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Significance: The role of immunonutrition in wound healing has been an area
of both interest and controversy for many years. Although deficiencies in
certain nutrients have long been known to impair healing, supplementation of
specific immune modulating nutrients has not consistently yielded improve-
ments in wound healing. Still, the prospect of optimizing nutrition to assist the
immune system in wound repair bears great significance in both medical and
surgical fields, as the costs of wound care and repair cannot be ignored.
Recent Advances: Recent studies have rekindled efforts to elucidate the roles
of specific immunonutrients, and we now have a better understanding of the
conditionally essential role of various nutrients such as arginine, which be-
comes essential in certain clinical situations such as for the trauma patient or
patients at high risk for malnutrition. Immunonutrition in its current for-
mulation usually includes supplementation with arginine, glutamine, omega-3
fatty acids, vitamins, and trace minerals, and its use has often been associated
with decreased infectious complications and sometimes with improvements in
wound healing.
Critical Issues: A key to understanding the role of immunonutrition in wound
healing is recognizing the distinct contributions and importance of the various
elements utilized.
Future Directions: Critical areas for future study include identifying the spe-
cific populations, timing, and ideal composition of immunomodulating diets in
order to optimize the wound healing process.

SCOPE AND SIGNIFICANCE
This review outlines our current

knowledge of immunonutrition and
its role in wound healing. In addition,
the future direction of research and
potential areas of innovation will be
discussed.

TRANSLATIONAL RELEVANCE

The role of immunonutrition in
wound healing stems from the physi-
ologic role of specific nutrients. A sig-
nificant portion of the research that
provided a foundation for our cur-
rent use of immunonutrition was
performed in the 1990s as scientists

began defining the roles of specific
immunological processes in the natu-
ral sequence of wound healing. This
continues to the present date with
studies evaluating the molecular in-
teractions and processes that contrib-
ute to the wound healing sequence.

CLINICAL RELEVANCE

Immunonutrition is already known
to decrease wound complications, and
there is evidence which suggests that
in certain circumstances, it improves
the process and efficiency of wound
healing. Optimizing nutrition and
providing immunonutrients in the
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Abbreviations
and Acronyms

IL-6 = interleukin-6

IMD = immunomodulating diet

MF = macrophage

NO = nitric oxide

NOS = nitric oxide synthase

TNF-a = tumor necrosis factor
alpha
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correct settings may ultimately provide improved
clinical outcomes with regard to decreased wound
complications, decreased duration of wound healing,
and lower clinical costs associated with wound care.

BACKGROUND
Overview

Immunonutrition can be defined as the usage of
specific nutritional elements in an attempt to
modulate the immune system in a way that ben-
efits a certain injury or disease state. In recent
years, a number of studies and reviews have
evaluated the role of immunomodulating diets
(IMDs) or their components in wound healing.
Many variations in formulation and route of ad-
ministration have been used with mixed results.
Although most clinicians agree that the presence
of an ‘‘ideal’’ nutritional environment, as yet in-
completely defined, is beneficial to the process of
wound healing, the nature of this environment
and how it should be created is still a matter of
significant debate. Most of the literature on im-
munonutrition explores its impact on a wide va-
riety of important clinical outcomes (ventilator
times, hospital stays, rates of infection, and mor-
tality), in which the immune response plays a
pivotal role. Research on how immunonutrition
affects wound healing has often been extrapolated
from or interposed with studies looking at these
other clinical outcomes.

Methods
We performed a search of the MEDLINE, CI-

NAHL (Cumulate Index to Nursing and Allied
Health Literature), and Cochrane Library data-
bases, and reviewed the English language litera-
ture of human and animal studies pertaining to
immunonutrition and wound healing. MeSH terms
used included Immunomodulation, Dietary Sup-
plements, Wound Healing, Glutamine, Arginine,
Vitamins, Fatty Acids, Selenium, Zinc, and An-
tioxidants. Additional keywords included Im-
munonutrition. We also searched for relevant
references using the works cited from existing
published articles. No restrictions were made
based on date of publication.

The immune system in wound healing
With each successive phase in the normal se-

quence of wound healing, the immune system or-
chestrates a wide variety of processes. Different
immune cells have been shown to peak in number
and activity at different times during the healing
cascade, thus helping distinguish the different
stages of wound healing (Fig. 1).1

As platelets aggregate to provide hemostasis to
the injured area, they release chemoattractants
that draw inflammatory cells toward the area of
injury. As neutrophils arrive, they begin clearing
bacteria and cellular debris by phagocytosis. Sub-
sequently, the macrophages predominate, both
numerically and functionally, and release essential
growth factors and chemoattractants that signal
fibroblasts to migrate into the injured area. Fibro-
blasts then carry the wound through the prolifer-
ative and remodeling phase, synthesizing collagen
and releasing growth factors that facilitate epi-
thelialization, angiogenesis, and granulation.

Each of these cell populations and the complex
signaling pathways that regulate these stages of
wound healing depend on an intact and opera-
tional immune system. T lymphocytes comprise
another population of inflammatory/immune cells
that routinely invades the wound. Less numerous
than macrophages, T-lymphocyte numbers peak
at about 1 week post-injury and truly bridge the
transition from the inflammatory to the prolifer-
ative phase of healing. Though known to be es-
sential to wound healing, the lymphocytes’ role in
wound healing is not fully defined. Depletion of
wound T lymphocytes decreases wound strength
and collagen content, while selective depletion of
the CD8 + suppressor subset of T lymphocytes
enhances wound healing.2,3 Lymphocytes also
exert a down-regulating effect on fibroblast col-
lagen synthesis via several secreted lymphokines
(interferon gamma, tumor necrosis factor alpha
[TNF-a], and interleukin [IL]-1) and by cell-to-cell
contact.

Figure 1. The time course of the different cells appearing in the wound
during the healing process. Macrophages and neutrophils are predominant
during inflammation, whereas lymphocytes peak somewhat later and fibro-
blasts are predominant during the proliferative phase. Adapted with per-
mission from Witte and Barbul.1 To see this illustration in color, the reader is
referred to the web version of this article at www.liebertpub.com/wound
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‘‘Conditionally essential’’
Our growing knowledge of the physiologic role of

various nutritional elements has led to the recog-
nition that certain nutrients, which have commonly
been classified as nonessential, become essential in
certain clinical situations; hence the term, ‘‘condi-
tionally essential.’’ Indeed, most of the studies that
have found benefit from immunonutrition have fo-
cused mainly on critical care populations, trauma
victims, gastrointestinal cancer patients, or other
groups at high risk for malnutrition.

A prime example of this is arginine, a non-
essential amino acid, which is rapidly depleted
during periods of severe stress and is utilized in the
synthesis of collagen. It plays several roles which
are important to immune function and wound
healing that are further outlined next and, as such,
becomes essential in these catabolic states even
though it is usually abundant and nonessential in
normal physiologic states.

DISCUSSION

Immunonutrition, in its current formulation,
includes supplementation with arginine and/or
glutamine, omega-3 (x-3) fatty acids, different vi-
tamins, and trace minerals. The role of individual
nutrients has been studied with varied degrees of
thoroughness. As we review our current under-
standing of each of the following nutrients’ role(s)
in the process of wound healing, it becomes ap-
parent that their precise mode of action and/or ef-
ficacy are still being elucidated.

Amino acids

Glutamine. Glutamine is the most abundant
amino acid in the plasma and is a primary metabolic
fuel for rapidly proliferating cells. Although utilized
by immunologically active cells and cells that are
involved in wound repair, glutamine supplementa-
tion has not been shown to benefit wound healing.

Glutamine supplementation decreases infectious
complications, which is one of the clinical hallmarks
of its use of immunonutrition. Glutamine protects
against inflammatory injury by inducing the ex-
pression of heat shock proteins, which provide cel-
lular protection in states of inflammation, injury,
and stress.4,5 Furthermore, glutamine can modu-
late and preserve gut function, which is compro-
mised in severe stress. Glutamine, besides being an
important metabolic fuel, can also be considered an
important nutritional mediator of the inflamma-
tory response. When evaluating glutamine supple-
mentation on wound healing specifically, numerous
randomized trials have provided conflicting results.

For example, oral supplementation of glutamine
has been studied in treating oral mucositis for pe-
diatric patients who received stem cell transplants.
One study comparing glutamine supplementa-
tion with glycine (control) supplementation found
an overall decreased severity of mucositis and a
shorter course of analgesia and parenteral nutri-
tion needed.6 Another study using a higher dose of
enteral supplementation of glutamine did not show
any benefit in terms of incidence or severity of
mucositis in a population of pediatric oncology pa-
tients receiving chemotherapy.7

Although the benefits of glutamine supplemen-
tation have provided ample evidence to justify its
inclusion in IMD formulations, there has not been
consistent evidence supporting a direct benefit to
wound healing. Its role in wound healing is one
that is still under considerable debate.

Arginine. Arginine has numerous effects on
immune function and wound healing. Metaboli-
cally, arginine is a precursor to proline, and is thus
recruited specifically for collagen synthesis. It is
also a precursor for ornithine, which is critical for
polyamine synthesis, and for nitric oxide (NO, see
below).

Numerous studies in rodents and humans
show that supplemental arginine, administered
either orally or parenterally, accelerates wound
healing mainly by increasing collagen deposition
in wounds.8–11 Not only is collagen accumulation
increased by arginine supplementation, but
peripheral blood lymphocytes show increased
mitogenesis and activity as well. Although argi-
nine improves epithelial reconstitution after
intestinal injury,12 it has no effect on the re-
epithelialization of skin graft donor sites in pa-
tients or volunteers, whether given orally or
parenterally.13 However, in a randomized study
evaluating the effect of different doses of arginine
supplementation on stage II–IV pressure ulcers,
there was almost a twofold improvement in
healing time in the group receiving arginine.14

Arginine is the sole metabolic substrate for the
synthesis of NO, which plays a role in wound col-
lagen synthesis. NO is a small, short-lived free
radical derived from l-arginine through the actions
of three different isoforms of nitric oxide synthase
(inducible, endothelial, and neuronal NOS). The
expression and activity of inducible NOS is trig-
gered by many of the inflammatory stimuli and
cytokines present in the healing wound, leading to
high levels of NO that peak during the early in-
flammatory phase and into the proliferative phase
of wound healing. NO can react with oxygen to
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create reactive oxygen species, and it also regulates
gene expression and cellular differentiation. In-
hibition of NO synthesis in wounded animals re-
sults in weaker wounds and decreased collagen
synthesis, while situations of impaired healing
such as diabetes and malnutrition are associated
with low wound NO levels.15

Arginine availability can affect the immune re-
sponse in injured states and other disease pro-
cesses, establishing its role as an immunonutrient.
In clinical practice, arginine is included in most
tube or parenteral feeding formulas.16 As a single
agent, it is the best-studied component of im-
munonutrition, and the weight of evidence sug-
gests that arginine is beneficial to wound healing.

Omega-3 fatty acids
Essential fatty acids play a major role in immune

responses by altering the composition of cell mem-
branes and modulating cell signaling. Arachidonic
acid, a x-6 fatty acid, is arguably the most important
eicosanoid precursor to prostaglandins and leuko-
trienes. On the other hand, x-3 fatty acids dampen
inflammatory responses through their effects on ei-
cosanoid production and specific cytokines.17 As an
example, x-3 fatty acids inactivate the nuclear factor
kappa B signal transduction pathway, which medi-
ates TNF-a production from macrophages exposed to
lipopolysaccharide.18 Though understood to have
anti-inflammatory function, a recent study using an
acute blister model showed increased levels of pro-
inflammatory cytokines in the blister fluid of vol-
unteers supplemented with fish oil rich in x-3 fatty
acids. In addition, there was marginally longer
blister closure time compared with subjects without
fish oil supplementation.19

Early studies also suggested that x-3 fatty acids
have a detrimental effect on wound healing. Rats
fed diets enriched with x-3 fatty acids had signifi-
cantly decreased wound tensile strength 30 days
after injury, even though the levels of collagen were
similar20; it was postulated that the quality and
crosslinking of the collagen fibers were compro-
mised by the x-3 fatty acid supplementation.

x-3 fatty acids may prompt faster resolution of
inflammation within the wound microenviron-
ment, which should create a situation more con-
ducive to regeneration and re-epithelialization.21 A
small recent randomized controlled trial evaluated
a formula supplemented with fish oil on patients
with pressure ulcers and noted decreased pro-
gression of pressure ulcers in those receiving fish
oil supplementation.22

In conclusion, although the modulation of the
inflammatory response by x-3 fatty acid supple-

mentation is clear, its overall effect on wound
healing is not yet known.

Vitamins

Vitamin C (ascorbic acid). Vitamin C deficiency
results in scurvy, which has numerous cutaneous
and wound manifestations due to its critical role in
collagen formation and post-translational modifi-
cation. It is a cofactor in the hydroxylation of pro-
line and lysine residues in procollagen, which is
vital for the strength and stability of collagen fi-
bers. In addition, ascorbic acid enhances neutro-
phil function and acts as an antioxidant.

Although supplementation of non-deficient sub-
jects does not improve wound healing, some studies
have shown benefit from vitamin C supplementa-
tion after severe stress and/or injury. Mice sup-
plemented with vitamin C had improved full
thickness wound contraction time after radiation
therapy along with increased collagen deposition
and fibroblast numbers.23 In a prospective ran-
domized controlled trial, surgical patients with
pressure sores given large doses of ascorbic acid
had a significant acceleration in the healing of the
pressure sores.24 Overall, vitamin C supplemen-
tation has consistently shown benefit to wound
healing.

Vitamin A. Vitamin A deficiency impairs wound
healing. Vitamin A has multiple positive effects on
wound healing even in non-deficient states. It in-
creases collagen cross-linking and wound breaking
strength. Vitamin A increases the inflammatory re-
sponse in wounds through enhanced lysosomal
membrane lability, increased macrophage influx,
and activation and stimulation of collagen synthesis.
Vitamin A increases the number of monocytes and
macrophages at the wound site early in the inflam-
matory phase, facilitating epithelial cell differentia-
tion.25 Importantly, it reverses corticosteroid-induced
inhibition of cutaneous wound healing.26 Vitamin A
supplementation facilitates wound healing.

Trace elements

Zinc. Zinc is a cofactor in a number of intra-
cellular enzymatic reactions pertaining to wound
healing. It is also an antioxidant and confers re-
sistance against epithelial apoptosis; it even has
significant antibacterial properties. Its use as a
topical agent in the form of zinc oxide is widespread,
such as in the Unna boot bandages used in venous
stasis ulcerations. Oral or systemic supplementa-
tion of zinc does not improve wound healing except
possibly in individuals with low serum levels.27 A
recent Cochrane update determined that there is no
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benefit of oral zinc supplementation in patients
with leg ulcerations.28 Thus, although zinc defi-
ciency impairs wound healing and topical zinc has
been shown to be of benefit for wound healing, zinc
supplementation does not appear to improve wound
healing.

Selenium. Selenium has strong antioxidant
roles. There is some suggestion that it may expe-
dite wound healing in burn patients. A prospective,
randomized controlled trial investigated the effect
of large intravenous doses of trace elements (cop-
per, selenium, and zinc) on patients with major
burns and found that cutaneous concentrations of
those trace elements were increased, antioxidant
status (as measured by normalization of plasma
glutathione peroxidase level) was improved, and
wound healing was benefited as measured by
decreased graft requirement.29 The antioxidant
properties of selenium benefit wound healing.

Iron. Iron serves as a cofactor in collagen syn-
thesis. There are no studies which suggest that
iron supplementation alone benefits wound heal-
ing in the absence of a severe deficiency in the host.
There are some suggestions in the critical care
literature, however, that iron supplementation
moderates the immune response in inflammatory
states and especially in the prolongation of in-
flammation seen in iron deficiency.30 At this time,
there is no evidence that iron supplementation
benefits wound healing.

Antioxidants
Many of the individual nutrients discussed ear-

lier and others (vitamins A, C, E, zinc, selenium,
and b-carotene) have roles either as antioxidants or
as cofactors to antioxidants. Oxidative stresses,
while vital to innate immune responses, can cause
significant cellular damage, which can be detri-
mental to wound healing.

In a randomized double-blinded study, the role
of supplementation with vitamin E, vitamin C, and
zinc in 32 children was evaluated; the supplemen-
tation decreased the time of wound healing, which
correlated with decreased oxidative stress.31 In a
controlled trial of 20 trauma patients with wounds
that were failing to heal after trauma or surgery,
the provision of antioxidant micronutrients and
glutamine for 2 weeks resulted in significantly re-
duced wound closure time.32

It appears that antioxidants have the capacity to
expedite wound healing in certain clinical situa-
tions, but further studies are needed to elucidate
the role of oxidative stress in wound healing.

Immunomodulating formulas
In recent years, the use of IMDs has increased,

primarily in the critical care setting. The compo-
nents vary among different formulations, but most
contain a complement of vitamins, trace elements,
and key amino acids, including arginine (Table 1).

Wound complications and infections are de-
creased with the use of IMDs. In one metaanalysis
of 22 studies, infectious complications were de-
creased with an odds ratio of 0.49.33 These findings
confirm previous analyses on the use of IMDs in
critically ill patients and patients with cancer,
which also found decreased infectious complica-
tions in supplemented patients.34,35 However,
few randomized trials have looked primarily at the
effect of IMDs on wound healing. One of the few
such trials studied 66 patients with gastric cancer
who were randomized to receive early postopera-
tive enteral immunonutrition (with arginine, x-3
fatty acids, and RNA supplementation), and mea-
sured hydroxyproline deposition (as an index of
deposited collagen) in a subcutaneously implanted
catheter along with wound complication rates.
Patients provided with the IMD had higher local
hydroxyproline levels along with a significantly
decreased incidence of wound complication com-
pared with a control formula.36

Although the mechanism by which IMDs affect
wound healing is not entirely clear, a basic schema
is offered to summarize the role of various im-
munonutrients on the process of wound healing
(Fig. 2).

Ideal patient population
Trauma patients have been the most commonly

studied group to receive IMDs. The nature of
their illness and recovery more often than any
other group of patients represents an immediate

Table 1. Key components of commonly used
immunomodulating formulas

Impact Immun-Aid Perative

Calories (kcal/L) 1,000 1,000 1,300
Protein (g/L) 56 80 66.7
Carbohydrate (g/L) 130 120 180.3
Fat (g/L) 28 22 37.3
x-3 fatty acids (g/L) 2 1.1 1.5
Arginine (g/L) 12.5 14 8
Glutamine (g/L) — 12 —
Vitamin C (mg/L) 80 60 260
Iron (mg/L) 12 9 16
Zinc (mg/L) 15 26 20
Selenium (mcg/L) 100 100 61
Copper (mg/L) 1.7 2 1.8

Impact (Nestlé S.A., Vevey, Switzerland; www.nestle-nutrition.com);
Immun-Aid (B Braun, Irvine, CA); Perative (Abbott Laboratories, Columbus,
OH; www.abbottnutrition.com).
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challenge: They are generally in good health and
nutritional status immediately before their trau-
matic event, but their injuries often result in
malnutrition, septic complications, and prolonged
recovery.37

Immunonutrition has also been studied in pa-
tients undergoing extirpative operations for upper
gastrointestinal cancers and oropharyngeal can-
cers, both conditions notable for a high incidence of
malnutrition and postoperative wound infections.
IMDs have been found to be most effective in these
populations at high risk for malnutrition and septic
complications, which lends further support to the
principle that certain nutrients are conditionally
essential in populations under stress following
trauma.

Ideal timing of immunonutritional
intervention

The ideal timing and duration of utilizing im-
munomodulating feeding is not yet established. A
randomized trial compared outcomes in patients
undergoing surgery for gastrointestinal malignan-
cies who received standard diets or 7 days of preop-
erative immunomodulating formula against another
group receiving both preoperative and postoperative
immunomodulating formula (perioperative group).
A decreased incidence of complications was noted in
the groups receiving immunomodulating formulas,
with the best outcomes in the perioperative group.38

Similarly, another study examined patients un-
dergoing elective major abdominal surgery for up-
per gastrointestinal malignancies, randomizing
them to IMD starting 5 days before, 2 days before,
or only after surgery. Each group was continued on
the diet for 7 days after the surgery. C-reactive
protein and IL-6 levels on postoperative day 3 were
lower, and there were fewer infectious and nonin-
fectious complications in the 5 day group.39

Hospital costs for patients receiving 5 days of
preoperative immunonutrition were lower com-
pared with conventional treatment in a clinical
trial for patients with gastrointestinal cancer given
that perioperative complications were higher in the
conventional treatment group.40

FUTURE DIRECTIONS

A more recent development is a new focus on
the effects of high doses of key nutrients as op-
posed to providing broader and higher volumes
of supplementation, an effort called ‘‘pharmaco-
nutrition.’’41

A prospective, randomized clinical trial showed
that early enteral supplementation with a regimen
high in key immunonutrients was associated with
a faster resolution of sequential organ failure as-
sessment (SOFA) scores in critically ill patients.42

This subtle change in the field bears significance,
as there are now a number of clinical trials that are

Figure 2. Schema for the immunological role of various immunonutrients in wound healing. *Some studies suggest that the anti-inflammatory effects of x-3
fatty acids are beneficial to wound healing, rather than detrimental, as shown (discussed further in text). **Other antioxidants and antioxidant cofactors play
similar roles; these have been tested in trials as having an antioxidant effect mediating wound healing. MF, macrophage; TNF-a, tumor necrosis factor alpha.
To see this illustration in color, the reader is referred to the web version of this article at www.liebertpub.com/wound
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close to completion, such as the REDOXS
trial (Glutamine and antioxidant sup-
plementation)43 and the GLINT trial
(Glutamine supplementation alone)44,
which are aimed at showing specific
clinical outcome differences in the ma-
nipulation of levels of specific im-
munonutrients rather than an entire
formula. Although this shift still focuses
on mortality rather than wound healing
specifically, it will be interesting to see
what these new studies will reveal re-
garding the specific role of individual
immunonutrients on wound healing or
wound complications.

SUMMARY

Many advances have been made in the
field of immunonutrition. The widespread adoption
of immunomodulating diets is a testament to the
clinical value of our progress in this field. With
continued research, we can expect to see new dis-
coveries and therapies that will further improve
our ability to optimize wound healing.
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TAKE-HOME MESSAGES
� Certain immunonutrients that are usually abundant and ‘‘non-essential’’

become conditionally essential in specific clinical situations.

� Glutamine decreases infectious complications but has not been shown to
benefit wound healing directly.

� Arginine improves collagen accumulation and improves healing time.

� x-3 fatty acids have been shown to both impair and benefit wound healing
in different studies; its role in wound healing is still being elucidated.

� Supplementation of Vitamin A, C, and selenium benefit wound healing,
partly through antioxidant mechanisms

� IMDs have been found to be most effective in populations at high risk for
malnutrition and sepsis, such as trauma patients and patients with upper
gastrointestinal malignancies.

� Perioperative immunonutrition has shown promising results in decreasing
infectious complications, but wound healing has not yet been specifically
evaluated.
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