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Abstract
Malnutrition is known to contribute to wound development 
and impair wound healing through reduction in the availability 
of nutrients to maintain optimal cell maintenance and repair.

This review examines studies from the last decade identified 
via a search of PubMedTM and systematic review databases 
to identify evidence for the effectiveness of nutritional 
interventions in wound healing. Studies reported identified 
via the search included 61 primary studies and six systematic 
reviews.

Generally, single nutrient interventions were found to be 
less effective than interventions utilising multiple nutrients. 
Immune modulating supplements containing arginine (Arg) 
were shown in 13 studies to result in significant improvements 
in at least one outcome measure for the intervention groups. 
There was also support for the use of arginine combined 
with anti-oxidant nutrients in malnourished individuals with 
pressure injuries (PI), and this intervention was found to be 
cost effective. The administration of glutamine (Gin) via the 
enteral nutrition (EN) route appears to convey a beneficial 
effect, particularly in burns and trauma patients, compared 
to parenteral nutrition (PN) administration. Omega-3 fatty 
acids were found to improve healing of diabetic foot ulcers. 
Encouraging further large-scale, multi-centre, prospective 
nutritional intervention research in areas of evidence 
deficiency is recommended.

Introduction
Wound healing is an important focus of care across all 
settings, not limited to any particular condition or age group. 
Achieving optimal healing requires an understanding of 
nutritional requirements, and these need to be adapted to the 
setting and incorporated into a care plan.

The economic burden of wounds across various healthcare 
setting is not fully defined. This is due to a lack of centralised 
incidence and cost data. Chronic wounds such as pressure 
injuries (PIs) (also called pressure ulcers) are recognised as 
one of the more challenging wounds to manage for a multi-
disciplinary team1. In Australia, PIs alone have been reported 
to cost an estimated A$983  million for the 2012–13 fiscal 
year, equating to 1.9% of public hospital expenditure or 
524,661 bed days from 121,645 cases2. The 2017 New South 
Wales Pressure Injury Point Prevalence Survey reported 
that 7.7% of inpatients had a PI, with 4% of these being 
hospital acquired3. In residential aged care facilities, 7.8% 
of residents had a PI, and 9.3% of community or outpatient 
participants reported a PI in this survey3. In addition, acute 
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wounds such as postoperative wound breakdown or surgical 
wound dehiscence (SWD) are often under-reported and 
contribute significantly to the economic burden of care4. In 
the US, non-healing infected surgical wounds were the most 
common and costly wound type, equating to US$13.1 billion 
in Medicare benefits in 20144. These are not only managed 
in the hospital setting, increasing average hospital length of 
stay (LOS) in the US by 9.4 days, but also in the community 
setting4. It has been reported in the UK that over 57% of 
SWD healing by secondary intention were managed in the 
community setting4.

Risk factors for the development of wounds are complex and 
multi-factorial. It is recognised that unintentional weight loss 
is a predictor for wound development; however, this is also 
complicated by health co-morbidities as well as individual 
circumstances5. Elderly people living on their own are at higher 
risk of malnutrition. Whilst meal supports may be available, 
this may not supply an adequate full day’s required nutritional 
intake, and comes at an economic burden to the individual 
that may be a deterrence. Additionally, physical functioning 
may be impaired, limiting ability to optimally prepare meals 
and subsequently decreasing intake. Confinement to a bed 
or chair is a known contributor to PI and increased mortality 
risk5.

Malnutrition is known to contribute to wound development 
and impair wound healing through reduction in the availability 
of nutrients to maintain optimal cell maintenance and 
repair. Due to the decrease in sub-cutaneous adipose 
tissue in undernourishment, cushioning afforded over bony 
prominences is reduced, compromising the tissues ability to 
cope with pressure, friction and shear1. In addition, immunity 
is decreased in the undernourished, allowing infection4. 
Malnourished patients are twice as likely to develop PI 
(relative risk (RR) 2.1; 95% CI, 1.1–4.2)5. Whilst malnutrition 
is not commonly thought of as a condition prevalent in 
western countries, the Nutrition Care Day Survey completed 
in 2010 indicated that, from 56 participating hospitals across 
Australia and New Zealand, representing 3122 patients, 32% 
of patients were malnourished, with a further 41% identified 
as “at risk of malnutrition”6.

Addressing nutrition in wound healing is a recognised 
part of the multi-disciplinary management required to 
achieve optimal healing outcomes1,4. Differences do exist 
between the nutritional management of acute and chronic 
wounds; however, there are many similarities1,4. Nutrition 
for wound healing is often described in terms of the 
provision of macronutrients, micronutrients and fluid (water). 
Macronutrients are probably the most commonly known 
group of nutrients and are considered as important for their 
role in wound healing, with the three pillars of protein, fats 
and carbohydrates falling under this umbrella term. Protein as 
a whole is considered the ‘building block’ of muscle or lean 
tissue for the body, as well as for cells required for optimal 
immune function (lymphocytes, leukocytes, phagocytes, 
monocytes and macrophages) and the wound healing protein 

collagen7. As part of normal digestion it is broken down into 
amino acids, of which some are non-essential (able to be 
produced by the body), some are essential (required to be 
provided through nutritional intake in adequate amounts), 
and some are conditionally essential8.

Conditionally essential amino acids are of particular interest 
in wound healing. Conditionally essential amino acids are 
those which, under normal physiological circumstances, 
are available in adequate volumes within the body to 
achieve healthy homeostasis; however, in periods of stress, 
additional exogenous sources are required to maintain 
optimal function9. Such examples regarding wound healing 
in the reported literature are Arg, Gln and methionine. 
Arg is a precursor for proline, glutamate and polyamine 
synthesis10. It has been demonstrated to promote wound 
healing, stimulate insulin, insulin-like growth factor-1 and 
pituitary human growth hormone. In-vitro studies have also 
demonstrated that it has a role in the promotion of T-cell 
proliferation10. Gln acts as a direct source of cellular energy 
to assist with metabolic functions as a nitrogen shuttle. Gln 
stimulates immune function and wound healing through 
acting as a fuel source for lymphocytes, macrophages 
and fibroblasts10. Importantly, Gln preserves gut integrity 
through acting as a primary fuel source for the enterocytes 
and colonocytes within the gastrointestinal tract which may 
prevent translocation of pathogenic bacteria across the 
intestinal lumen, in turn preventing systemic infections10. 
Gln is an important nutrient in the support of anti-oxidant 
function through its role as a precursor for glutathione and 
potentially reduces insulin resistance10.

During times of physiological stress, synthesis of nucleotides 
is down-regulated in the body, resulting in decreased 
replication of rapidly dividing cells required for wound 
healing and immunity, such as GI mucosa, lymphocytes 
and macrophages11. One area of research relating to wound 
healing is the exogenous supplementation of RNA nucleotides 
in combination with other active nutrients11.

Upon intake, fat is broken down into smaller components 
known as fatty acids which, similar to protein, are regarded 
as essential and non-essential, and cholesterol8. Fatty acids 
themselves are essential in the body to form the lipid bi-layer 
of all cell and organelle membranes as well as the membranes 
that insulate nerve axons. Fats also provide a source of 
cellular energy via beta oxidation during catabolic states8. 
Similar to protein, certain subgroups of fatty acids have been 
researched with specific interest related to wound healing. 
For example, the omega-3 fatty acids eicosapentaenoic acid 
(EPA) and docosahexaenoic acid (DHA) are metabolised to 
comparatively less inflammatory and less immunosuppressive 
metabolites than omega-6 fatty acids11 and this in turn may 
aid wound healing. Carbohydrates, specifically glucose, 
are the preferred substrates for cellular energy, especially 
for brain and erythrocytes. Current recommendations for a 
healthy diet are that 45-65% of energy be provided through 
carbohydrates (Australian Dietary Guidelines, available 
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from: https://www.health.gov.au/resources/publications/the-
australian-dietary-guidelines).

Micronutrients is the group terminology for nutrients that 
are present in the body in minute amounts but contribute to 
essential function and optimal homeostasis. This grouping 
is made up of vitamins, minerals and trace elements. 
Micronutrients provide co-factors for many necessary 
enzymatic processes in the body. Some micronutrients, 
especially fat soluble nutrients, have good reserves in the 
body when dietary intake is adequate in a healthy state; 
however, water soluble nutrients are not stored in the body 
and regular intake is essential for healthy functioning. During 
periods of stress, including that of wound healing, their 
intake becomes more essential.

Ascorbic acid, or Vitamin  C, is possibly the most well 
recognised micronutrient in regards to is contribution to 
wound healing and immunity. Vitamin  C acts as an anti-
oxidant as well as being essential for collagen production in 
wound healing through its role as a co-factor during collagen 
synthesis. Similarly to Vitamin C, zinc is well regarded for its 
role in immune functions and wound healing12. Deficiency 
of zinc leads to suppression of cell proliferation as it is a 
co-factor for many enzymes required for the synthesis of 
RNA, DNA and proteins13,14.

Iron also has an essential role in wound healing as an essential 
part of haemoglobin which is required for oxygen transport 
to the regenerating wound tissue12,15. In addition, iron is a 
co-factor in the enzymatic process required for synthesis 
of collagen15,16. Emerging areas of research regarding 
wound healing include vitamin  D, calcium b-hydroxy-b-
methylbutyrate (CaHMB), probiotics, bioflavonoids and folate; 
however, their roles are currently less well understood17–22.

Nutrients investigated for their role in wound healing have 
traditionally been supplemented as an individual or single 
nutrient supplementation strategy or in addition to other 
nutrients which may convey their own beneficial effect on 
wound healing as a combined nutrient supplementation 
strategy. Alternate nutritional interventions have also been 
reported where interventional strategies employed are not 
able to be assigned to either of the first two categories.

The aim of this review is to summarise the readily accessible 
evidence from the past decade that addresses nutritional 
interventions in wound healing.

Methods
A literature review was conducted using the online database 
PubMed™ to identify studies published in the past 10 years 
that evaluated the effect of nutritional interventions on 
wound healing outcomes. PubMed™ was utilised due to 
its easy and free accessibility for clinicians, regardless of 
organisational affiliations. This interface searches the same 
Medline content as Ovid; however, it does not require 
subscription and includes all references as soon as they are 

added to the US National Library of Medicine (NLM) without 
delay. Search terms included nutrition, vitamin, mineral, 
protein, amino acid, arginine, glutamine, fat, carbohydrate, 
zinc, iron and wound. In addition, to identify any systematic 
reviews related to this topic, a search was conducted 
of systematic review databases including The Cochrane 
Database, Joanna Briggs Institute Database of Systematic 
Reviews and Implementation Reports as well as PubMed™. 
Search parameters were limited to human trials, English 
language articles and publication date (defined for the 
purpose of this review as 1  January 2010 to 17  January 
2020). Studies published earlier to this date range were 
included for presentation only where they were presented 
as part of a systematic review published within the specified 
date range for the search.

Interventions considered for inclusion were nutritional 
interventions including parenteral (PN), enteral (EN) or oral 
nutrition (ON) strategies. Outcome measures of interest to 
this study included wound healing, anastomosis integrity, 
LOS and mortality. Where included systematic reviews 
reported on alternate outcomes of interest than this review, 
this data was excluded from reporting. For the purpose of 
this review, studies investigating topically applied nutrients/
dressings, preventative administration of nutrition prior 
to radiotherapy, nutritional strategies to prevent wound 
development, study protocols, radiotherapy-induced skin/
mucous membrane conditions (dermatitis, mucositis), and 
pharmaceutical nutritional adjuncts (such as human growth 
hormone and anabolic steroids) were excluded. All citations 
retrieved from database searches were exported into the 
bibliographic citation management software EndNote® 
X9 (Thomson Reuters). After removal of duplicates and 
screening of titles and abstracts against eligibility criteria for 
the review, potentially relevant full text articles were retrieved 
and assessed for their suitability for inclusion in the review.

Results
The full process of study selection is detailed in Figure  1. 
The results are broken down into three categories – single 
nutrient supplementation strategies, combined nutrient 
supplementation strategies, and alternate nutritional 
intervention strategies. These are considered in detail, in 
particular relation to their role in wound healing.

Single nutrient supplementation strategies and their role in 
wound healing

Arginine

Three studies identified via our search strategy investigated the 
amino acid as a single nutrient intervention strategy in wound 
healing (Table 1)24–26. Debats and colleagues24 investigated the 
use of 30g intravenous (IV) Arg supplementation for 5 days 
post-autograft reconstructive surgery vs an isonitrogenous 
control and demonstrated no significant difference on wound 
healing outcomes24. Two studies from Spain investigated 
the effect of EN supplementation of high dose Arg (20g and 

Kurmis et al.	 Evidence for nutritional interventions in wound healing
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18.9g per day) compared to lower dose Arg (12.3g per day) 
supplementation on wound healing outcomes following 
head and neck cancer surgery25,26. Both of these studies 
demonstrated significantly less wound fistula formation 
in the high dose intervention groups (p=0.033 & p=0.006, 
respectively); however, no significant differences were seen 
in the rate of wound infections nor LOS25,26.

One systematic review identified27 included one study 
assessing the effectiveness of arginine butyrate administered 
parenterally on leg ulcer healing in patients with sickle cell 
disease. There was a non-significant difference in incidence 
of complete ulcer closure reported in the Arg butyrate group 
(30%, 11 of 37 ulcers) versus the control group (8%, two of 25 
ulcers) (p=0.056). This study also reported an improved rate 
of healing as determined by the mean decrease in pressure 

ulcer size with Arg butyrate administration compared to the 
control; however, the relative effect was not estimable in the 
systematic review and this study was assigned a very low 
quality of evidence due to inconsistencies with randomisation 
of its small cohort (62 ulcers) and its lack of statistical power 
to determine an effect.

Glutamine

There were two studies identified investigating the 
supplementation of Gln as a single nutrient intervention 
strategy (Table  2)28,29. Perez-Barcena and colleagues28 
investigated the use of IV Gln for 5  days in the intensive 
care unit (ICU) following multi-trauma admission. No effect 
of supplementation was demonstrated on mortality, LOS nor 
infectious complications28. In contrast, the study reported by 

Figure 1. Flow chart of literature review process (adapted from PRISMA flow diagram23)

Kurmis et al.	 Evidence for nutritional interventions in wound healing
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Blass and colleagues29 investigated EN supplementation 
of Gln, in addition to other anti-oxidant nutrients, 
and a high protein diet in trauma patients who had 
demonstrated delayed wound healing. This study 
demonstrated a significant improvement in time to 
wound healing (p=0.01); however, no effect on LOS was 
seen29.

In the systematic review conducted by Tan and 
colleagues30 investigating the effects of immunonutrients 
following burn injury, seven studies were identified that 
investigated the supplementation of Gin vs a control or 
placebo. All of these included studies were published 
between 2001 and 200430. Three of the included studies 
reported on all-cause mortality following supplementation 
and, when pooled in the systematic review, showed 
a significant decrease (RR 0.25 (95%  CI 0.08 to 0.78) 
p=0.02)30. All of the seven included studies reported 
on LOS, representing 255 participants30. When pooled, 
these results demonstrated a significant decrease in 
LOS (RR –5.65 (95% CI –8.091,31 to 3.22) p=<0.0001)30. 
It should be noted that these analyses included studies 
where Gin supplementation was via the EN or PN 
routes, and results may differ for these methods of 
administration.

This systematic review also included three studies 
investigating the effects of ornithine α-ketoglutarate (a 
precursor for Gin and Arg) vs soy protein or placebo30. 
All three studies, representing 155 participants, reported 
on mortality and, when pooled, results demonstrated no 
significant effect of supplementation (RR 0.93 (95%CI 
0.37 to 2.36) p=0.88)30. One included study (n=48) 
reported on LOS and failed to demonstrate a significant 
decrease (RR –4.21 (95% CI –18.87 to 10.45) p=0.57)30.

Omega-3 fatty acids

Three studies were identified that investigated the 
supplementation of omega-3 fatty acids from fish oil 
sources32–34, although two of these studies32,33 reported 
on different outcomes from the same cohort of study 
participants so have been combined for the presentation 
of outcomes in Table  332–34. Two study cohorts were 
administered EN enriched with fish oil compared to 
standard EN formulas32–34. The study by Tihista and 
colleagues34 in burn injury patients requiring mechanical 
ventilation demonstrated a significant decrease in sepsis 
(p=0.03); however, no difference in LOS was seen34. 
The cohort presented by Theilla and colleagues32,33 
investigated PI patients in the ICU. This group 
demonstrated a deterioration in PI state in the control 
group, whilst the intervention group PI severity did not 
change significantly.

An additional double blind, randomised controlled trial 
(DBRCT) by Soleimani and colleagues35 investigated the 
supplementation of omega-3 fatty acids derived from 
flaxseed oil (100mg/day, give twice daily for 12 weeks), Ta
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versus a placebo in 60 patients with grade  III diabetic foot 
ulcers. They reported that supplementation significantly 
reduced ulcer length (p=0.03), width (p=0.02) and depth 
(p=0.01) compared to the placebo35.

In the systematic review identified by Tan and colleagues30, 
only one study investigating the effect of omega-3 fatty acids 
following burn injury was included. This study was published 
in 1995 and included 25 participants. No significant effect 
was seen on mortality (p=0.41); however, a decrease in LOS 
was reported (RR –21.0 (95% CI –41 to –0.97) p=0.04)30.

Zinc

One small primary study was identified that investigated 
the role of zinc supplementation as a single agent on 
wound healing outcomes in a cohort of 58 patients36. 
Momen-Heravi and colleagues36 supplemented patients 
with grade  III diabetic foot ulcers with 220mg zinc (50mg 
elemental zinc) daily for 12  weeks in a DBRCT, placebo 
controlled study. They reported a significant increase in 
serum zinc levels (p<0.001), and a significant decrease 
in ulcer length (p=0.02), width (p=0.02), but not depth 
(p=0.05) in the intervention group compared with the placebo 
group36. Significant improvements in serum insulin (p=0.009), 
HbA1c (p=0.01), total anti-oxidant capacity (p<0.01) and total 
glutathione status (p=0.006) were also reported benefits with 
supplementation36.

Two additional studies identified investigated the 
supplementation of a carnosine zinc complex (Polaprezine) in 
adult patients with PIs37,38. Both studies reported significant 
improvements with Polaprezine supplementation at 150mg/
day compared with no supplementation on wound healing 
from baseline until week 8 of supplementation (p=0.00937 and 
p<0.00138). Neither study was blinded nor randomised, and 
both studies consisted of small cohorts and were conducted 
by the same authors at the same site37,38.

Two systematic reviews were identified that included the 
investigation of zinc sulphate supplementation on PI39 or 
arterial and venous leg ulcer40 healing. Only eight trials were 
identified between the two reviews, representing 217 total 
participants, all conducted prior to 1980. All included studies 
were identified as having risk of bias. No beneficial effects of 
supplementation were identified by either review39,40.

Vitamin D

Three studies identified as part of this review supplemented 
with vitamin  D versus placebo20,41,42, whilst a fourth study 
provided a nutritional supplement fortified with vitamin  D, 
calcium b-hydroxy-b-methylbutyrate (CaHMB) and protein 
versus a standard diet19.

Razzaghi and colleagues41 investigated the supplementation 
of 50,000 IU of vitamin D every 2 weeks versus placebo, over 
a 12-week period in 60 participants with grade  III diabetic 
foot ulcers. This study reported an overall positive effect on 
wound healing with supplementation by demonstrating a 

significant decrease in the length (p=0.001), width (p=0.02) 
and depth (p<0.001) of the ulcers41.

Burkiewicz and colleagues20 investigated the supplementation 
of 50,000 IU of vitamin D every week for 2 months versus no 
supplementation in 52 vitamin D deficient participants with 
chronic venous leg ulcers. A non-significant trend towards 
improved healing with supplementation was reported 
(p=0.0676)20.

In the DBRCT presented by Gottschlich and colleagues42 
vitamin  D supplementation (100  IU/kg/d vitamin  D2 in 18 
patients or 100  IU/kg/d vitamin  D3 in 15 patients) was 
compared to a control group (17 patients) following severe 
paediatric burn injury. No difference in LOS, number of 
surgical procedures, nor mortality was identified42.

The randomised control trial (RCT) reported by Ekinci and 
colleagues19 investigated the use of a diet supplemented 
with specialised wound healing supplements (enriched with 
3g CaHMB, 1000  IU vitamin  D, and 36g protein) vs a 
standard diet alone in 75 postoperative hip fracture patients. 
Supplementation was reported to significantly decrease 
wound healing time (p=0.037); however, no differences in 
LOS were observed between groups (p=0.76)19.

Vitamin C

One study identified by Li and colleagues43 investigated the 
supplementation of oral vitamin  C for 7  days post dental 
implant surgery in 128 participants on wound healing outcomes 
compared to no supplementation. They demonstrated that 
patients who received dental implants supported with a 
guided bone regeneration (GBR) technique and implants for 
chronic periodontis had significantly improved wound healing 
outcomes (p<0.002) compared to no supplementation43. 
Patients who underwent implants and Bio-Oss collagen grafts 
and dental implants without grafts or periodontis did not 
demonstrate any significant benefit from supplementation43.

Magnesium

Two studies identified investigated the effect of magnesium 
supplementation either alone or combined with other 
nutrients on wound healing outcomes44.

In the DBRCT conducted by Razzaghi and colleagues44, 
70 participants with grade  III diabetic foot ulcers were 
administered either 250mg/day of magnesium or placebo. 
Supplementation was reported to significantly decrease ulcer 
length (p=0.01), width (p=0.02) and depth (p=0.003)44.

Also investigating the effects of nutritional supplementation 
of grade III diabetic foot ulcer healing, Afzali and colleagues45 
supplemented 57 participants with either 250mg/day 
of magnesium combined with 400  IU vitamin  E/day or 
placebo for 12  weeks. This intervention was also reported 
to significantly reduce ulcer length (p=0.003), width (p=0.02), 
and depth (p=0.02) compared to the placebo group, although 
the mix of nutrients makes it difficult to determine if this effect 
was related to either nutrient alone or the combination45.
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Combined nutrient supplementation strategies and their role 
in wound healing

The largest grouping of supplementation type identified 
as part of this review was the supplementation of Arg in 
conjunction with other macro and micronutrients as part of 
immunonutrition regimens, delivered via various EN and ON 
preparations, with 16 studies identified (Table 4)46–61.

Eight of the studies investigating immune-nutrition strategies 
identified studied cohorts of patients presenting with PI, 
venous ulcers or diabetic ulcers46–52,61. The remaining eight 
studies investigated outcomes for patients undergoing 
surgery for various malignancies53–60.

In 13 studies where an immune modulating supplement 
containing Arg was compared to a standard or placebo 
control with no or very low levels of Arg, significant 
improvements were seen in at least one outcome measure 
for the intervention groups47–50,52–57,59–61. In two studies where 
no effect was seen in the whole cohort, when adjusted for 
nutritional parameters, patients with poorer nutritional indices 
(severe weight loss or hypoalbuminaemia) demonstrated 
significant improvements in outcome measures compared 
with controls51,58. This effect was not seen in the study by 
Leigh and colleagues46. This study compared a high dose 
of Arg (9g/day) supplementation with a moderate dose 
Arg (4.5g/day) supplementation in non-healing PI patients. 
Both groups demonstrated significant improvements in 
wound healing outcomes with supplementation, whilst well-
nourished patients demonstrated a trend towards improved 
healing rates compared to malnourished patients (p=0.057)46. 
The high dose supplementation group did meet significantly 
more of their energy (p=0.008) and protein (p=0.008) intake 
compared with the moderately supplemented group, with 
no difference in weight change seen over the study period46.

The cohort of 200 malnourished adults with stage  II–IV 
pressure ulcers in long-term and home care services 
presented by Cereda and colleagues47 provided a mixed 
nutritional supplement containing Arg and anti-oxidant 
nutrients compared to an isocaloric, isoitrogenous control. 
Supplementation demonstrated a significant decrease in 
pressure ulcer area (60.9%) compared to control (45.2%) 
(p=0.017). Both intervention and control demonstrated 
significantly improved wound healing (p<0.001)47. 
Interestingly, this group provided a later economic evaluation 
of this study62. This demonstrated that although the 
intervention supplement was significantly more expensive 
that the comparator (p<0.001), the intervention resulted in 
significant savings overall from the non-nutritional costs of 
care (p<0.001) [nursing p=0.001, dressings p=0.024], and 
significantly lower costs of PI care overall (p=0.013)62.

In the systematic review conducted by Langer and Fink39, 
seven studies (including the studies by van Anholt et  al.48 
and Ohura et  al.63 identified in this literature search, with 
the remainder published prior to our search date criteria) 
were identified investigating mixed nutritional supplements 

compared to other nutritional interventions, and four trials 
(again including van Anholt et al.48) were identified comparing 
Arg-enriched mixed nutritional supplements against a 
standard hospital diet. When pooled, Arg-enriched mixed 
nutritional supplements improved Pressure Ulcer Scale 
for Healing (PUSH) score when compared to the standard 
hospital diet (p=0.0001). This analysis was limited by the 
small number of participants in the three individual studies 
included (n=80). Two studies were pooled regarding the 
outcome measure of ulcer size, representing 71 participants. 
This analysis favoured the effect of supplementation on 
ulcer size; however, the overall effect was not significant 
(p=0.14). This lack of significance is likely due to the small 
sample sizes in both included studies, identified in the review 
as being statistically underpowered, as well as their large 
confidence intervals.

In the systematic review conducted by Tan and colleagues30, 
four studies (published prior to 2010) were identified that 
investigated the effects of combined immunonutrients vs 
multi-nutrient supplementation or placebo following burn 
injury. All four studies, with a total of 163 participants, reported 
on mortality as an outcome measure30. When pooled, there 
was no significant effect of supplementation seen (RR 
1.1 (95%CI 0.47 to 2.6) p=0.83)30. Three of the included 
studies reported on LOS; when pooled, these also failed to 
demonstrate a significant effect with supplementation (RR 
1.93 (95%CI –4041 to 8.28) p=0.55)30.

Probiotics

Three studies identified through the review search strategy 
investigated the effect of probiotic administration on wound 
healing outcomes.

The DBRCT conducted by Kotzampassi and colleagues21 
investigated supplementation with a probiotic regimen on 
outcomes following elective open colonic resection with 
primary anastomosis for colorectal cancer. Participants 
(n=164) were assigned to a probiotic regimen consisting of 
a pre-operative loading dose of four capsules followed by 
one capsule twice daily orally for 15 days or placebo21. The 
probiotic capsules contained four active strains consisting 
of Lactobacillus acidophilus 1.75x  109cfu, Lactobacillus 
plantarum 0.5x  109cfu, Bifidobacterium lactis 1.75x  109cfu, 
Saccharomyces boulardii 1.5x  109cfu21. Probiotic 
supplementation was reported to significantly decrease 
overall complications (p=0.01), infectious complications 
(p=0.009), anastomotic leak (p=0.031), and LOS (although 
this data was not provided by authors)21.

In the DBRCT, placebo controlled study conducted by 
Mohseni and colleagues17, the effect of a probiotic regimen 
was investigated on wound healing outcomes in 60 grade III 
diabetic foot ulcer patients. A probiotic capsule containing 
L. acidophilus, L. casei, L. fermentum, B. bifidum (2x 109cfu/g 
each) or placebo was provided daily for 12  weeks17. 
Supplementation was reported to significantly decrease in 
ulcer width (p=0.02), length (p=0.01), and depth (p<0.02)17.
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Mayes and colleagues64 in their RCT administered 
Lactobacillus rhamnosus GG (15 billion CFU/dose), or placebo 
twice daily to their cohort of 20 paediatric acute burn patients 
requiring feeding tubes, until 95% wound closure was 
achieved. They reported trends towards lower requirements 
for operative excision/grafting procedures (p=0.23) and time 
to complete healing (p=0.23) with supplementation; however, 
no difference in medical LOS. It should be noted, however, 
that this small study was designed to evaluate the safety, 
not the efficacy, of supplementation with probiotics following 
burn injury and, as such, this study was underpowered to 
determine statistical effects on outcomes of interest to this 
review.

Bioflavenoids

Two studies were identified that Bioflavenoids alone18 or 
combined with anti-oxidant nutrients65. In the study presented 
by Serra and colleagues18 in 83 patients with venous leg 
ulcers for more than 6  weeks, 8  months’ supplementation 
was shown to have an improved healing rate at 12 months 
(83.8%) compared to the comparator group (60.56%)18. 
In contrast, in the small cohort of 20 superficial to partial 
thickness adult burn injury patients reported by Raposio 
et al.65, supplementation of bioflavonoids combined with anti-
oxidants demonstrated no differences on LOS (p=0.63)65.

Alternate nutritional intervention strategies

Five additional studies identified investigated alternate 
or novel strategies not categorisable to the groupings 
above22,66–69. Fifteen studies identified as part of the search 
strategy investigated heterogenous early EN, PN or ON 
support regimens in various medical conditions63,70–83. 
Characteristics of these studies are summarised in Table 5. 
Despite population groups, early EN and ON interventions 
appeared to have positive effects on outcomes of interest, 
especially when compared to PN interventions.

In the RCT presented by Najmi and colleagues67, 100 patients 
with 10–20% second degree burns were provided an oral diet 
consisting of 20% protein, 60% carbohydrate and 20% lipid 
until discharge. The intervention group received their lipid 
from olive oil sources, whilst the control group received their 
lipid from sunflower oil67. The provision of lipid from olive oil 
was reported to significantly decrease the duration of wound 
healing (p=0.01) and LOS (p=0.05)67. The DBRCT, parallel 
group study by Babajafari and colleagues69 investigated 
the effect of isolated soy protein supplementation with and 
without flaxseed oil as a functional food versus a wheat 
flour and corn oil food (cookie) comparator in 73 patients 
with 20–50% total body surface area (TBSA) burn injuries. 
Significant improvements were seen in wound healing in 
the isolated soy protein groups compared with the control 
at days  22 and 25 (p<0.05)69. All groups demonstrated a 
significant reduction in wound size from baseline over the 
3-week study period (p<0.001); however, there was no 
significant difference between groups overall (p=0.7)69.

An open label, parallel group study conducted by de 
Franciscis and colleagues22 investigated the supplementation 
of folic acid (1.2mg/day) for 12  months in 87 patients with 
chronic venous ulcers who had hyperhomocysteinaemia 
(HHcy) versus chronic ulcer patients without HHcy and 
not supplemented with folate22. This study demonstrated a 
significantly higher rate of healing in the folic acid group than 
the comparator (p<0.05)22.

The RCT conducted by Fujita and colleagues68 investigating 
the rate of anastomotic leaks following thorascopic 
esophagectomy for cancer resection, provided their 
intervention group with a continuous, warmed intra venous 
infusion of 18 amino acids for 30 minutes prior to and during 
surgery68. They reported a significant decrease in surgical site 
infections (p=0.029) and no difference in anastomotic leaks 
(p=0.76) in their cohort of 130 participants68.

A prospective, controlled, before and after comparative 
interventional study conducted by Bell and colleagues66 
investigated two differing nutritional care models on 
outcomes for 116 patients who had sustained hip fractures 
that required surgical intervention66. The treatment group 
received a multidisciplinary nutritional care model, whilst the 
comparator group received individualised nutrition care66. 
Whilst the intervention was shown to increase intake of 
energy (by 210%) and protein (by 207%), recruitment 
numbers were insufficient to determine an effect on pressure 
areas, surgical site infections, or mortality66.

One additional systematic review was also identified that 
investigated nutrition strategies not elsewhere reported84. In 
the systematic review presented by Masters and colleagues84, 
two studies with a total of 93 participants, published prior to 
the year 2000, were included84. One study investigated the 
use of two different high fat EN feed preparations versus an 
high carbohydrate EN feed84. The second study compared a 
high fat EN feed control group to two high carbohydrate EN 
feed groups, one supplemented with omega-3 fatty acids84. 
Due to the low participant numbers and heterogeneous 
nature of the included studies, no solid recommendations 
could be offered by the review authors regarding optimal fat 
to carbohydrate ratios in the EN feed provision to burn injury 
patients84.

Discussion
Despite the recognised importance of nutrition in wound 
healing, this review has highlighted the paucity of high 
quality evidence generated in this field over the past 
decade and the difficulty in its interpretation. One major 
limitation with interpreting much of the literature in this field 
is the combined nutrient strategies. This prevents the active 
nutrients and optimal dosage from being deduced. Another 
limitation of these studies is the lack of nutritional intake 
or status (pre- and/or post-intervention) being reported or 
taken into consideration with the study design, such as 
in those reported by Serra et  al.18, Raposio et  al.65, and 
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Fujita et  al.68 amongst others reported in this review. This 
is of particular importance in determining the effect of a 
nutritional intervention on wound healing, especially given 
the difference seen in nutritional interventional effectiveness 
by many studies that have included nutritional status as 
part of their outcome analysis. Although one would assume 
than malnourished patients may have better wound healing 
outcomes than well-nourished patients, this effect was not 
observed in the study conducted by Leigh et  al., where 
well-nourished patients showed a trend towards improved 
healing rates compared to malnourished participants when 
supplemented with Arg for non-healing PIs46. In addition 
to this complexity in literature interpretation, some studies 
explicitly measured and reported on compliance with ON 
supplementation and accounted for this in their statistical 
analysis or reporting46–48,50,61, whilst other studies failed to 
report on compliance53,55,60. Such distinctions in nutritional 
status and compliance is important for clinicians to apply the 
correct nutrient prescriptions to their populations for optimal 
efficacy and fiscal justifications.

Another limitation in interpreting and comparing efficacy 
of nutritional intervention strategies reported in the current 
literature is the lack of standardisation in wound healing 
outcome measures used. For example, the fairly homogenous 
wound group of PIs, multiple tools such as the PUSH, overall 
percentage size, change in surface area, and time to healing 
were all reported for this outcome46–48. Whether effectiveness 
seen in chronic wounds is translatable to acute wounds, and 
vice versa, is also unknown.

Despite the limitation of this review only searching one 
database representing all Medline listed investigations, the 
majority of primary studies identified were single centre and 
small in sample size. This likely reflects the complexity in 
conducting high quality nutrition intervention research given 
the limitations of population type and numbers. One example 
of this issue is the comparatively large study conducted 
by Falewee et  al.56. Despite having a strong study design 
including eight recruitment centres, their pre-determined 
sample size was not met due to inadequate recruitment 
in the allocated study timeframe56. The majority of studies 
identified were also conducted in adult populations, with 
only five identified being conducted in paediatric participants 
– three in burn injury, one in ileostomy/colostomy closure, 
one in intestinal resection64,72,75,77,85. This paucity in paediatric 
wound healing literature is of concern given the importance 
of adequate nutrition for optimal growth and development in 
this population86. This may be reflective of the small numbers 
of paediatric wounds presenting comparatively to the adult 
population or complexities in establishing or conducting 
research in this setting. This lack of specific evidence for 
the paediatric population potentially hampers the delivery of 
optimal nutrition support for wound healing in this setting.

Health professionals endeavour to base their 
recommendations on the available evidence, and guidelines 

aim to assist translation of evidence into practice1. This 
review identified that the more recent evidence for some of 
the key recognised macro and micronutrients involved in 
wound healing is, in many instances, weak, and often this is 
due to research design and reporting limitations. Encouraging 
further research in specific areas of deficiency, such as that 
identified in the paediatric population, is recommended. 
That being said, health professionals should always be 
recommending adequate amounts of highly nutritious food 
and fluids for general wellbeing in accordance with the 
guidelines for healthy eating86. When it comes to aiding 
wound healing in complex wounds, nutrition is an integral 
strategy to complement good wound hygiene practice and 
care1.

Nutrition as an important consideration for best outcomes 
has been included in the care of complex burns for decades87, 
so why is it not an automatic consideration in slow to heal 
wounds, chronic wounds, dehisced surgical wounds? It 
seems that because there is no specific evidence for each 
wound type and nutrient intervention, the nutrition aspect 
has often given less importance. Nevertheless, some of 
these studies provide sufficiently strong evidence to influence 
clinical practice. For example, arginine administered as a 
single interventional agent appears to convey some benefits 
for wound healing outcomes in the surgical oncology patient 
populations, at a higher administered doses (12–20g/day) 
for at least 10 days. Evidence in other populations remains 
insufficient to support its routine use. It also must be 
noted that there are recommendations for caution with its 
administration in the ICU setting. The Canadian Critical 
Care Guidelines, considering unpublished evidence showing 
possible increased mortality when initiated in severely septic 
medical ICU patients (however, not in patients who are 
already established on Arg who later become septic), make 
this recommendation88.

The combination of arginine with other anti-oxidant or 
immune-modulating appears to offer benefit in malnourished 
patients with chronic wounds such as PIs, and has been 
shown to convey cost benefits to care47,62. The lack of effect 
seen in the systematic reviews identified as part of this 
search strategy are not surprising39. This area of research 
is diverse in its inclusion criteria, doses and nutrients 
administered, outcome measures and often of small scale. 
This is prohibitive to the accurate pooling of data to 
determine effects, as well as the ability to ascertain the key 
nutrients providing benefit. Regarding the management of 
chronic wounds, dosage of 4.5–9g/day administered orally 
appears effective. To strengthen this area of research, future 
studies should also employ cost benefit analysis to assist 
with determination of efficacy and translation of evidence 
into clinical practice for these types of nutritional strategies10.

The administration of Gln via the EN route appears to convey 
a beneficial effect, particularly in burns and trauma patients, 
compared to PN administration10,30. This may be due to its 
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role as a primary metabolite for gut enterocytes, improving 
gut integrity and preventing known sources of sepsis such 
as bacterial translocation of the intestinal tract10. To elucidate 
this effect it is important to calculate Gln dosages in addition 
to total protein requirements. Similarly to Arg it is sometimes 
administered as part of combined immune-nutrition regimens 
which complicates the ability to determine the most beneficial 
nutrient29,59. These regimens, however, have been proven to 
be safely administered in certain populations, and potentially 
may decrease time to healing and LOS89–92. The inclusion 
of the omega-3 fatty acids EPA and DHA likely improves 
the effect of these immune-nutrition regimes as they are 
metabolised to comparatively less inflammatory and less 
immunosuppressive metabolites than omega-6 fatty acids10. 
Dosage of supplementation appears to be more important 
with Gln than Arg, with ≥0.3g/kg/day via the EN route required 
to be effective30. Dosage studies have proved that up to 60g/
day of Gln appears to be safe to administer. Importantly, the 
administration of Arg and Gln, for the purpose of improving 
wound healing, should be provided separately to the overall 
global protein required. If given as part of the general protein 
requirements or possibly where insufficient energy intake is 
consumed, they are utilised via different metabolic pathways 
negating their beneficial effects30.

To elucidate the optimal implementation of research into 
clinical practice, multiple practice guidelines have been 
developed1,31,93,94. These guidelines all support the use of 
determining malnutrition risk using appropriate and validated 
screening tools as the first step of clinical management1,93,94. 
This should include weight status, weight history, and 
whether weight loss has occurred. Dietary adequacy 
of total nutrient intake should also be assessed, with 
guideline recommendations for macronutrients presented 
in Table  61,93,94. As part of a comprehensive nutritional 
assessment, the risk of delayed wound healing due to 
nutritional compromise should be accounted for; as discussed 
previously, this is a limiting factor for many studies identified 
as part of this review. Although all the presented guidelines 
agree that the current levels of evidence for the use of 
combined nutritional supplements (containing high protein, 
Arg +/– Gln, omega-3 fatty acids and micronutrients) remains 

low, their use is supported in surgical populations31,88 and for 
patients with greater than stage II or multiple pressure ulcers 
where nutritional requirements cannot be met with traditional 
ON support1,93,94. Findings from this review do not support 
changes to the current guidelines supporting nutrition and 
its role in wound healing reported in Table 6 and elsewhere 
in this discussion. Whilst not an exhaustive list of available 
guidelines, they are supported by peak nutrition and wound 
healing groups1,31,87,88,93,94. To ensure optimal wound healing 
in a clinical setting, following practice guidelines designed 
for relevant populations is a simple way to translate available 
evidence into the clinical setting until further large-scale, 
multi-centre, prospective nutrition intervention studies, 
including cost effectiveness outcomes, are available.

Conclusion
Nutrition is an integral component of best practice wound 
care. Despite the diversity of identified research over the past 
decade in this area, multiple nutritional strategies for various 
wound types are evolving. Current available guidelines 
provide broad consistency regarding macronutrient 
recommendations; however, evidence for other nutrient 
recommendations remains lacking, especially relating to 
optimal timing and dosage. Given the low cost in delivery 
of nutrition interventions compared to other complementary 
wound management strategies, such as surgical intervention 
and specialised wound dressings, this area warrants greater 
attention. Early nutrition screening and appropriate nutritional 
intervention for all wound types should be routine clinical 
practice.
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co-morbidities/ goals, symptoms
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