencies, wound healing mechanisms,
and postoperative outcomes. Rather than providing a
comprehensive systematic review, this narrative synthesis aims
to interpret the most impactful findings that contribute to current
understanding of malabsorption, wound healing, and
gastrointestinal resection, while also highlighting knowledge
gaps and emerging concepts.

Pathophysiology and Mechanisms: How Malabsorption
Impairs Wound Healing

Individuals who have undergone gastrointestinal resection,
whether it be for disease, a malignant tumor, or a benign
condition, face an increased risk of nutritional deficiencies
depending on the location of anatomical loss. Resection of the
duodenum, for instance, which is the primary site of absorption
of iron and fat-soluble vitamins, can lead to deficiencies in these
nutrients [17]. Patients undergoing weight-loss surgical
procedures also run the risk of nutritional deficiencies. Though
multiple types of weight-loss surgeries exist, malabsorptive
types bypass portions of the small intestine essential for nutrient
absorption, raising the risk for nutritional deficiencies [20].
Gasmi et al (2022) further describe how undigested food
entering the ileum suppresses pancreatic secretion, increasing
malabsorption. Nutritional deficiencies can manifest as a range
of clinical presentations. Deficiencies in vitamin C or zinc, for
example, can lead to impaired wound healing [20]. The onset of
nutritional deficiencies following gastrointestinal resection or
weight-loss surgeries, along with the adverse consequences,
highlights the importance for patient monitoring and appropriate
supplementation post-procedure.

Patients with an underlying disease, such as irritable bowel
disease (IBD) or malignancy, are more likely to experience
worsened nutritional outcomes following gastrointestinal
resection. Prior to surgery, individuals with IBD or malignancy
often present with a combination of malnutrition,
immunosuppression, and systemic inflammation [18, 19]. In
malignancy, malnutrition may arise from reduced appetite,
gastrointestinal function, or nutrient absorption. When coupled
with inflammation, this may lead to cachexia, a syndrome
characterized by metabolic wasting and muscle imbalance [19].
Surgical intervention may exacerbate these pre-existing issues,
further compromising the immune response and delaying wound
healing. These factors should be considered when assessing the
patient before their procedure, as early intervention may help to
enhance outcomes.

Malnutrition affects both collagen synthesis and tissue repair by
disrupting the absorption nutrients required for the production
and stabilization of collagen fibers. Collagen, an essential
structural protein, is made up of glycine, proline, and
hydroxyproline [21, 22]. The formation of this triple-helix
protein depends on various cofactors, including vitamins A, C,
and essential minerals like iron and zinc [22]. Consequently,
deficiencies in any of these nutrients can hinder collagen
formation and compromise the structural integrity of tissues.
Vitamin C in particular has an important role as a cofactor for
the hydroxylation of lysine and proline to hydroxylysine and
hydroxyproline, two proteins that enhance the stability of
collagen through cross-linking [26]. Further, vitamin A inhibits
collagenase [26], preventing the breakdown of collagen.
Without adequate levels of these nutrients, the body’s ability to
synthesize collagen is compromised.

Proteins are broken down into essential amino acids for tissue
growth, repair and maintenance, as well as maintaining
intravascular oncotic pressure [26]. Sufficient protein intake is,
therefore, essential for effective wound healing and fluid
homeostasis, preventing pathological conditions such as edema.
Protein provides amino acids for collagen synthesis, an
important component in the formation of granulation tissue, a
temporary, highly vascular tissue involved in tissue repair [22].
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Therefore, protein deficiency can impair granulation tissue
formation, leading to delayed healing. That being said, it is
important to note that the utilization of certain proteins requires
other nutrients as cofactors [26]. This should be considered
when assessing a patient’s nutritional status to determine
whether protein deficiency is the primary issue or a deficiency
in another nutrient is impairing the healing process.

Deficiencies in vitamin A, iron, and zinc impact angiogenesis,
whether that is inhibiting or promoting the process. Vitamin A
is known to promote angiogenesis and epidermal proliferation
[23, 26]. Although a deficiency in vitamin A may impair
angiogenesis, a zinc deficiency may produce symptoms that
closely resemble a vitamin A deficiency. Zinc is required for the
synthesis of the transport proteins for vitamin A absorption, as
well as the vitamin A metabolic pathway [26]. Additionally,
zinc itself has a direct role in angiogenesis by stimulating the
production of vascular endothelial growth factor (VEGF) [24].
While vitamin A and zinc support angiogenesis, it is iron
deficiency that promotes this process. Iron is required for
hemoglobin synthesis and delivery of oxygen to the tissues, and
its deficiency can result in tissue hypoxia [26]. Several
mechanisms have been proposed to explain how iron impacts
angiogenesis. lron deficiency stabilizes hypoxia-inducible
factor 1-alpha (HIF-1a), supporting the transcription VEGF [24,
25]. Similarly, excess iron generates reactive oxygen species,
which also increase HIF-1a levels [25]. The pro-angiogenic
effects of micronutrients are complex and can be influenced by
both deficiencies and excesses, highlighting the importance of
balanced nutrient levels in regulating angiogenesis.

Malnutrition significantly impairs cellular immunity and the
inflammatory response, both of which are important for wound
healing. Deficiencies in essential nutrients disrupts immune cell
function. As a result, the inflammatory response is diminished,
impairing the recruitment of immune cells and weakening the
overall immune defense. Vitamin A plays an important role in
immune modulation by promoting cytokine production,
supporting B- and T-cell maturation, and enhancing macrophage
and NK cell activity [27]. Additionally,vitamin A promotes the
regeneration of mucosal epithelial cells [27]. A deficiency in
vitamin A will lead to a depressed innate and adaptive immune
response. Vitamin C is an essential antioxidant that neutralizes
reactive oxygen species, downregulates pro-inflammatory
cytokines, and suppresses activation of the nuclear factor kappa-
light-chain-enhancer of activated B cells (NF-xB) signaling
pathway, a central regulator of inflammation, with zinc acting in
a similar anti-inflammatory manner [27]. Because essential
nutritional deficiencies have a profound impact on the immune
response, it is important to address said deficiencies to optimize
a patient’s outcome. Ensuring proper nutrition supports immune
function and enhances the body’s ability to repair and regenerate
tissue.

Factors Influencing the Severity of Malabsorption

Different nutrients are absorbed into the bloodstream at different
segments of the GI tract. Most absorption of macronutrients
(proteins, carbohydrates, and lipids) occurs in the small
intestine, while the colon absorbs water and electrolytes.
Starting proximally, the mouth, esophagus, and stomach are
involved in food digestion rather than absorption. The gastric
parietal cells of the stomach fundus and body produce intrinsic
factor, which binds to cobalamin (B12), allowing for B12
absorption in the terminal ileum of the small intestine [28].

Moving distally, the duodenum is the first segment of the small
intestine and the first site of absorption for several vitamins and
minerals. These include iron, calcium, phosphorus, magnesium,
copper, selenium, thiamin B1, riboflavin B2, niacin B3, biotin
B7, folate B9, and the fat-soluble vitamins A, D, and E, and K.
The jejunum is the second segment of the small intestine. In
addition to the water and fat-soluble vitamins, iron, and calcium
absorbed by the duodenum, the jejunum also absorbs
pantothenic acid B5, pyridoxine B6, ascorbic acid C, zinc, and
macronutrients: lipids, monosaccharides, and small peptides.
The ileum is the terminal segment of the small intestine. Like
the other segments, the ileum absorbs magnesium and vitamins
B9, C, K and D. The ileum is the only segment that absorbs
vitamin B12 and bile salts and acids [29]. Finally, the large
intestine absorbs water, electrolytes, vitamins, and short-chain
fatty acids. Potassium, sodium, and chloride are transported
across the colonic lumen, creating an osmotic gradient that
brings water into the bloodstream as well. Additionally, colonic
bacteria produce vitamin K and B vitamins that are absorbed in
the colon [30].

Different resection types correlate with deficiencies in the
nutrients absorbed by the resected GI segments. These include
vitamin deficiencies, mineral deficiencies, and malnutrition. For
example, duodenal resection without supplementation can result
in iron deficiency, hypocalcemia, fat-soluble vitamin
deficiency, and deficiencies in vitamins B1, B9, and B12 [31].
However, small intestinal resection does not always result in
nutrient deficiencies. There is overlap in the nutrients absorbed
by the three segments, and the remaining intestines compensate
for the resected segment through small bowel adaptation to
increase the absorptive surface [32]. Therefore, resection length
is an important prognostic factor, as the absorptive capacity of
the small intestine is preserved in patients with over 50% left. If
the resection is extensive, patients will suffer from fat and
carbohydrate malabsorption and depend on parenteral nutrition
[31]. As mentioned previously, the malabsorptive state caused
by extensive Gl resection is referred to as short bowel syndrome.
Since bile salts and vitamin B12 are absorbed exclusively in the
terminal ileum, resection of >60cm of this segment will cause
B12 deficiency and bile salt malabsorption [33]. Colonic
resection does not greatly impair nutrient absorption, but it does
cause chronic salt and water losses [34].

Individuals with preexisting conditions such as Inflammatory
Bowel Disease (IBD) and cancer cachexia are at an increased
risk of becoming malnourished. IBD patients often have
decreased oral food intake, increased Gl losses, and
malabsorption secondary to mucosal damage. IBD patients
experience nausea and abdominal pain, leading to appetite loss
[35]. Additionally, mucosal damage impairs the transport of
nutrients, fluid, and electrolytes across the intestinal lumen,
leading to malabsorption and diarrhea [36]. Cancer cachexia
also contributes to malnutrition by reduced oral intake,
increased metabolism, and inflammation. Both systemic tumor
effects and cancer treatment such as chemotherapy can cause
nausea, vomiting, and pain, leading to decreased oral intake
[37]. However, the malnutrition observed in cancer cachexia is
mostly due to tumor-derived factors, hormones, and
inflammatory cytokines increasing metabolic demand [38].
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The main comorbid conditions affecting malabsorption include
Gl disorders, pancreatic disease, liver disease, heart failure,
diabetes, cancer, and chronic infections. In addition to IBD and
short bowel syndrome discussed above, celiac disease also
causes malabsorption because immune-mediated damage to the
villi reduces the absorptive surface of the small intestines [39].
Patients with chronic pancreatitis produce less pancreatic lipase,
so they suffer from fat maldigestion and fat-soluble vitamin
deficiencies [39]. Liver disease such as cirrhosis causes reduced
bile salt synthesis, and bile duct damage or obstruction impairs
secretion of bile salts, which also cause fat maldigestion and fat-
soluble vitamin deficiencies [36]. Chronic heart failure leads to
splanchnic venous congestion and intestinal hypoperfusion,
which cause malabsorption and contribute to cardiac cachexia
[40]. Diabetes can cause gastroparesis, which slows gastric
transit, causing Small Intestinal Bacterial Overgrowth (SIBO).
Food stagnation leads to an overgrowth of bacteria >10° colony
forming units (cfu)/mL of bacteria in the proximal small
intestine. These bacteria break down bile salts, causing fat
malabsorption [41]. Cancer contributes to malnutrition as
discussed above, and Gl cancers in particular can cause
malabsorption by damaging the intestinal lining. Lastly, Gl
infections that cause malabsorption include Tropical sprue,
Whipple’s disease, Giardiasis, and H. pylori duodenitis [36].

Malabsorption is more common in the elderly than the younger
age groups, although the mechanisms causing malabsorption are
different. Digestive enzyme production is mostly preserved with
age, and aging alone does not significantly decrease pancreatic,
biliary, or intestinal function [42]. However, comorbid
conditions such as heart failure, diabetes, and cancer are more
common in the elderly population. Additionally, the elderly are
more likely to be on medications that affect Gl transit such as
opioids, PPIs, and calcium channel blockers. SIBO secondary to
slowed Gl transit is a common cause of malabsorption in this
population [43]. In the young, malabsorption is typically
secondary to congenital or early-onset conditions such as cystic
fibrosis, celiac disease, or lactase deficiency.

Finally, a strong baseline nutritional status protects against the
effects of malabsorption by delaying malnutrition. Individuals
with sufficient stores of macro and micronutrients can better
tolerate nutrient losses from temporary malabsorption [44].
They also have improved immune function and enhanced Gl
tract tissue integrity. Alternatively, patients with poor baseline
nutritional status suffer from a negative feedback loop that leads
to persistent malnutrition. Deficiencies in vitamins A, D, C, E,
B6, and B12 as well as folate, zinc, iron, copper, and selenium
have been shown to impair immune cell function and decrease
antibody production [45, 46].

Assessment of Nutritional Status in Postoperative Patients

An abundance of nutritional screening and assessment tools
have been utilized to evaluate nutritional risk, however, there is
still no consensus on the most recommended [47]. A few of the
most used nutritional screening tools include the Nutritional
Risk Screening 2002 (NRS-2002), Subjective Global
Assessment (SGA), and Mini Nutritional Assessment (MNA).
Each of these examples is implemented in their unique setting
and patient population. The NRS-2002 is most often utilized in
the inpatient setting to identify patients who are at risk of
malnutrition. Nutritional risk screening using the NRS-2002 has
been assessed and validated in hundreds of studies, strongly
correlates with complications, and is reliable [47, 48]. On the

other hand, SGA is used in many different settings within a
hospital clinical practice and combines a medical history review
with a physical examination. SGA is unique in that it includes
subjective evaluations, which can be useful in certain instances.
However, it does not account for biochemical values, and its
sensitivity, precision, and reproducibility have not been
extensively proven [48]. Lastly, MNA is often used with
geriatric patients and includes diverse components (loss of
appetite, altered sense of taste and smell, loss of thirst, frailty,
depression) in addition to anthropometric measurements,
nutritional habits, general condition, and self-evaluation. A
study published by Raslan et al. (2010) evaluated the ability of
the NRS-2002 and MNA to predict unfavorable clinical
outcomes (e.g., complications, very long hospital stays, and
death). They reported similar performance in predicting
negative clinical outcomes between the two, but NRS-2002
seemed to provide the best yield [49]. This demonstrates the
effectiveness of both tools, however, the NRS-2002 appears to
have a better performance compared to MNA. Nutritional
screening is crucial to identify patients at risk and should be
performed in a systematic way using the most appropriate tool
for the setting and patient.

The timing of screening is an important consideration so that
appropriate interventions can be administered promptly. Most
studies recommend screening patients preoperatively. For
instance, patients undergoing gastrointestinal surgery should be
screened at least ten days before the procedure due to research
findings of how malnutrition significantly impacts surgical
outcomes [50]. Benoist et al. (2015) found that there is a 20%
reduction in postoperative morbidity when preoperative
nutritional management occurs. In addition, there is evidence
that preoperative screening can predict postoperative
complications. A 2023 prospective study with 126 patients who
underwent general and gastrointestinal surgery demonstrated
that preoperative nutritional risk was associated with a greater
development of complications and length of stay [51]. Thus,
early screening in the preoperative period is essential to lower
the risk of morbidity and mortality postoperatively.

Risk stratification is utilized so that interventions can be
prioritized for patients in most need of care. This consists of
categorizing individuals into nutritional groups based on their
level of nutritional risk. Four nutritional groups can be
established based on the presence of malnourishment, the
presence of risk factors for malnutrition, and whether the
planned surgical intervention is at a high risk of morbidity [50].
Group | contains non-malnourished patients, AND no risk factor
for malnutrition, AND surgery not at high risk of morbidity;
Group Il contains non-malnourished patients, AND at least one
risk factor of malnutrition present, OR surgery at high risk of
morbidity; Group Ill contains malnourished patients AND
surgery not at high risk of morbidity; Group IV contains
malnourished patients AND surgery at high risk of morbidity
[50]. By categorizing individuals into these four nutritional
groups, it enables a more efficient use of resources and a
prioritization of correct interventions. Ultimately, those at most
risk for malnutrition in terms of present status, risk factors, and
surgical procedures should be prioritized for interventions.

Biomarkers such as albumin, prealbumin, transferrin, and serum
zinc are frequently used in the assessment of nutritional status.
Most studies report concerns regarding their reliability,
especially in states of starvation [52], anorexia nervosa [53], and
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in the functionally impaired elderly [54], however, they continue
to be used. The capacity of each biomarker to reflect nutritional
status can be influenced by their half-lives and certain
environments. The half-lives of albumin and prealbumin have
an impact on the evaluation of long-term and short-term
nutritional status. For example, albumin has a half-life of
approximately 20 days, while prealbumin has a half-life of two
to three days. Given the differences, the shorter half-life of
prealbumin makes it a better indicator of acute changes in
nutritional status [55]. Additionally, there is controversy
surrounding the use of transferrin as a marker for nutritional
status. Some studies have found transferrin useful, while others
have not as their levels are influenced by iron status [55]. Lastly,
serum zinc is useful in many enzymatic reactions and immune
functions. Although serum zinc may be used to evaluate
nutritional status, it is not as often utilized, as albumin and
prealbumin are more widely used [56]. Albumin, prealbumin,
transferrin, and serum zinc can all be utilized to assess
nutritional status but need to be evaluated with an understanding
of their limitations.

Albumin, prealbumin, and transferrin are negative acute-phase
proteins, which means their levels are influenced by
inflammatory states and physiological dysfunction. This directly
alters their dependability as a diagnostic test, as decreased levels
may not be secondary to malnutrition, rather, certain
inflammatory states. For instance, albumin exhibits decreased
levels in states of infection, burns, fluid overload, hepatic
failure, cancer, and nephrotic syndrome [56]. Prealbumin shows
decreased levels in renal dysfunction, corticosteroid therapy,
physiological stress, infection, and liver dysfunction [56].
Transferrin levels are influenced by liver disease, fluid status,
stress, and illness [56]. Given the circumstances that can
influence levels of these biomarkers, it brings about reliability
concerns during inflammatory states. In addition, the role of zinc
in immune function can lead to a decrease in levels during
inflammation [57]. This has the potential to lead to inaccuracies
in the diagnosis of malnutrition if biomarker levels are evaluated
during an inflammatory state. Due to this, the interpretation of
these biomarkers must be performed cautiously in the context of
inflammation and acute-phase response.

The major consensus throughout the literature is that albumin,
prealbumin, transferrin, and serum zinc are not reliable on their
own, but should be used as a complement to medical history and
physical examination [56]. This is where the utilization of the
Subjective Global Assessment (SGA) is useful as it allows
clinicians to evaluate for changes in subcutaneous fat, overall
body muscle mass, muscle strength, and overall functional
status. For instance, in a prospective study of 154 patients with
esophageal cancer, the physical examination was the only tool
that strongly correlated with malnutrition [56]. This highlights
the importance of physical examination in diagnosing
malnutrition because it allows clinicians to detect subtle
presentations that may not be revealed in lab tests. Ultimately,
biomarkers may provide insight into the nutritional status of a
patient, however, physical examination is a better tool for
diagnosing malnutrition post-GI resection.

Nutritional Interventions and Their Impact on Wound
Healing

Supplements such as arginine, glutamine, vitamin C, and zinc,
primarily used in combination, show good clinical results in
patients with wounds or those predisposed to such skin lesions
[58].

Proteins are directly involved in the tissue repair process and
cellular renewal. Nitrogen must be properly regulated through
increased protein synthesis. Protein deficiency is associated
with impaired wound healing and a higher rate of complications.
In this context, arginine either alone or in combination with
antioxidants, as well as enteral therapy for the treatment of
pressure ulcers, accelerates the healing process and reduces the
length of hospital stay. Furthermore, it is also associated with a
reduction in the area and depth of the lesion [59].

Vitamin C is associated with collagen synthesis and the
reduction of reactive oxygen species. It also contributes to
calcium metabolism and the immune response. Its deficiency
leads not only to wound complications but also to the formation
of abnormal scars [58].

Zinc plays an important role in wound healing. When used
topically, it acts as an antiseptic and anti-inflammatory agent.
Zinc oxide at 1% increases mitotic rates and re-epithelialization
[60].

Nutrient supplementation is recommended after intestinal
resection, especially for oncologic patients. Thus, oral diet
supplementation becomes necessary to achieve an adequate
amount of nutrients in both the immediate postoperative period
and in the long term. Enteral or parenteral nutrition is
recommended if oral diet supplementation alone becomes
insufficient, as the diet will be adapted depending on the
individual case and each surgery’s tolerance [61].

The implementation of this treatment plan within 24 hours after
surgery has been shown to improve intestinal motility, stimulate
protein synthesis, and maintain muscle function. In
postoperative ileus, early enteral feeding reduces infection rates
and shortens the length of hospital stay. In contrast, in upper
gastrointestinal tract surgeries, oral nutrition is delayed due to
the risk of complications such as aspiration pneumonia.
Therefore, it is important to understand that enteral nutrition is
often preferred due to the higher protein availability and shorter
healing time, especially in extensive surgeries [61].

In addition to the aforementioned benefits, there are noticeable
improvements directly related to skin wound healing, such as
increased collagen synthesis, enhanced immune response, and a
reduction in both the size and depth of skin lesions [60].

Systematic reviews [59], scoping review [60] and review
articles [58, 61] have compared nutritional supplementation
with no supplementation, as well as diets rich in sugars and fats.
As a result, it is possible to observe a lower reabsorption of
essential nutrients and a decrease in the immune response in
these cases. These are essential factors for a better prognosis in
patients with skin lesions and show a significant difference in
response to the proposed treatment.
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Discussion and Future Directions

MS is highly prevalent in patients post gastrointestinal resection
and this may directly affect wound healing as patients would
experience deficiencies in nutrients and minerals essential for
the healing process. These deficiencies disrupt collagen
synthesis, angiogenesis, and immune functions of the body.
Current studies support that adequate nutrition is essential for
wound healing as it necessitates proficiency in cellular
activities, including the production of nucleic acids, proteins,
and other elements needed in the development and
differentiation of functional tissue [58, 62].

The studies reviewed had several limitations including small
sample sizes that reduced statistical power and significant
potential for confounding variables in the samples such as age,
sex, race, and socioeconomic status that limited the ability to
draw causal interpretations. The use of different methodologies
and inconsistencies in MS diagnostic and measurement criteria
across studies contributes to additional biases. Differences in the
type and location of patients’ gastrointestinal resection
procedures as well as their dietary restrictions following the
procedure could also lead to varying degrees of nutritional
deficiency, making it difficult to compare outcomes across
studies.

To address current limitations, future research should include
more randomized clinical trials and longitudinal studies to
assess the impact of MS and possible nutrition interventions on
wound healing. Additionally, it is necessary to introduce
standardized nutritional assessment methods to improve
comparability across studies [63].

To optimize wound healing in patients with MS following Gl
resection, individualized nutritional plans may be integrated into
surgical recovery. The involvement of dietitians, surgeons, and
gastroenterologists in the nutritional management of patients
may play a significant role for timely intervention for
deficiencies that impair healing. Embedding proactive
nutritional strategies into surgical care would reduce
complications and enhance wound healing [58].
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