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Significance: Nutrition is one of the most basic of medical issues and is often
ignored as a problem in the management of our chronic wound patients.
Unfortunately, malnutrition is widespread in our geriatric patients even in
nursing homes in developed countries. Attention to basic nutrition and
providing appropriate supplements may assist in the healing of our chronic
wounds.

Recent Advances: Recent research has revealed the epidemiology of mal-
nutrition in developed countries, the similarities to malnutrition in devel-
oping countries, and some of the physiologic and sociologic causes for this
problem. More information is now available on the biochemical effects of
nutrient deficiency and supplementation with macronutrients and micro-
nutrients. In some cases, administration of isolated nutrients beyond re-
commended amounts for healthy individuals may have a pharmacologic
effect to help wounds heal.

Critical Issues: Much of the knowledge of the nutritional support of chronic
wounds is based on information that has been obtained from trauma man-
agement. Due to the demographic differences of the patients and differences
in the physiology of acute and chronic wounds, it is not logical to assume
that all aspects of nutritional support are identical in these patient groups.
Before providing specific nutritional supplements, appropriate assessments
of patient general nutritional status and the reasons for malnutrition must
be obtained or specific nutrient supplementation will not be utilized.
Future Directions: Future research must concentrate on the biochemical and
physiologic differences of the acute and chronic wounds and the interaction
with specific supplements, such as antioxidants, vitamin A, and vitamin D.

SCOPE AND SIGNIFICANCE

THIS REVIEW DISCUSSES the current
knowledge of nutrition as related to
the patient with chronic wounds. We
describe the demographic and physi-

TRANSLATIONAL RELEVANCE

Much of the current knowledge of
nutrition in relation to wound heal-
ing is inferred from the management
of acute wounds and may not be

ologic differences between acute and
chronic wound patients and define the
problem of malnutrition in developed
countries. A basic understanding of
the need for macronutrients and mi-
cronutrients and the value of specific
supplementation is provided.
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relevant to the patient with chronic
wounds. This review describes the
current state of available research on
the topic and demonstrates the limi-
tations of this information to guide
future research. Additional studies
that evaluate the supplementation
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with specific nutrients in patients with chronic
wounds will translate into improved patient care.

CLINICAL RELEVANCE

This review provides the clinician with knowledge
of basic nutrition, the epidemiology of malnutrition
in the chronic wound patient, and how to screen
these patients for malnutrition. The reader will
recognize that even an obese patient may have spe-
cific nutrient deficiencies. The literature is reviewed
regarding the value of macronutrient and micro-
nutrient supplementation. Recommendations for
supplementation are provided when appropriate to
assist in the care of patients.

BACKGROUND

The problem of nutrition and chronic wounds

In the 20th century, extensive research on the
metabolic response to injury increased our interest
in the relationship of nutrition and wound healing.
In the 1930s, Cuthbertson defined the concept of
peripheral to visceral redistribution of metabolic
substrates as part of the adaptive mechanism to heal
wounds in our critically ill trauma patients (Fig. 1).*
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Figure 1. In periods of metabolic stress, the carcass is broken down to
provide substrate, especially amino acids, to support essential organ
function such as in the liver and for the production of acute-phase reac-
tions. This general process is also applicable to periods of undernutrition.
Paradoxically, in the case of a skin wound, substrate may be obtained from
the skin to help heal this wound. With permission from WFUSM Plastic
Surgery Collection. To see this illustration in color, the reader is referred to
the web version of this article at www.liebertpub.com/wound

With this concept the carcass of the body provides
substrate, especially amino acids, for the healing
wound in an injured patient who is unable to eat. As
the metabolic reserves dwindled, these patients
suffered from general protein calorie under nutri-
tion. Until the introduction of total parenteral nu-
trition by Dudrick et al., little could be done for
critically ill patients due to limited ability to provide
enteral nutrition.? Total parenteral nutrition stim-
ulated the interest of surgeons in nutrition and
wound healing. Initially, it was assumed that more
was better and soon discovered the consequences of
overnutrition of the critically ill with driving hy-
permetabolism with increased caloric intake, fatty
livers, and elevated COgy production and respiratory
compromise in these patients.>* Continued research
has refined the appropriate guidelines for nutri-
tional management of the critically ill to optimize
nutrition without the consequences of excess.>® The
majority of this research concentrates on the patient
with acute wounds due to trauma.

To determine the nutritional needs of the patient
with chronic wounds, it is important to realize that
the typical patient is not like the trauma patient.
Trauma patients are usually young and chronic
wound patients are usually old. Trauma patients
are typically healthy prior to the injury but chronic
wound patients often have coexisting disease such
as diabetes and other endocrine disorders—hy-
pertension, peripheral vascular disease, renal dis-
ease, and hepatic disorders to mention a few. While
there are some commonalities due to the similar
basic phases of the healing wound, the acute wound
is not exactly the same as the chronic wound. As a
result, metabolic management approaches to acute
wound care and trauma management may not ap-
ply universally to the chronic wound patient.

In many respects, studying the chronic wound
patient has been more difficult than studying the
trauma patient. Trauma patients are in a controlled
environment in the hospital or intensive care unit,
making them easier to study than the ambulatory
patient. Animal models for acute wounds are much
easier to develop than chronic wound models. As a
result, much less information is available on nutri-
tion and the chronic wound patient. This review will
attempt to provide the reason that this is important,
summarize the limited information on nutrition and
chronic wounds, and provide recommendations to
help in the management of these patients.

Nutrition concepts

To make sense of the nutritional needs of the
wound patient, it is important to understand some
basic concepts and terminology. All nutrient intake
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can be broken down into macronutrients, micro-
nutrients, and water. Macronutrients are defined
by ASPEN Guidelines and Standards as “nutrients
present in the body and required in the greatest
amount (e.g., carbohydrates, proteins, lipids).””
Amino acids are the building blocks of protein
throughout the body. Some individual amino acids
(arginine, glutamine, and methionine) have been
supplemented in addition to the protein in the diet
as adjunct pharmacologic nutrients for wound
healing.

Carbohydrates may be used to provide carbon
skeletons for amino acid synthesis but only for those
amino acids that are nutritionally dispensable
(nonessential). Indispensible (essential) amino acids
must be provided in the diet as a component of pro-
tein fed or as a keto-acid for all indispensible amino
acids except lysine, threonine, and histidine.® Fatty
acids and cholesterol are nutrients that can be ca-
tabolized via beta oxidation to form cellular energy
(ATP) and have important cellular functionality
such as insulating membranes for nerve axons and
are also necessary to form the lipid bilayer essential
for organelle and cell membranes.

Micronutrients are defined as “nutrients present
and required in the body in minute quantities (e.g.,
vitamins, trace elements).”” Micronutrients in-
clude the vitamins and certain minerals. These
minerals are often referred to as trace elements.
Certain minerals, such as calcium, magnesium,
and phosphorus (macrominerals), which are pres-
ent in large quantities in the bone and other tis-
sues, are not considered trace elements. One of the
most common functions of micronutrients, and
some macrominerals, is to serve as necessary co-
factors for enzymatic reactions.

Essential (or indispensable) nutrients are those
that cannot be synthesized in the body, such as
vitamin C and minerals. Conditionally essential (or
conditionally indispensable) nutrients are those
that are necessary in the diet under defined met-
abolic circumstances where the needs of the body
cannot be met by endogenous synthesis mecha-
nisms. Providing optimal nutrition must be un-
derstood as a dynamic process as patient needs
change based on the amount of exercise they do and
comorbidities. For example, an adequately nour-
ished patient may become acutely malnourished
over a short period of time due to the increased
metabolic needs of an injury or sepsis. Under these
circumstances, a wound that was healing well may
be diminished until nutritional deficits can be met.
This phenomenon can explain the observed prob-
lem of slowed healing of our outpatients with re-
peated bouts of urosepsis or respiratory infections.

Epidemiology of malnutrition

One might suspect that in the wealthy countries
of the world with easy access to food, malnutrition
in the outpatient ambulatory setting is a thing of
the past. There are a number of issues that must be
accounted for to explain the problems of malnu-
trition in the developed world. At the beginning of
the 20th century, the average life expectancy for an
individual in the United States was only 49.2 years
of age. However, at the end of the same century,
this average life expectancy had risen to 79 years of
age. At the end of the 20th century, ~12.8% of the
U.S. population was over 65 years of age.® It is es-
timated that by 2050, 22% of the global population
will consist of individuals over the age of 60 years.°
In a nation whose citizens are continually living
longer, it is important to consider the nutrition
needs and implications of deficiencies in this
growing population.

The term malnutrition encompasses a variety of
nutritional concerns, such as undernutrition re-
sulting from decreased or inadequate food intake,
overnutrition caused by excessive food consump-
tion, and specific nutrient deficiencies.'! In regards
to malnutrition in the elderly, the term usually re-
fers to the overall undernutrition of an individual.
However, this condition often results in either
protein-calorie malnutrition (PCM) or specific vi-
tamin and mineral deficiencies; in some cases
both may occur.'? In 2006, ~5-10% of older indi-
viduals living independently were considered mal-
nourished. These statistics are seen to increase to
30-60% of institutionalized and 35-65% of hospi-
talized elderly. The highest proportion of mal-
nourishment is found within the nursing home
populations, with up to 85% of these patients ex-
hibiting poor nutritional status.'® Past data from
the National Health and Nutrition Examination
Survey (NHANES) indicates that roughly 16% of
elderly individuals living independently in the
United States consume < 1,000 kcal/day, increasing
the probability of undernutrition and chronic defi-
ciencies.'* Collins et al. reported that up to 30% of
the Australian elderly community is at high risk of
being malnourished; additionally, a 1998 regional
survey reported that the home-nursed elderly
group exhibited a moderate-to-high risk of devel-
oping malnutrition using the Australian Nutrition
Screening Initiative tool (Fig. 2).*°

Three separate studies conducted in the United
States on three different racial groups provide a
comparison of the individuals who are undernour-
ished, at risk of malnutrition, or well-nourished
in each of these populations. The groups studied
were elderly Hispanic, non-Hispanic whites, and
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Figure 2. The MNA tool is widely used. In this figure, ~35,000 elderly
subjects were assessed in different housing settings. A score of <17 using
the MNA is categorized as undernourished elderly. Hospital, cognitively
impaired, and institutions (nursing homes, assisted care, and long-term
care) have the greatest percentage of undernourished elderly; however,
home health care and outpatient patients are at risk for undernutrition.
MNA, Mini Nutritional Assessment. Adapted from Guigoz*® with permission
from The Journal of Nutrition, Health, and Aging.

inner-city African Americans; all of whom were
independent and residing within the community
setting. The highest rates of undernutrition were
noted in the African American elderly (1.6%), fol-
lowed by the Hispanic elderly (1.0%). In a selection
of 420 non-Hispanic white elderly, none of these
individuals were undernourished. Approximately
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38.6% of the African American elderly were con-
sidered at risk of malnutrition. In comparison,
only 27.0% of Hispanic elderly and 15.0% of non-
Hispanic white elderly were determined to be at
risk for malnutrition.'® This information indicates
that minority populations are at a greater risk of
developing malnutrition.

Physiological and sociological causes
of malnutrition

Many age-associated implications put the elderly
at an increased risk of developing nutritional defi-
ciencies. These include medical, psychological, phys-
iological, social, and economic difficulties commonly
identified in individuals of increased age.'?

One of the leading causes of malnutrition in the
elderly population is decreased food intake associ-
ated with a loss of appetite (Fig. 3). This depressed
appetite is related to several commonalities of this
age group, such as low physical activity or complete
immobilization, general pain, social isolation, co-
morbidities (depression, dementia, stroke, obesity,
etc.), deterioration in the senses of taste and smell,
vision changes, oral dysfunctions (dry mouth,
sores, dysphagia, tooth loss, and issues with mas-
tication), limited self-feeding, and polypharmacy.
In fact, the regular use of multiple medications has
been determined to contribute largely to geriatric
hospitalization. Commonly noted nutrition-related
drug reactions are loss of appetite, decreased taste
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Figure 3. With age, appetite is decreased through a variety of mechanisms making it difficult for some geriatric patients to meet metabolic needs without

supplements. This is especially true when demands are increased by the presence of wounds. Adapted from Wilson and Morley

American Physiological Society.

" with permission from The
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acuity, altered taste, xerostomia, nausea and vo-
miting, and mental dysfunction.'? Approximately
250 drugs, and counting, have been reported to
affect the senses of taste and smell, directly af-
fecting consumption.'® The known side-effects of
constipation, nausea, and anorexia would suggest
the cautious use of narcotics to manage pain in
senior citizens with wounds. At the same time, not
treating the pain of the wound will also lead to
anorexia. In some cases, appropriate topical man-
agement of the wound may ease the pain without
the side-effects of the medication.

Retirement from a previous career and the phys-
ical inability to work affect the financial status of
many elderly individuals. Those with limited finan-
cial flexibility are predisposed to poor nutritional
intake due to the inability to obtain nutrient-dense,
healthy foods.!” It has been identified that as many
as 40% of elderly individuals have an income of less
than $6,000 per year, spending approximately
$25-35 per week on food alone. In times of financial
distress, many individuals will prioritize house-
hold bills and medication costs before healthful
foods.'! In correlation, the degree to which an in-
dividual perceives that he/she is dependent on
others negatively affects overall intake. Nutri-
tional intake is reduced the more an individual
feels that he/she is dependent on another.'”

The death of a spouse or friend is not uncom-
mon in the elderly population and contributes
significantly to nutritional intake. The surviving
spouse is often subjected to social isolation, lone-
liness, depression, financial worry, and conse-
quently malnutrition.'! Depression is considered
a major factor responsible for decreased intake
and weight loss in both independent and hospi-
talized elderly.® According to surveys of elderly
persons living independently, those individuals
who eat alone tend to eat much less, further ex-
pediting the development of deficiencies.'?

Many older adults may have been diagnosed with
a number of different disease states, such as diabe-
tes, hypertension, or dyslipidemia. Due to these
previously established conditions, the patient may
have been placed on a therapeutic diet as treatment.
However, therapeutic diets are considered a causa-
tive agent of weight loss in this older population.
These diets may be disregarded or modified sub-
stantially in hospital or institutional settings.’

PCM in the elderly

Typically, caloric needs decrease with age due
to decreased activity, decreased muscle mass,
and slowing of metabolic rate. However, protein,
fluid, vitamin, and mineral recommendations may

remain relatively stable. It becomes difficult to
decrease caloric intake to avoid obesity and still
meet the needs of protein and micronutrients.
Thus, a nutrient-dense diet is recommended to
concentrate the most effective levels of nutrients
within a limited caloric threshold.'® A required
micronutrient supplement will be necessary.

PCM results from overall underconsumption of
both protein and energy. In general, PCM is char-
acterized by weight loss and a decrease in lean body
mass (LBM).!! Unintended weight loss in the el-
derly is an important clinical indicator of malnu-
trition. It has been reported that weight loss of more
than 4% of total body weight in 1 year is predictive
of forthcoming mortality in older adults.'® There-
fore, it is important to identify PCM early to reduce
the likelihood of further complications.

Three specific varieties of PCM may occur in the
elderly. Sometimes they are described using the
historical terms of marasmus, kwashiorkor, or
marasmic kwashiorkor (Fig. 4).!* While originally
used to describe malnutrition in children in devel-
oping countries, conceptually these states are also
seen in elderly individuals living independently
in the community or nursing home. Marasmus is
characterized clinically by a decrease in both fat
and muscle mass, inadequate caloric intake, body
wasting, and normal serum albumin levels due
to normal visceral organ function.!' Kwashiorkor
is clinically described as an inadequate consump-
tion of protein, a well-nourished appearance, ede-
ma, and decreased serum albumin levels. This
individual may appear obese but be dangerously
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Figure 4. In this graphical depiction of PEM, conditions where energy and
protein deficiencies coexist define nutritional marasmus, which is fre-
quently seen in the undernourished elderly patient. Protein deficiency with
limited energy deficiency defines kwashiorkor and some recent estimates
suggest that up to 50% of residents in nursing homes do not receive enough
protein in their diet. PEM, protein energy malnutrition. Adapted from La-
tham''? with permission from the Food and Agricultural Organizations of the
United Nations.
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malnourished, as visceral organ function may be
compromised. The term sarcopenic obesity has been
used to describe this condition.?° This type of mal-
nutrition is most commonly seen in hospitalized
patients experiencing illness, inflammatory stress,
or infection who receives excessive calories but in-
adequate protein.'® While marasmus may take
many months to develop, a kwashiorkor state can
develop in a matter of weeks when an already nu-
tritionally compromised patient develops an infec-
tion. It is important to note that in most cases the
elderly develop characteristics of both conditions.*!

The presence of a wound may increase metabolic
demands due to the metabolic response to injury.
In addition, large quantities of protein can be lost
in wound exudates each day.?! It is not uncommon
to see large pressure ulcers or large leg wounds
that represent 5-10% body surface area.?"?? The
presence of a chronic wound can increase protein
requirements by 250% and calorie requirements by
50% in order to maintain an appropriate LBM.??
All of these protein losses should be replaced in
order to prevent further PCM and complications to
wound healing. Losses in LBM occur when inade-
quate protein is available, causing body protein
to be broken down to provide amino acids to the
wound site for healing. If glucose (energy or calo-
ries) is insufficient, then additional protein will be
broken down so that amino acids can be used for
glucose synthesis in the liver via the alanine shunt
pathway.?* This breakdown of body proteins is the
contributing factor to losses of LBM.

When considering the effects of PCM on wound
healing, it is important to recognize the implica-
tions that losses in LBM have on wound healing,
particularly chronic wounds. In an individual who
has lost up to 20% LBM, wound healing will take
biological precedence over restoration of LBM. Only
at a critical point for survival, a loss of 30% LBM,
will the body postpone wound healing to address
LBM. However, any loss of LBM associated with
PCM may negatively affect wound healing. Losses
of 10% LBM are associated with impaired immu-
nity and risk of infection, losses of 20% LBM de-
crease the rate of wound closure and cause the skin
to thin, losses of 30% LBM halt healing and pre-
dispose the patient to new wound formation, and
losses of 40% LBM often result in death (Fig. 5).21:%

These negative consequences of protein loss are
exemplified in all four stages of wound healing
(hemostasis, inflammation, proliferation, and re-
modeling). Phagocytes, monocytes, lymphocytes,
leukocytes, and macrophages require protein for
their formation and are necessary for an immune
response. An insufficient immune response will
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Figure 5. In the geriatric or chronically ill patient, there is a complex in-
teraction between anorexia, infection, wounds, and metabolic needs. In a
patient with marginal nutrition and a wound, infection (even if remote from the
wound such as urinary tract infection) may increase metabolic demands and
limit wound healing if the metabolic losses are not replaced. Such infections
also commonly lead to more anorexia. The result is a vicious spiral potentially
leading to the death of the patient if the cycle is not broken with appropriate
interventions. With permission from WFUSM Plastic Surgery Collection.

delay the progression of the wound from the in-
flammation stage to the proliferation phase. PCM
reduces fibroblast activity in both the proliferation
phase and remodeling phase, preventing angio-
genesis and new collagen formation.'® As collagen
is the predominant protein of the healing wound,
this may have profound consequences.

Occurrence of micronutrient deficiency
in the elderly

By underconsuming key nutrients for a pro-
longed period of time, elderly patients are placed at
risk for malnutrition caused by micronutrient de-
ficiency.'' The most common micronutrient defi-
ciencies among the elderly include vitamin D, zinc,
and vitamin By, (cobalamin), which may have a
significant impact on wound healing. However,



NUTRITION AND CHRONIC WOUNDS 669

keep in mind that all water-soluble vitamins and
many minerals are required as cofactors for meta-
bolic reactions in the body. Although the amount of
each micronutrient required is small, sustained
underconsumption combined with metabolic stress
can create conditions where reactions are less ef-
ficient and body repair cannot be optimized.

A decline in consumption of dietary zinc with the
process of aging has been noted in both developed
and developing nations.?® Therefore, the elderly are
included among the individuals most likely to be
affected by a zinc deficiency. Due to the involvement
of zinc in critical functions within the immune sys-
tem, deficiency can lead to depressed immunity and
increased susceptibility to infection.?>?® Research
(in vivo) has shown that decreased levels of zinc can
reduce the cytotoxicity of natural killer cell, impair
phagocytosis in macrophages and neutrophils, and
reduce the number of granulocytes. Zinc deficiency
also impairs functions of specific immunity; both
B-cells and T-cells are affected in the presence of low
zinc levels.?” As a result of a zinc deficiency, both
B-cell precursors and mature B-cells are reduced
in number. This is understood to be the result of
premature apoptosis of these specific cells. Further,
T-cells undergo a reduction in functionality, increase
in autoreactivity and alloreactivity, and decrease
in number. The reduced concentration of B-cells and
T-cells reduces the capability of the immune system
to produce adequate antibodies relative to antigens
present.?® In combination, the effects of zinc defi-
ciency predispose the elderly to a suppression of the
immune system and a decreased immune response
with injury (Fig. 6).2

Deficiency (<20ng/mL) and insufficiency
(<30ng/mL) of vitamin D in the serum has been
noted in the elderly population and recent litera-
ture indicates that ~20% of the worldwide popu-
lation over the age of 50 have a reduced capability
to maintain sufficient levels in the serum even with
aggressive supplementation.?® In addition, more
individuals with a higher body mass index (BMI)
have been reported with vitamin D deficiency when
compared with individuals with lower BMI. Data
related to vitamin D deficiency and wound healing
are limited. However, recent research efforts have
identified the presence of vitamin D receptors in a
number of different tissue types where their pres-
ence was previously unknown. Zhang et al. noted
that cathelicidin, an antimicrobial peptide that is
induced by vitamin D, promotes wound healing.>°
The conclusion of these reviewers is that vitamin D
and its receptor signaling “regulates not only
structural integrity but also transport functions of
different epithelial barriers.” Burkievcz et al. and
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Figure 6. Although this figure depicts the interaction of zinc with AE cells,
it demonstrates the role that zinc has in collagen synthesis and tissue
repair, as an component of the antioxidant system, as well as antiapoptotic
and anti-inflammatory actions. Zinc deficiency will negatively influence
wound healing while oversupplementation appears to have no or potentially
negative consequences. Adapted from Zalewski et al'"® with permission
from Elsevier. AE, airway epithelial.

Kalava et al. noted a higher incidence of reduced
levels of vitamin D in venous and pressure ulcer
patients, respectively.?!32 It should be noted that
the researchers were unsure whether the reduced
level impacted the healing of these wounds or
whether it was a comorbidity associated with the
patient populations. Research directed toward the
impact of vitamin D on wound healing is increasing
and new developments related to this nutrient
should be reported in the forthcoming literature.
Ascorbic acid is well known for its biological role
as an antioxidant and as a cofactor in the hydrox-
ylation of proline and lysine to hydroxyproline and
hydroxylysine needed for the synthesis of collagen. If
levels of ascorbic acid were deficient, then one would
suspect a decreased synthesis of collagen due to de-
creased hydroxylation of lysine and proline. Since
the classic observations by British naval physicians,
scurvy, and its effect on the healing wound, defi-
ciency has been avoided by simple dietary intake of
citrus fruits. One would think that with food avail-
ability in modern society, vitamin C deficiency would
be a thing of the past. Unfortunately, multiple recent
publications have demonstrated scurvy and vitamin
C deficiency in developed countries.?*3° Nancy
Strange presented a case study at SAWC, 2012,
where data from the Indiana University School of
Medicine, IU Health, Indianapolis, found that 14 of
15 individuals with delayed wound healing had
ascorbic acid levels below normal ranges.?® One case
was present in the state of Florida, known for its

large production of citrus fruit.®
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Oxidative stress is a measure related to the bal-
ance of pro-oxidants and antioxidants in the body.
In a recent research publication, Wonisch et al. re-
ported that oxidative stress (more pro-oxidants)
increased with age and BMI in a population of 2,190
male subjects undergoing a health examination.?”
Recently, Bryan et al. published a review article
that explore the role of reactive oxygen species
(ROS) in constructive inflammation and wound
healing.®® Leukocytes, utilizing ROS, clean compro-
mised tissue and eliminate pathogenic organisms;
however, a long-term imbalance of pro-oxidants may
compromise the wound healing rate and efficiency of
new tissue deposition. Numerous micronutrients are
involved in maintaining the antioxidant capacity
of the individual, including vitamins A, E, K, and C;
p-carotene and other carotenoids; and the minerals
selenium and zinc. Several research trials have
evaluated the efficacy of micronutrient supplemen-
tation as related to wound healing to be discussed
later. Unfortunately, many experiments used
“cocktails” of antioxidants, micronutrients, protein,
and individual amino acids so the independent con-
tribution of each nutrient is often difficult to eluci-
date (Fig. 7).

Finally, achlorhydria, or decreased gastric acid
secretions, has an increased prevalence in the el-
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ir enzymes
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DNA rey

derly.'? Achlorhydria is caused by gastric atrophy
frequently associated with aging.?® Due to the re-
duced state of acid secretion, bacteria are able to
grow uninhibited in the small intestine, often re-
ferred to as “blind loop syndrome.”*?3° In turn, this
imbalance can reduce the solubility and bioavail-
ability of critical nutrients, such as calcium, iron,
folate, vitamin Bg, and vitamin B,.'? Limited gas-
tric secretions results in the inability to free vita-
min Bs from food or transport proteins; this mode
of malabsorption is the most common cause of this
nutrient deficiency in the elderly.®® It is often dif-
ficult to recognize vitamin B;y deficiency because
clinical manifestations are not always pronounced
and serum levels are not indicative. However, ele-
vation of plasma levels of total homocysteine and
methylmalonic acid is typically present in concur-
rence with a vitamin B, deficiency; therefore, these
values are used to more accurately diagnose a de-
ficiency.*° Vitamin B, acts as a methyl transfer
cofactor converting homocysteine to the indis-
pensible (essential) amino acid methionine.®

Nutritional assessment of patients

In past research, nutrition screening of older
individuals has been difficult.*! One of the most
published tools for identifying malnutrition in the
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elderly populations of the United States is the Mini
Nutritional Assessment (MNA).*? Since publica-
tion, it has been considered one of the most valid
tools for identification of malnutrition in the el-
derly population and cited in more than 400 sci-
entific research publications. While it was designed
for use in geriatric individuals, it has been shown to
be useful across varying demographics.*>44

First, the MNA is a brief evaluation used to
screen specifically for elderly individuals at risk for
malnutrition and has been validated by three
studies since 1991. This tool includes a series of
responses to questions from four assessment cate-
gories: anthropometric, general, dietary, and sub-
jective. Within these categories, patients are
examined for weight changes, lifestyle character-
istics, degree of mobility, medication use, food and
fluid intake, ability to self-feed, and their opinion of
their own general health and nutrition status.'®
From the responses, each individual is given a
score between 0 and 30; this correlates with their
suspected nutrition level. Scores above 24 indicate
no concern for malnutrition in that individual,
scores between 17 and 23.5 identify a risk for
malnutrition, and individuals scoring<17 are
likely to be protein-calorie malnourished.'® Cu-
mulative research (21 studies) using the MNA has
shown that ~2% of elderly living independently
in the community have an MNA score <17. Fur-
ther research (25 studies) indicates that 9% of
elderly receiving care at home or outpatient ser-
vices have an MNA score <17. However, the
highest percentage (35 studies) of elderly individ-
uals scoring <17 on the MNA are representative of
the hospital setting.*®

While the MNA evaluation only requires 15 min
to complete, a shorter form has been validated for
nutrition screening in lower risk elderly popula-
tions. The Mini Nutritional Assessment—Short
Form (MNA-SF) is split into two steps. The first
step involves a survey of six questions and requires
<5 min to complete. As with the full MNA, the re-
sponses to the questionnaire are affiliated with a
certain score. The maximum score for the MNA-SF
is 14; any score <11 indicates a nutritional risk.
Only if a nutritional risk is determined will the
patient proceed to the second step of the evalua-
tion, or the full-MNA questionnaire. This form of
nutrition screening is the most beneficial in heal-
thy or community-dwelling elderly.*

In a study performed by Lamghamp-Henken
et al., the full-MNA evaluation and MNA-SF were
shown to provide advantages in determining mal-
nutrition in elderly individuals with pressure ul-
cers (stages I-IV) in comparison to serum protein

levels alone.*® Thus, nutrition screening using the
MNA could be used to identify developing mal-
nourishment in elderly individuals with chronic
skin wounds before complications to wound healing
may occur.

Using the MNA, elderly individuals at risk for
malnutrition can be identified for early nutrition
intervention. However, no tool is without limita-
tions.*” All data gathered from the MNA are based
upon personal responses to this questionnaire;
therefore, some bias may exist. Additionally, pa-
tients with cognitive impairment or an inability to
speak will require assistance from a friend or
family member in order to complete the survey.'®

In addition to the MNA assessment tool, several
other tests or techniques may be used to assess
nutrition status of the patient. Skin fold measure-
ments from various locations on the body (triceps,
subscapula, suprailiac, abdomen, and thigh) can be
used to assess fat, fat-free mass, and muscle size.
This test should be performed by someone with
experience to reduce variability.® BMI and infor-
mation regarding sudden unexpected weight loss
can provide valuable information about body com-
position and reserve nutritional capacity of the
patient. Recent advances in instrumentation have
made bioelectrical impedance measurements, or
use of conductance to calculate LBM, more afford-
able and reliable.

Recently, Jensen et al. published international
consensus guidelines for adult starvation and dis-
ease-related malnutrition that may provide a good
starting point for assessment of the nutrition sta-
tus of patients undergoing treatment for wound
care.*® Serum albumin is routinely assessed as a
marker of visceral protein status and has been re-
ported as declining 0.8 g/L per decade for individ-
uals over the age of 60. Volpato et al. noted in a
retrospective study of 1,117 deaths that serum al-
bumin and high-density lipoprotein cholesterol
(HDL-C) can be used to distinguish groups that are
at risk for mortality.*® The identified three sub-
groups with different prognoses: high risk (low albu-
min, <3.8¢g/L), intermediate risk [high albumin
(>3.8¢g/L) and low HDL-C (<47 mg/dL)], and low
risk [high albumin and high HDL-C (>47 mg/dL)].

Numerous studies have demonstrated an in-
creased risk for developing pressure ulcers using
variables, such as BMI, recent weight loss, lowered
serum albumin, reduced food intake, and protein
intake/kg of body mass.?® In many of the reported
cases, data are confounded due to the fact that se-
rum albumin and prealbumin are acute-phase re-
sponders and may not be accurate indicators of the
nutrition status if the patient is metabolically
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stressed. Since serum levels of albumin are an ob-
jective measurement that may already be available
from laboratory tests such as a complete metabolic
panel, they should not be ignored. When used in
conjunction with other nutritional assessment
tools and clinical history, they can provide useful
information on the trends of the nutritional status
of the patient. Whether the origin of the decreased
value is from an inflammatory stress such as in-
fection or due to nutritional deficits, normalization
of the value is a positive sign of improved metabolic
state (Fig. 5). Amir et al. in a recent review (2012)
found that albumin levels were one of the most
significant independent predictors of poor wound
healing outcomes in chronic wounds.®?

Many clinicians are not aware of the potential
nutritional information in the complete blood
count. Presence of a microcytic hypochromic ane-
mia may represent iron deficiency, as well as ane-
mia of chronic disease associated with PCM.
Megaloblastic anemia may represent folate or Bio
deficiency.® Total lymphocyte count may also be a
useful indicator of nutritional status.®?

CHRONIC WOUNDS AND MANAGING
NUTRITION INTERVENTION

Not all wounds are the same. For example, the
key to healing a vascular insufficiency wound is not
the same as a pressure ulcer or a stasis ulcer even
though they share some common pathways of
chronic inflammation. Nonetheless, principles
learned from one type of wound population may be
helpful in the management of other wounds. This is
particularly true of nutrition, the common de-
nominator for all wound patients. As more infor-
mation is available of nutritional interventions in
pressure ulcers and stasis ulcer, it is prudent to
review this in more detail.

Preventing the development of pressure ulcers is
the most cost-effective methodology and involves
reducing risk through management of intrinsic
and extrinsic variables. Intrinsic factors include
limited mobility and poor nutrition, the strongest
predictors of pressure ulcer formation.’® van An-
holt et al. indicated that the risk for an elderly
patient to develop a pressure ulcer is two to three
times higher when the patient is malnourished or
underweight; however, this does not indicate that a
nonmalnourished patient is protected from devel-
oping a pressure ulcer.’* Lamghamp-Henken et al.
used an MNA tool for patients presenting with
pressure ulcers and found that only 3 out of 23
subjects were considered well-nourished, whereas
20 were considered at risk for malnutrition or

malnourished.*® Hengstermann et al., using an
MNA instrument, found that the nutrition status
of patients with pressure ulcers was significantly
reduced in comparison to nonpressure ulcer pa-
tients and that the fraction of malnourished pa-
tients was twice as much in the pressure ulcer
group than the age weighted control group.®®
Haydock and Hill reported that wound healing was
impaired in both mild and moderate/severe mal-
nourished patients and that the “direction in which
the patient was moving metabolically at the time of
wounding” was more important than the degree of
weight loss.?®%7

Macronutrient supplementation

Total energy needs. Adequate energy needs to
be provided to the patient, either through enteral
or parenteral delivery methods, to provide for
positive energy and nitrogen balance, if possible.
All macro- and micronutrients need to be provided
in quantities appropriate to support the function-
ing of catabolic and anabolic cycles necessary to
support life. The European Pressure Ulcer Ad-
visory Panel (EPUAP) recommended a minimum of
30-35 kcal/kg of body weight for patients with
pressure ulcers. We have previously discussed
malnutrition (protein/energy) as a significant risk
factor for the development of chronic wounds.
Distribution of macronutrient calories should be
similar to dietary distribution in traditional diet
regimes (45-60% carbohydrate, 25-30% fat, and
15-20% protein); however, additional protein may
be needed to support the increased amino acid
supply necessary for collagen synthesis and wound
healing. For patients who are underweight or los-
ing weight, the National Pressure Ulcer Advisory
Panel (NPUAP) recommends increasing the caloric
intake to 35-40 kcal/kg of body weight.?® Thomp-
son and Fuhrman recommend careful monitoring
of repletion and suggest the use of indirect calo-
rimetry to modify the diet to meet the patients’
metabolic needs.?” If the total energy needs of the
patient are not met, then supplementation with
additional micronutrients, protein, amino acids, or
other nutritional components will most likely be
unsuccessful.

Protein. Protein needs are increased in pa-
tients under metabolic stress or recovering from
surgical procedures, range from 1.0 to 2.0 g’kg of
body weight depending on the diagnosis.??> Chern-
off reported that the elderly have an increased need
for exogenous protein of at least 1.0 g/kg of body
weight for normal maintenance and that “inade-
quate protein intake contributes to a decrease in
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the reserve capacity, increased skin fragility, de-
creased immune function, poorer healing, and
longer recuperation after illness.”®® The Agency for
Healthcare Research and Quality (AHRQ) recom-
mend 30-35 kcal/kg of body weight per day, protein
between 1.25 and 1.5 g/kg of body weight, and fluid
intake of 1mIL/(kcal-day~!). Their recommenda-
tions are based on NPUAP/EPUAP findings in
2009.%° Legendre et al. noted that the prevalence of
protein deficiency was higher in outpatients pre-
senting with venous leg ulcers (27%) than in an age
matched control group (2%) as defined by a serum
albumin level below 3.5 g/L.%* Further, anthropo-
metric measurement (BMI) was not sufficient to
detect the protein deficiency and the authors sug-
gested assessment of serum albumin, prealbumin,
or C-reactive protein to assess protein status. Pa-
tients with an identified protein deficiency were
associated with poor healing and the occurrence of
wound complications.

lizaka et al. estimated the protein intake re-
quired to achieve nitrogen balance in hospitalized
adults with pressure ulcers.%? They noted that the
average protein requirement for patients with
pressure ulcers was 0.95g/(kg-day 1), but that
wound severity and condition of the patient may
result in a range of 0.75-1.30g/(kg-day'). The
authors hypothesized that patients may lose more
protein due to hypercatabolism, rather than direct
loss from wound exudate and the severity of the
pressure ulcer. The authors estimated protein ca-
tabolism by measuring the urinary 3-methylhisti-
dine-to-creatinine ratio.

Choo et al. recently published a review of re-
search related to nutritional intervention(s) and
the treatment of pressure ulcers.®®> The authors
reviewed six nutrition intervention research stud-
ies conducted since 2001, with five of the six studies
using enriched protein supplements as part of the
intervention. As with many of these studies, en-
riched proteins were included in the supplement
with additional micronutrients and/or calories.
Only one study of the review looked at protein sup-
plementation alone (collagen protein) and pressure
ulcer healing was significantly improved over the
control treatment. The other four trials that used
additional protein supplementation along with
micronutrient supplementation demonstrated in-
creased healing when compared with the control
groups.

Care needs to be taken to ensure that adequate
calories are provided to the patient to spare amino
acids from being used to support caloric rather
than protein synthesis needs. While inadequate
protein consumption is characterized by edema in

peripheral vessels due to decreased oncotic pressure,
oversupplementation may not promote additional
protein synthesis and can result in dehydration due
to increased oncotic pressure.’?

Arginine and glutamine in wound healing

Arginine is considered a conditionally in-
dispensable (conditionally essential) amino acid,
needed in the diet only under conditions of meta-
bolic stress. Under normal circumstances, it is
synthesized in the kidney and liver from gut-
derived citrulline (Fig. 8).6* Due to the ability of
the body to manufacture arginine, it is not nor-
mally an essential part of our diets. However, in
situations, such as sepsis, trauma, and wounds,
the needs of the body may not be met by this en-
dogenous mechanism.

There are a number of theoretical possibilities of
how arginine may affect wound healing. Proline is
necessary for the synthesis of collagen and argi-
nine is a precursor via the pathway of Arginine —
Ornithine — glutaminesemialdehyde — Proline. It
has been suggested that when the production
of collagen is high, arginine may be an essential
precursor of this amino acid.®>%¢ Arginine is also a
precursor for nitric oxide, an essential compound
for proper wound healing.6”~%° Arginine, as well as
ornithine, stimulates T-cells and the production of
growth hormone, which may also aid the healing
wound.%4-%6

In the 1970s Seifter et al. observed that growing
animals required more arginine than mature an-
imals and demonstrated that injured rats healed
better with arginine supplementation based on
measurements of wound-breaking strength.”®"!
Subsequently, this was confirmed by others
and ultimately applied to human studies. In a
study of healthy human subjects and a polytetra-
flouroethylene tubing model of healing, collagen
deposition was shown to be improved in volunteers
given supplements of 30 g a day of arginine.”” In a
study more relevant to the chronic wound patient,
similar results were found in patients, 67-82 years
of age, receiving such supplementation.”® Forty-
three nonmalnourished subjects with stage III or
IV pressure ulcers were included in a multicountry,
randomized, controlled, double-blind, parallel group
trial by van Anholt et al.’* They provided patients
with a high protein arginine and micronutrient-rich
supplement and found significantly improved heal-
ing. Yatabe et al. found that pressure ulcer patient’s
serum arginine was decreased and supplementation
with an arginine solution improved wound heal-
ing.”™ Leigh et al. determined the dose response of
arginine supplementation with pressure ulcers, with
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with permission from Elsevier.

no improvement of healing rate with 9 versus
4.5g/day of supplementation.” Others have dem-
onstrated improved healing in diabetic foot ulcers
with supplementation of the diet with arginine.”®
Similar results were found with stasis ulcers.”” In a
randomized controlled trial, Debats et al. did not find
improved healing with skin graft donor sites in pa-
tients who received intravenous supplementation
with arginine.”® However, this study may be mis-
leading due to the fact the arginine was given in-
travenously and trying to measure differences in
skin graft donor sites might be difficult since such
wounds normally heal quite well. Stechmiller and
Schols review some of the recent studies in more
detail. 50

Glutamine is the most abundant free amino acid
in the human body; however, similar to arginine, it
has been found to be conditionally indispensable
(conditionally essential) in periods of metabolic

stress. It has a unique role in that it is involved in
shuttling nitrogen in the body. Glutamine is es-
sential for the integrity of the gut mucosa, but is
also used as an energy source via breakdown to
glutamate and a-ketoglutarate entering the Krebs
cycle. The nitrogen may then be used for the pro-
duction of other nitrogen-containing molecules.
Recently, this has been noted in neutrophils that
may preferentially use glutamine as an energy
source at a rate faster than glucose. In these cells of
rapid turnover, nitrogen may be used in the pro-
duction of needed amino acids, and purines and
pyrimidines for DNA and RNA synthesis.?! Its
metabolic functions include provision of NADPH
and increasing insulin sensitivity.®! Glutamine
also appears to have a role in leukocyte apoptosis,
superoxide production, antigen processing, and
phagocytosis.?*® The suggested anti-inflamma-
tory and immune activity may include activation of
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nuclear factor—« f and cytokine release.®* Gluta-
mine is a precursor for glutathione, an important
antioxidant necessary for stabilization of cell
membranes, transporting amino acids and drugs
across membranes, and a cofactor for enzymatic
reactions.®? Due to this role in nitrogen metabo-
lism, it is essential that glutamine be present in the
body in adequate quantities.

The need for glutamine supplementation re-
mains controversial. There is evidence in situa-
tions of trauma, burns, and sepsis that glutamine
supplementation improves gut function, decreases
septic complications, and improves insulin sensi-
tivity, suggesting the presence of the amino acid in
insufficient quantities.®>®® Many have assumed
that the same situation is true for patients with
chronic wounds but this is not clear. Most of the
literature in this regard is confused with combi-
nation supplementation with arginine or other
micronutrients.®”° Indeed, patients with chronic
wounds generally do not have an inflammatory and
metabolic state similar to the patient with sepsis or
trauma. Sepsis and trauma patients are hyper-
metabolic but patients with chronic malnutrition
tend to be hypometabolic. However, in states of
chronic malnutrition, the metabolic needs for glu-
tamine may be increased in some situations due to
atrophy of the gut mucosa and needs to improve the
metabolism of the gut to allow other nutrients to be
adequately absorbed. In addition, malnutrition in
chronic wound patients may lead to a decrease in
muscle mass and a relative deficiency of total body
glutamine. With this information and the relative
safety of glutamine supplementation it is reason-
able to supplement select patients with evidence of
malnutrition and healing wounds. However, like
arginine supplementation, it should never be con-
sidered a substitute for correction of PCM but a
supplement to improvement to overall protein in-
take. Without adequate overall protein intake,
supplementation with glutamine or arginine is of
no value.

Fat

Fat must be an integral part of the diet and hu-
mans must consume essential fatty acids, linoleic
acid, and o-linolenic acid in their diet for normal
metabolism. Turek published a review in 2007 on
fats and their influence on wound healing.”! Turek
notes that besides their use as an energy source in
the body and components of the lipid bilayer, fatty
acids are the precursors for physiological sub-
stances, such as prostaglandins, thromboxanes,
and leukotrienes. These compounds originate from
omega-3 and 6 fatty acids and have different

physiological effects in the human. Omega-3 fatty
acids (docosahexaenoic acid [DHA] and eico-
sapentaenoic acid [EPA]) have been reported as
being antithrombotic, vasodilators, and are anti-
inflammatory whereas omega-6 fatty acids (ARA)
have been reported as being platelet aggregating,
inflammatory, and vasoconstrictive.

Turk et al. reported that in mice subjected to
colonic wounding, DHA-fed animals started to gain
weight between days 3 and 6 post-trauma whereas
EPA- and corn-oil-fed animals did not.?? The au-
thors suggested that “DHA may facilitate events
that expedite the later stages of wound healing,
perhaps by resolving inflammation.” This agrees
with the data of Turek who suggested that in order
to facilitate an adequate inflammatory response
in early wound healing, omega-6 to omega-3 fatty
acid ratio should remain above 10:1 until wound
healing reaches the proliferative and remodeling
stages.91

Theilla et al. reported that an enteral or paren-
teral formula enriched in fish oil and antioxidants
(increased levels of vitamin C, vitamin E, vitamin
A, copper, manganese, and zinc) when compared to
isonitrogenous/isocaloric formulas resulted in de-
creased progression of pressure ulcers and a de-
crease in the blood level of C-reactive protein.®*
The authors suggested that the results may be that
“omega-3 PUFAs may have attenuated the in-
flammatory response in a manner that minimizes
tissue injury while avoiding suppression of those
components of the inflammation necessary for
subsequent wound healing” (Fig. 9).%2

In a similar study, Theilla et al. found that an
enteral formula enriched with EPA, y-linolenic
acid, and vitamins A, C, and E resulted in a sig-
nificantly lower incidence of new pressure ulcers in
patients with acute lung injury.®*

Research on specific fatty acid supplementation,
the ratio of omega-6 to omega-3 fatty acids in the
diet, and when to supplement in relation to the
stage of wound healing progression needs to be
further researched. Data from many of these re-
search trials are again confounded due to the
“cocktail of nutrients” approach taken.

Supplementation of micronutrients

Zinc. Over 200 zinc-containing enzymes and
metalloenzymes are present in the body that are
involved in wound healing, participate in antioxi-
dant function (superoxide dismutase), cell replica-
tion, nucleic acid metabolism, tissue repair, and
growth.”® Despite this, some suggest that zinc
supplementation is only recommended when a zinc
deficiency is determined (serum and wound assay)
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as excess zinc supplementation can interfere with
other cation absorption, specifically iron and cop-
per.%® Dorner et al. recommend zinc supplementa-
tion up to 40mg elemental zinc/day (176 mg zinc
sulfate) for up to 10 days to enhance wound healing
if a zinc deficiency is indicated.”® Other recom-
mendations are often higher being 220 mg of zinc
sulfate (50 mg elemental zinc) twice a day for 2
weeks.?” Many of the research trials that evaluate
supplementation of zinc to assist in wound healing
have zinc as a component of a multinutrient sup-
plement. A number of these supplements contain
arginine, glutamine, ascorbic acid, protein, and
other micronutrients, in addition to zinc, and have
had variable impacts on wound healing.!5->487:98:99
Research trials using these multinutrient compo-
nent supplements make it difficult to determine the
individual nutrient contribution to wound healing.
A review on the impact of zinc in wound healing, in
both enteral and topical administration routes, has
been written by Lansdown et al., in which topical
zinc application to surgical wounds seems to con-
sistently augment wound healing.'®°

Ascorbic acid. Patients consuming suboptimal
doses of vitamin C will not immediately exhibit
decreased collagen synthesis and delayed wound
healing immediately.'°! Results from NHANES III
report that of 15,769 patients in the sample pool,

14% of the men and 10% of the women exhibited
severe vitamin C deficiency (<11 uM) and 20% of
men and 17% of women had a marginal vitamin C
deficiency (11-23 pM).*%?

Tanaka and Molnar recommend that although
the data on vitamin C supplementation on chronic
wound healing are inconclusive, the influence of
ascorbic acid on collagen formation, antioxidant
capacity, and immunomodulation suggests that
individuals with small wounds or pressure ulcers
consider supplementation with 500 to 1,000 mg
of ascorbic acid daily in divided doses for optimal
utilization.’®® For patients with more severe
wounds, such as burns over a large area, doses can
be increased to 1-2 g/day. A recent review of re-
search trials by Ellinger and Stehel looking at
the efficacy of vitamin supplementation on wound
healing concluded that “clear evidence for pres-
sure ulcer prevention by oral supplementation of
single antioxidant vitamins or ONS (Oral Nu-
trient Supplement) containing protein/amino ac-
ids, trace elements and vitamins not available.”!%*
Further, after evaluating numerous randomized
control treatments, the authors noted that “con-
vincing evidence exists only for a protein and en-
ergy rich ONS providing daily at least 500 mg of
vitamin C, 17 mg of zinc and arginine in pressure
ulcer therapy.” A general review of the literature
on vitamin C and its impact on morbidity and
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Figure 10. Vitamin A effectively works as a hormone-stimulating retinoid receptors that alter the function of keratinocytes, endothelial cells, fibroblasts, melanocytes,
and sebocytes. atRA, all-trans retinoic acid; RAR, retinoic acid receptor; RXR, retinoid X receptors; RXR-o, retinoid X receptor type; VDR, vitamin D receptor. Adapted from
Reichrath'® with permission from Thieme. To see this illustration in color, the reader is referred to the web version of this article at www.liebertpub.com/wound

mortality was recently published by Lykkesfeldt
and Poulson.'?®

Vitamin A.  Vitamin A is an essential fat-soluble
vitamin that has been used topically in dermatol-
ogy for many years for the management of such
conditions as photodamage, psoriasis, and to aid
healing after such treatments as dermabrasion. It
has been found to stimulate epithelial growth, fi-
broblasts, and ground substance as well as having
an anti-inflammatory effect in open wounds. The
literature supports a positive effect of supplemen-
tal vitamin A in acute wounds and healing of
fractures, burns, bowel, and radiation-induced in-
jury.®106:197 Tndeed, vitamin A seems to function
as a hormone altering the activity of epithelial
cells, melanocytes, fibroblasts, and endothelial
cells through a family of retinoic acid receptors
(Fig. 10).108

The effect of vitamin A on patients with chronic
wounds is less clear except in the case of the
patient being treated with corticosteroids for in-
flammatory diseases such as rheumatoid arthri-
tis. For these individuals, vitamin A has a unique
role in nutritional management. Since the early
studies of Ehrlich et al., investigators have noted
that vitamin A supplementation can counteract
the negative effects of glucocorticoids on wound
healing.'® Wicke et al. demonstrated in a rat
model that administration of methylprednisone
significantly reduced hydroxyproline synthesis

by ~50% on day 17 of treatment (methylpredni-
sone) but supplementation of steroid-fed animals
with either all trans-retinoic or 9-cis retinoic acids
increased hydroxyproline content to near normal
levels.!' There was also a positive effect on col-
lagen production on animals not receiving ste-
roids.

The mechanism for this effect has been con-
troversial, as steroids have an effect on all stages
of wound healing, there are many possibilities.
Ehrlich et al. suggested that the mechanisms
may have been through stabilization of the lyso-
zomes. % Wicke et al. found that vitamin A re-
versed the effect of steroids to decrease the levels
of transforming growth factor beta (TGFf) and in-
sulin-like growth factor-1 (IGF1) in the wound.°
Whether this effect is desirable in chronic wounds
is remain to be seen as TGFf is one of the pro-
posed mediators of chronic inflammation in the
chronic wound. Clearly additional work will be
required to determine the value of vitamin A in
chronic wounds.

Stechmiller suggests oral administration to pa-
tients at 10,000-15,000IU/day vitamin A to en-
hance wound healing in patients receiving
corticosteroids.’® In our clinic, we recommend
20,000-25,000 IU. Treatment must be provided as
a short course of 10-14 days to be safe and used
with caution in individuals who may have defi-
ciency of the carrier protein, retinol binding pro-
tein, due to liver malfunction or severe PCM.
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SUMMARY

Modern understanding of nutrition and wound
healing is largely derived from the research deal-
ing with nutrition in trauma and sepsis. The in-
formation obtained from these young, previously
healthy, hypermetabolic patients may not com-
pletely translate to the chronic wound patient who
is typically elderly with coexisting disease, chron-
ically malnourished, and hypometabolic. Patients
with chronic wounds should undergo a nutritional
assessment as part of their general wound man-
agement evaluation. This is necessary due to the
modern epidemic of malnutrition even in indus-
trialized countries and the fact that even obese
patients may suffer from protein and micro-
nutrient malnutrition. Protein and caloric deficits
must be replaced and micronutrients should be
supplemented in patients with malnutrition. Zinc
and vitamin C are recommended supplements in
patients with wounds due to the central role in
collagen metabolism and inflammation. Vitamin A
has a unique role in the management of the patient
treated with corticosteroids. Arginine and gluta-
mine supplementation may be helpful but only if
protein and calories are present in adequate
quantities in the diet.
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Abbreviations and Acronyms

ADC = arginine decarboxylase
AGA = agmatinase
AGAT = arginine:glycine
amidinotransferase
AHRQ = Agency for Healthcare
Research and Quality
o-KG = a-ketoglutarate
ARA = arachidonic acid
AS = argininosuccinate
ASL = argininosuccinate lyase
Asp = aspartate
ASPEN = American Society
of Parenteral
and Enteral Nutrition
ASS = argininosuccinate
synthase
ATP = adenosine triphosphate
atRA = all-trans retinoic acid
BH4 = (6R)-5,6,7,8-tetrahydro-
L-biopterin
BMI=body mass index
CK =creatine kinase
CP = carbamoylphosphate
CPS-I = carbamoylphosphate
synthetase-l (ammonia)
Cr-P = creatine-phosphate
DCAM = decarboxylated
S-adenosylmethionine
DHA = docosahexaenoic acid
DNA = deoxyribonucleic acid
EPA = eicosapentaenoic acid
EPUAP = European Pressure
Ulcer Advisory Pane
GA = guanidinoacetate
GDH = glutamate
dehydrogenase
Gln =glutamine
Glu = glutamate
GMAT = guanidinoacetate
N-methyltransferase
HDL = high-density lipoprotein
HDL-C = high-density lipoprotein cholesterol
IGF1 = insulin-like growth
factor-1
LBM = lean body mass

MNA = Mini Nutritional
Assessment
MNA-SF = Mini Nutritional
Assessment—Short Form
MTA = methylthioadenosine
NADPH = nicotinamide adenine
dinucleotide phosphate
NAG = N-acetylglutamate
NAGS = N-acetylglutamate synthase
NHANES Il = National Health and
Nutrition Examination
Survey Il
NO = nitric oxide
NOS = nitric oxide synthase
NPUAP = National Pressure Ulcer
Advisory Panel
OAT = ornithine aminotransferase
OCT = ornithine carbamoyltransferase
0DC = ornithine decarboxylase
ONS = oral nutrient supplement
P5CD = pyrroline-5-carboxylate
dehydrogenase
P5CR = pyrroline-5-carboxylate
reductase
P5CS = pyrroline-5-carboxylate
synthase
PCM = protein-calorie
malnutrition
PO = proline oxidase
PUFAs = polyunsaturated
fatty acids
PUT = putrescine
RAR = retinoic acid receptor
RNA = ribonucleic acid
ROS = reactive oxygen species
RXR =retinoid X receptors
RXR-o. = retinoid X receptor type
SAHC = S-adenosylhomocysteine
SAM = S-adenosylmethionine
SAMD = S-adenosylmethionine
decarboxylase
SPDS = spermidine synthase
TGFp = transforming growth
factor beta
VDR = vitamin D receptor




