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ABSTRACT

Background: Chronic wounds affect at least 1.9% of the
population, significantly impairing quality of life for sufferers
and placing a large financial burden on the health system™?2.
Adequate nutrition is required for wound healing and many
patients with chronic wounds are significantly malnourished.

Methods: A systematic search of the literature was conducted
utilising the Medline, PubMed, Cochrane Library and CINAHL
Plus databases. The terms malnutrition and nutrition in
alternate searches were used in various combinations with
the Boolean phrase ‘AND’ to find applicable articles: chronic
wound, wound healing, ulcer, diabetic, venous, arterial and
foot. A total of 20 articles fit the criteria to review.

Results: This review has established that it is likely that
malnutrition contributes to wound severity and limb loss;
however, this is only level 3 evidence®*“. This review has
identified a paucity of consistent evidence of the influence of
nutrition on wound healing.
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Conclusions: There are limited good-quality, randomised
controlled trials (RCTs) to assess the impact of nutrition
or malnutrition on wound healing in patients with vascular
wounds. More research is required to evaluate the impact of
education and/or supplementation on rates of healing in the
different wound types.
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INTRODUCTION

Malnutrition is known to impair wound healing in patients
admitted to hospital and in the community setting®®. Around
1.9% of the Australian population are known to suffer from leg
ulcers, foot wounds and pressure injuries, the management
of which imposes a large financial burden on the health care
system, with around $2.85 billion per annum spent managing
chronic wounds in Australia’. A systematic review was
conducted to establish the current evidence regarding the
prevalence of malnutrition in patients with chronic vascular
wounds and the evidence for management of these patients.
Understanding the prevalence of malnutrition in this patient
group will enable health care providers to introduce effective
screening and educational tools to optimise each patient’s
nutritional status. As malnutrition is known to impair wound
healing, improvement of nutritional status in patients with
chronic vascular wounds should result in faster healing times.

BACKGROUND

Physiology of wound healing

Wound healing consists of four overlapping phases:
haemostasis, inflammation, proliferation and maturation”®. If
these phases progress normally, a patient’s wound will heal
without concern. When an injury occurs, the haemostasis
phase is initiated, which involves vasoconstriction and
activation of platelets at the site to stop bleeding’. Fibrin and
growth factors are then released and the wound progresses
into the inflammatory stage. Neutrophils, macrophages
and lymphocytes work to reduce inflammation and engulf
bacteria to prevent infection’. Metalloproteases are essential
to wound healing by breaking down the protein, allowing
new tissue growth by assisting with angiogenesis, tissue
migration, contraction and remodelling®®. An abundance
of metalloproteases in the wound base can lead to protein
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destruction and has the potential to prevent fibroblast
activation and collagen formation, therefore preventing
epithelisation and transition into the remodelling phase?®®.

Nutrition can have a significant impact on wound healing.
Protein is required for collagen synthesis, so if protein levels
are depleted, collagen production will be inadequate and
formation of granulation tissue delayed’. If the patient has
poor nutritional intake, the release of growth factors into
the wound bed is impaired, preventing the progression
of the wound from the inflammatory phase’. Malnutrition
also reduces the ability to combat increasing bacterial
levels, prompting an overstimulation of lymphocytes and
neutrophils, keeping the wound in the inflammatory stage of
healing”®. Sufficient intake of protein and essential vitamins
and minerals will enable the release of sufficient growth
factors and collagen for tissue growth and wound healing’.

Patient knowledge

Patient education regarding the influence of nutrition on
wound healing may improve the quantity and quality of
oral intake in patients with chronic wounds without other
interventions such as supplementation being necessary.
This should then positively impact the wound healing
process'®.

Assessment of patient knowledge and understanding of the
role of nutrition in wound healing needs to be part of future
research. Studies may benefit from including a control group
who receive education on increasing their intake of certain
nutrients through their regular food intake. This may establish
whether increased oral intake, instead of costly supplemental
drinks, provides the desired benefit of improved health and
wound healing. The cost of supplemental drinks can be
considerable and would need to be borne by the health care
service and/or patient, usually over many weeks.

Access to good nutrition involves a complex set of socio-
economic factors, including mobility, co-morbidities, location,
isolation, support networks and so on. There may be many
barriers to accessing adequate nutrition for wound healing™.
These need to be taken into account in study design.

In order to plan further research, a systematic review of the
literature was conducted to establish what evidence exists
to support the management of this complex patient group.

LITERATURE REVIEW

Search strategy

To establish current best practice, a review of the literature
was conducted utilising the Medline, PubMed, Cochrane
Library and CINAHL Plus databases. The terms malnutrition
and nutrition in alternate searches were used in various
combinations with the Boolean phrase ‘AND’ to find
applicable articles: chronic wound, wound healing, ulcer,
diabetic, venous, arterial and foot. Additional searches with
patient education and education were also conducted. The
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search was limited to the last seven years and papers needed
to be available in full text and in the English language.

Summary of literature retrieved

A total of 156 articles were found in the initial searches. Of
these, 136 papers were found to be irrelevant to the topic; or
discussion papers that were not primary studies or literature
reviews. Criteria for inclusion were studies assessing the
impact of malnutrition or supplemental nutrition on wound
healing. When multiples of articles were eliminated, this left
20 articles for analysis. There were: 10 randomised controlled
trials (RCTs), four prospective studies, three retrospective
studies and three pre- and post-intervention studies.

Impact of malnutrition on wound healing

Gau et al.? assessed the nutritional status of 478 patients with
diabetic foot ulcers in a prospective study and found that
malnutrition significantly increased the risk of limb loss2. For
every one point decrease in the patient’s malnutrition score,
the risk of limb loss increased by 23% (n=150 amputations
out of 328 patients, p<0.001)2. This large, well-designed
study has given invaluable evidence for the negative effect
of malnutrition on outcomes in patients with diabetic foot
ulcers?. Wojcik et al.® conducted a prospective study (n=31),
which assessed the nutritional status of patients with
chronic venous leg ulcers or pressure ulcers found that “...
increasing wound severity was associated with decreased
intakes of vitamin A, vitamin K, magnesium, and protein"
in the clients’ diet (p<0.001)%. Banks et al'' found that
malnourished patients have an increased risk of developing
a pressure injury in a large multicentre study (n=3047). This
well-conducted observational study established that the risk
and severity of pressure injury increased with the severity
of malnourishment as measured with the Subjective Global
Assessment Tool (p<0.001)'".

lizaka et al.? attempted to establish a visual assessment of
a patient’s level of malnutrition by evaluating the colour of
the granulation tissue in a patient’s wound. This prospective
study on 42 patients found that the colour of granulation
tissue was affected by multiple factors including haemoglobin
level, presence of diabetes mellitus and dietary intake and
therefore not a reliable marker of malnutrition.

The relationship between serum albumin levels and wound
healing is a complex one. In a retrospective study of 82
patients, the nutritional supply of the patient did not appear
to be related to the serum albumin levels, despite correlation
of inflammation and wound healing with serum albumin
levels™. It is well documented that serum albumin level is of
poor predictive value for nutritional status due to its lack of
specificity and, therefore, is unlikely to be a helpful marker
in treating malnutrition and promoting wound healing®'+. A
large multicentre observational study attempted to assess
whether patients’ energy and protein intake could be linked
to pressure ulcer severity and healing®. However, this study
used serum albumin levels, body mass index and arm
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circumference to assess each patient’s nutritional status;
none of which are validated tools for assessment!®415,
Although the authors found that patients who had a higher
protein and energy diet had a reduction in wound severity, this
requires replication utilising an evidence-based malnutrition
assessment tool such as the Subjective Global Assessment®.

There is little in the literature pertaining to the prevalence of
malnutrition in patients with arterial leg ulcers. This group
of elderly patients with multiple co-morbidities and mobility
issues are probably at higher risk of malnutrition than
patients with other causes for tissue loss’®.

Nutritional supplementation strategies

Three RCTs were conducted in rats on diets with varying
levels of protein to assess wound healing rates'-'°. These
three RCTs found that a high-protein diet was associated with
statistically significant increased growth factor production,
angiogenesis and/or wound contraction rates'"-'°.

An RCT of 60 patients with pressure ulcers, receiving
enteral feeds, were assigned to receive standard nutrition or
optimised nutrition which incorporated increased energy and
protein®°?', This was reported both as a primary study and
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separately as a cost-effectiveness study. Patients receiving
the optimised feeds were found to have an increased healing
rate (p<0.05) which was found to be cost-effective due to
reduced requirements for wound care and products®*?',
This has demonstrated that, regardless of the level of
malnourishment, patients with pressure ulcers benefit from
increased calorie and protein intake and that this intervention
is cost-effective due to the reduction in wound care products
and nursing time?*?'. This was supported by a moderately
sized, double-blind, RCT of well-nourished patients with
Stage three or four pressure injuries receiving oral nutrition
supplement or a non-caloric placebo (n=200)?2. The authors
found that patients receiving the interventional supplement
had a significant decrease in wound size (p<0.016), decreased
wound severity (p<0.033) and decreased time spent on
nursing interventions (p<0.022)?2. These two studies suggest
that patients with severe pressure ulcers (Stage three or
higher) would benefit from nutritional support?®??. Further
trials selecting or stratifying for wound aetiology are required
to establish whether this should become best practice in
wound management.

Cereda et al.®® conducted a moderately sized (n=200),
multicentre randomised double-blinded controlled trial



comparing the impact of two oral nutritional supplements
on wound area reduction and wound healing rates in
patients with pressure ulcers. Patients randomised to receive
the vitamin-enriched intervention supplement, containing
arginine, zinc, selenium and vitamins C and E, demonstrated
decreased wound area when compared with the control
formula that contained similar protein and caloric content
(p=0.017)%.

A study of patients with diabetic foot ulcers assessed wound
healing with a nutritional supplement versus a control in an
RCT (n=270)?*. Although there was no significant improvement
in wound healing across the whole group, the patients with
reduced peripheral arterial supply (ankle-brachial index
of less than 1.0 for the purposes of this trial) and patients
with low albumin did show significant improvements in
wound healing (p=0.008 and p=0.03 respectively)®*. This
demonstrates that risk stratification of patients could aid in
risk assessment and treatment?4. Brewer et al.?® conducted a
small pre- and post-intervention study on spinal cord injury
patients who had pressure ulcers. The intervention group,
who received a supplement containing 9 g of arginine, had
a significantly improved healing time (p=0.006). However, a
larger trial is required in this area as the control group was
not studied prospectively?.

Arginine also decreased pressure ulcer severity in both
well nourished (n=11) and malnourished patients (n=12)
in a small randomised control trial conducted by Leigh,
Desneves?. This trial found that patients receiving 4.5 g or 9
g of arginine daily over three weeks had decreased pressure
ulcer severity (p<0.001) with no difference between the
doses (p=0.991)2.

A small, single-centre RCT (n=24) compared a standard
nutritional supplement with a wound-specific supplement
enriched with 4.5 g of arginine. Surprisingly, the standard
supplement, which contained similar levels of protein and
kilojoules, demonstrated significantly superior wound
healing rates than the arginine-enriched wound-specific
supplement (p=0.044)?". Wong, Chew-Childs?® hypothesised
that nutritional support, supplemented with specialised
amino acids, would improve wound healing in patients
with pressure ulcers. This was tested on 23 patients with
Stage two, three or four pressure ulcers and no statistically
significant difference was found in wound severity or size of
the wound when compared with patients receiving standard
nutritional support (n=23)%. These studies highlight the need
for larger RCTs to establish whether arginine and other amino
acids play a significant role of wound healing, independent of
increased protein or caloric intake.

Patient education

When searching for literature on the education of patients in
malnutrition and the effects on wound healing, very little was
found. One pilot study, however, investigated the tolerance
of a patient educational program regarding nutrition and
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the impact on prevention of pressure injuries (n=66). This
pilot study found improvement in caloric and protein intake
of the intervention group between day one and day three
of the study (p<0.05)%. It would be beneficial to re-assess
these patients at longer follow-up intervals to ensure the
intervention has a long-term benefit. Once this pilot study
has been trialled on a larger scale, it may enable the program
to be trialled in the treatment of various wound aetiologies
rather than only prevention of pressure injuries.

DISCUSSION

This review has established that malnutrition contributes to
wound severity and limb loss; however, this is only level 3
evidence?*. Whilst these links between malnutrition and poor
wound healing have been consistently reported, this review
has identified a paucity of level 1 evidence of the influence
of nutrition on wound healing and a lack of standardisation
of confounding variables including malnutrition scores and
wound healing outcomes. Therefore, there is a poor evidence
base upon which to suggest which interventions, if any, are
worthwhile pursuing prospectively. Although it is clear that
nutritional intervention is important in wound healing, future
studies must standardise for confounding variables.

Patients with chronic wounds have an increased risk of
infection and increased rate of admission to hospital'. Chronic
wounds can be very painful, require frequent dressings and
impact significantly on quality of life, particularly the physical,
social and psychological domains'. Reduction in the time
to heal a chronic wound would therefore benefit the patient
and the health care system'. Patients often have multiple
contributory factors to poor healing and complex care is
required to optimise as many of these factors as possible.
Taking some simple steps to recognise and treat malnutrition
is possible and may favourably influence wound healing®.

This literature review has identified the potential for health
care providers to significantly impact wound healing and
patient outcomes by implementing a screening process
to identify patients with malnutrition. There is potential for
an RCT involving patients with chronic arterial wounds.
A three-way RCT would allow high-protein, high-calorie
supplementation to be compared with patient education
alone and with controls.

CONCLUSION

There are limited good-quality RCTs to assess the impact of
nutrition or malnutrition on wound healing in patients with
diabetic, venous or arterial ulcers. More research is required
to evaluate the impact of education and/or supplementation
on rates of healing in the different wound types. When
planning further research, careful attention to trial design
will need to address the multiple factors influencing access
to, and intake of, appropriate nutrition in order to minimise
confounding factors. This will ensure the results will be a
valuable addition to everyday practice.
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