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1 | INTRODUCTION

Nurses play a key role in assessing and managing patients with
venous leg ulcers (VLUs); however, clinical management of VLU is

variable (Weller, Ademi, Makarounas-Kirchmann, & Stoelwinder,

| Simone J Gibson®

Abstract

Aims: To identify the associations and effects of nutritional characteristics and
interventions on ulcer outcomes in adult patients with venous leg ulcers.
Background: Venous leg ulcers are the most prevalent type of lower limb ulcer;
however, little evidence exists regarding the relationship between nutritional status
and ulcer healing.

Design: A systematic search of English language articles was conducted using the
Cochrane Collaboration Handbook for Systematic Reviews of Interventions.

Data sources: A search of databases Ovid MEDLINE, EMBASE, Cochrane, CINAHL
and Scopus was performed for studies published between January 2004 - May
2017.

Review methods: Quality of the included studies was assessed using the Cochrane
Collaboration’s Risk of Bias Assessment tool and the relevant Joanna Briggs Institute
quality appraisal checklists.

Results: Twenty studies met the inclusion criteria. All participants had Clinical Aeti-
ology Anatomy Pathophysiology classification C5 (healed) or Cé (active) ulcers. Stud-
ies were conducted in a range of clinical settings with relatively small sample sizes.
The majority of patients were overweight or obese. Increased body mass index was
associated with delayed wound healing. Vitamin D, folic acid and flavonoids were
associated with some beneficial effects on ulcer healing. Dietary intakes of omega-3
fatty acids, vitamin C and zinc were low for some patients.

Conclusion: Current evidence suggests that venous leg ulcer patients are more
likely to be overweight or obese. However, evidence for weight management
improving wound healing is lacking. Micronutrients, including vitamin D and folic
acid, may improve wound healing in at-risk patients.

KEYWORDS
body mass index, healing, literature review, malnutrition, nursing, nutrition, obesity,

supplement, systematic review, venous leg ulcer

2012; Weller & Evans, 2012). Nurses provide a range of care modali-
ties including wound dressing, compression therapy, medications and
coordinating other health professional involvement. Diet and lifestyle
advice is also an aspect of care that nurses reinforce; however, evi-
dence regarding optimal nutritional management is scant.
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1.1 | Background

VLUs are the most common type of ulceration in the lower legs. The
overall prevalence of VLU is between 1.65-1.74%. Higher prevalence
rates are reported among the elderly population (Australian Wound
Management Association 2011, Markova & Mostow, 2012, Ulcer
and Wound Management Expert Group 2012). Treatment of patients
with VLU in the United States is estimated at greater than $2.5 bil-
lion per year (Simka & Majewski, 2003). The average cost of treating
an ulcer varied between €814 and €1994 in the United Kingdom
(Ashby et al., 2014; Ragnarson Tennvall & Hjelmgren, 2005). This
translated to AUD$3 billion per year for the 400000 Australians
treated for this condition in 2010 (Australian Wound Management
Association 2011).

Venous leg ulceration is chronic (Markova & Mostow, 2012), impact-
ing on patients in terms of not only health but quality of life, and is a sig-
nificant financial burden (Gottrup, Apelqvist, & Price, 2010). It is
estimated that VLU prevalence will increase with the ageing population,
further compromising the health and well-being of patients with this
chronic condition (Posnett & Franks, 2008). Complications associated
with VLU include delayed healing, infections, recurrence and limited
mobility (Wellborn & Moceri, 2014). The psychosocial repercussions
include reduced capacity for work (Abbade, Lastoria, De Almeida Rollo,
& Stolf, 2005), depression, sleep disturbances and inconveniences asso-
ciated with day-to-day living activities (Wellborn & Moceri, 2014).

Venous disease ranges in severity. The CEAP (Clinical, Aetiology,
Anatomy and Pathophysiology) classification is a systematic guide where
ratings are classified on a spectrum of symptom severity from CO to Cé
(CO being no visible or palpable signs of venous disease and Cé indicat-
ing full-thickness active ulcer) (EKISf et al., 2004). VLUs are a result of
venous insufficiency, calf muscle pump failure and vascular valve incom-
petence leading to venous hypertension (Agale, 2013). This contrasts
with the factors involved in the development of pressure injuries (Bou-
ten, Oomens, Baaijens, & Bader, 2003) and arterial and neuropathic
ulcers (Agale, 2013). Some risk factors for VLU are unique to this lower
leg wound type and include previous blood clots, contraceptive use and
family history of venous disease (Vlajinac, Radak, Marinkovi¢, & Maksi-
movi¢, 2012). Nutrition recommendations for venous leg ulcers are lar-
gely based on evidence for other wound types and expert opinion and
focus on malnutrition and correcting deficiencies. Overweight and obe-
sity have been found to be independent risk factors for venous ulcera-
tion (Danielsson, Eklof, Grandinetti, & Kistner, 2002; Padberg et al.,
2003; Spentzouris & Labropoulos, 2009). Given the specific aetiology of
VLU and the complex presentation of this patient group, a targeted
approach to nutrition management is indicated.

2 | THE REVIEW

21 | Aims

We aimed to determine the associations and effects of nutrition

characteristics (including body mass index, malnutrition score, dietary

Why is this research or review needed?

e \enous leg ulcers are a major burden on patients, nurs-
ing staff and healthcare resources, and their prevalence
is expected to increase.

e Nutrition recommendations for venous leg ulcers are lar-
gely based on evidence for other wound types and
expert opinion.

e Current guidelines focus on malnutrition and correcting
deficiencies, and a summary of evidence specifically
related to nutrition and venous leg ulcers is required to
guide clinical practice.

What are the key findings?

e The majority of venous leg ulcer patients are overweight
or obese.

e Overweight and obesity is associated with delayed
venous leg ulcer healing.

e Micronutrients such as vitamin D, folic acid and omega 3

fats may play a role in venous leg ulcer healing.

How should the findings be used to influence
policy/practice/research/education?

e Nutritional recommendations should consider all aspects
of malnutrition, including overweight and obesity status,
as well as undernutrition in patients with venous leg
ulcers.

e Further research is required to investigate the effects of
achieving healthy weight status on venous leg ulcer heal-
ing in overweight and obese patients.

e Overall diet quality rather than individual nutrients may

play a role in venous leg ulcer healing.

intake and serum markers of nutrition) and interventions (supple-
mentation) on VLU outcomes as measured by wound size, healing
rate, time to healing, number of ulcers healed, recurrence rate and

complications in adult patients with VLU.

2.2 | Design

This systematic review follows the Cochrane Handbook for System-
atic Reviews of Interventions (Higgins & Green 2011) and is a
quantitative review of effects and associations of nutrition from
observational and interventional studies. The Preferred Reporting
Items for Systematic Reviews and Meta-analyses (PRISMA) frame-
work was used for identifying and screening studies and determin-
ing eligibility for inclusion (Moher, Liberati, Tetzlaff, & Altman,
2009).
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Additional studies
from reference lists

(N=4)

Records excluded after
screening (N = 5,423)
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Duplicates (N = 1,970)

Not target outcome (N = 2,978)
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Not target intervention

3 (N = 427)
Full text articles

Not target population (N =5
assessed for getpop ( )

eligibility (N = 54) Not a study (e.g. reviews or

commentaries) (N = 43)

Full text articles excluded

FIGURE 1 Search strategy for the
studies included in the current systematic
review (searched until 25th May 2017)

2.3 | Search methods

Databases Ovid MEDLINE, EMBASE, Cochrane, CINAHL and Scopus
were searched to identify relevant studies. The initial search was lim-
ited to studies published from January 2004 - November 2015. An
updated search on all five databases using the original search strategy
was conducted in May 2017. The complete search strategy (included
in the Supplementary Information) for all databases included key

» o«

terms, such as “venous ulcer,” “body weight,” “nutrition,” “supplement”
and “vitamin.” An academic librarian was consulted prior to conducting
the database search to maximize retrieval of relevant papers. A PICOS
framework criteria (Schardt, Adams, Owens, Keitz, & Fontelo, 2007)
were used to determine the eligibility for inclusion (Table S1). Original
research studies published in English language were considered for
inclusion in this review. Studies that measured nutritional status (in-
cluding body mass index (BMI) and serum nutrients) in VLU patients
and studies that investigated the effects and associations of a nutrition

intervention on wound outcomes were included (Table S1).

24 | Search outcome

The vyield of the combined database searches identified 5477 arti-
cles. References of included studies were hand searched for

\4
A

(N = 39)

Included studies Not target outcome (N = 5)

(N =20) Not target intervention (N = 8)

Not a study (N = 14)

Not English (N = 9)

Could not be obtained (N = 3)

additional studies, and a further four were identified as suitable for
inclusion. After deliberation by two review authors, 20 studies met

the inclusion criteria for the review (Figure 1).

2.5 | Quality appraisal

The quality of included studies was assessed independently by two
authors using the Cochrane Collaboration’s tool for assessing risk of
bias and the Joanna Briggs Institute (JBI) Critical Appraisal tools for
cohort, cross-sectional, case-control, case-series and quasi-experi-
mental studies (The Joanna Briggs Institute 2017, Higgins & Green
2011). Due to the heterogeneous research designs, a single quality
appraisal tool was not employed (Katrak, Bialocerkowski, Massy-
Westropp, Kumar, & Grimmer, 2004). The GRADE approach,
designed for evaluating evidence of guidelines based on randomized
control trials (Guyatt et al., 2008), was considered unsuitable for this
review given the majority of studies included were observational in
design with small sample sizes. Due to the small number of studies
meeting the inclusion criteria, none were excluded based on quality
assessment score. Instead, quality appraisal was conducted to assist
with identifying studies whose results should be carefully inter-
preted and to identify areas where more rigorous research is
needed.
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2.6 | Data abstraction

A data extraction table was developed to extract the key popula-
tion demographics, nutritional characteristics, such as BMI and mal-
nutrition, nutritional interventions and dietary intake, CEAP
classification and length of follow-up of included studies. Data from
the included studies were independently extracted by two authors
and then compared to maintain integrity and accuracy of result

reporting.

2.7 | Synthesis

Studies were tabulated based on whether they included an interven-
tion or were observational in design (Tables 1 & 2). All studies (inter-
ventional and observational together) were then reported based on
type of nutritional outcome measure. A modified Harvest plot (Ogil-
vie et al., 2008) of nutrition parameters (namely overweight and
obesity, underweight and malnutrition score, serum nutrients, sup-
plementations and protein deficiency) and their effect or association
with VLU outcomes was generated (Figure 2). The outcomes were

G

grouped as “worsens VLU outcomes,” “no effect on VLU outcomes”
and “improves VLU outcomes.” Obesity, overweight and malnutrition

were synthesized and tabulated (Table 3).

3 | RESULTS
3.1 | Description of studies

3.1.1 | Design

Twenty studies were included in the review (Tables 1 & 2). Five of
the included studies were cohort studies, of which three were
prospective (Hjerppe, Saarinen, Venermo, Huhtala, & Vaalasti, 2010;
Milic, Zivic, Bogdanovic, Karanovic, & Golubovic, 2009; Raffoul, Far,
Cayeux, & Berger, 2006) and two retrospective (Krejner, Litwiniuk, &
Grzela, 2016; Labropoulos, Wang, Lanier, & Khan, 2012). One study
employed a case-series design (Apollonio et al., 2016). Eight studies
were cross-sectional (Abbade, Lastoria, & Rollo Hde, 2011; Abbade
et al., 2005; Burkievcz et al., 2012; Finlayson, Edwards, & Courtney,
2009; McDaniel, Kemmner, & Rusnak, 2015; Tobon, Whitney, & Jar-
rett, 2008; Vines, Gemayel, & Christenson, 2013; Wojcik, Atkins, &
Mager, 2011). Three were case—control studies (Durmazlar, Akgul, &
Eskioglu, 2009; Legendre et al., 2008; Szewczyk et al., 2008) and
three were quasi-experimental studies (Burkiewicz et al., 2012; De
Franciscis et al., 2015; Serra et al., 2016).

3.1.2 | Length of follow-up

The length of follow-up of the four intervention studies ranged from
28 days to 12 months (Burkiewicz et al., 2012; De Franciscis et al.,
2015; Raffoul et al., 2006; Serra et al., 2016). The follow-up period
for the remaining studies ranged from data collected at a single time

point to 7 years.

3.1.3 | Participants and settings

All participants had ulcers classified by the CEAP classification as C5
or Cé. Six studies reported patient comorbidities, which included dia-
betes mellitus, arterial hypertension, chronic heart failure and cardio-
vascular disease (Abbade et al., 2005, 2011; Apollonio et al., 2016;
Legendre et al,, 2008; McDaniel et al., 2015; Wojcik et al., 2011).
Sample sizes of included studies were generally small with a median
size of 84, ranging from 2 to 639. Despite several studies having lar-
ger participant numbers, low-level CEAP classifications of venous
disease or ulcers of mixed aetiology were included (Apollonio et al.,
2016; Durmazlar et al., 2009; Raffoul et al., 2006; Vines et al., 2013;
Woijcik et al, 2011). Only a subset of these participants met the
inclusion criteria (Table 1).

Ten studies were located in Europe (Milic et al., 2009) (Apollonio
et al,, 2016; De Franciscis et al., 2015; Hjerppe et al., 2010; Krejner
et al,, 2016; Legendre et al., 2008; Raffoul et al., 2006; Serra et al.,
2016; Szewczyk et al., 2008; Vines et al., 2013), one in Turkey (Dur-
mazlar et al., 2009), four in South America (Abbade et al., 2005,
2011; Burkievcz et al., 2012; Burkiewicz et al., 2012), one in Aus-
tralia (Finlayson et al., 2009) and four in North America (Labropoulos
et al.,, 2012; McDaniel et al., 2015; Tobon et al., 2008; Wojcik et al.,
2011).

There was a wide variety of healthcare settings, the most com-
mon being outpatient clinics (Abbade et al., 2005, 2011; Burkievcz
et al., 2012; Burkiewicz et al., 2012; Hjerppe et al., 2010; Tobon
et al., 2008). Three studies were set in hospitals (Durmazlar et al.,
2009; Raffoul et al., 2006; Vines et al., 2013). One study each was
set in research centres (McDaniel et al., 2015), clinical centres (Serra
et al., 2016), medical colleges (Szewczyk et al., 2008) and supportive
living programmes (Wojcik et al., 2011). Three studies involved
mixed settings of hospitals and clinics (Apollonio et al., 2016; Fin-
layson et al., 2009; Legendre et al., 2008). Four studies did not spec-
ify study setting (De Franciscis et al., 2015; Krejner et al., 2016;
Labropoulos et al., 2012; Milic et al., 2009).

3.1.4 | Quality assessment

Results of the Cochrane and JBI quality appraisals tools can be
found in the Supplementary Information. For the Cochrane risk of
bias assessment, most studies only satisfactorily met criteria for the
incomplete outcome data and selective reporting categories due to
their observational design. Of the four studies that contained an
intervention, three had employed quasi-experimental designs that
lacked randomization (Burkiewicz et al., 2012; De Franciscis et al.,
2015; Serra et al., 2016). Only two studies reported adequate alloca-
tion concealment (Burkiewicz et al., 2012; De Franciscis et al.,
2015). In one study, both patient and investigator were blinded to
the content of the intervention capsules (known only by the third
physician that matched the sample); however, blinding was broken
when patients receiving vitamin D required a second serum Vitamin
D measurement (Burkiewicz et al., 2012). In another study, patients

in the control group did not receive a placebo capsule, but
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Parameter Worsens VLU outcomes No effect on VLU Improves VLU
explored in (delayed healing, increased outcomes outcomes (increased
study VLU size, complications rate of healing)
and recurrence)
Overweight
and obesity + +
Hije Abb

Malnutriton or

(serum levels
and/or
supplement-
ation

BMI<20 +

Fin
Serum
Vitamin C .
Vitamin D

Kre

Serum
Vitamin A

Flavonoid
nutraceutical

Folate
supplement-
ation

Serum albumin

Protein
deficiency

Height of bar indicates study design and causality of findings

High = interventional

Low = observational

Reporting of statistics:

I:I p > 0.1 or statistical values not reported

Risk of bias assessment

++ Low risk of bias (addressed all JBI and Cochrane criteria)

+  Mixed/unclear risk of bias (addressed >75% JBI criteria if observational,

and >75% JBI and Cochrane together if interventional)

—  High risk of bias (addressed <75% JBI if observational and <75% JBI and
Cochrane together if interventional)

FIGURE 2 Harvest Plot indicating
effect of nutritional parameters on VLU

healing
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TABLE 3 Distribution of body mass index (BMI) in adults with VLUs and wound outcomes

Underweight
(BMI <20)

19/122 (15.6%)
(Finlayson et al. 2009)
7/41 (17.1%)

VLU patients

Normal weight
(BMI 20-24.9)

29/122 (23.8%)
(Finlayson et al. 2009)
1/11 (9.1%) (McDaniel

Overweight (BMI 25-29.9)?

90/120 (75.0%) (Abbade et al. 2005)
26/90 (28.9%) (Abbade et al. 2011)
73/122 (59.8%) (Finlayson et al. 2009)

Obese (BMI >30)

37/90 (41.1%) (Abbade et al. 2011)
19/87 (21.8%) (De Franciscis
et al. 2015)

(Legendre et al. 2008) et al. 2015)

2/2 (100%) (Raffoul
et al. 2006)

Total

% delayed
VLU healing

Total

26/163 (16.0%) 32/135 (23.7%)

VLU recurrence  17/19 (89.5%) 17/29 (58.6%)

rate (Finlayson et al. 2009) (Finlayson et al. 2009)
Total 17/19 (89.5%) 17/29 (58.6%)
VLU 4/8 (50.0%)

complications (Legendre et al. 2008)

Total 4/8 (50.0%)

BMI, body mass index; VLU, venous leg ulcer.

1/11 (9.1%) (McDaniel et al. 2015)
47/83 (56.7%) (Serra et al. 2016)
4/8 (50.0%) (Tobon et al. 2008)
52/126 (41.3%) (Vines et al. 2013)

293/560 (52.3%)

16/21 (76.2%)
(Labropoulos et al. 2012)

16/21 (76.2%)

48/73 (65.8%)
(Finlayson et al. 2009)

48/73 (65.8%)

15/41 (36.6%) (Legendre et al. 2008)
9/11 (81.8%) (McDaniel et al. 2015)
21/83 (25.3%) (Serra et al. 2016)
4/8 (50.0%) (Tobon et al. 2008)
55/126 (43.7%) (Vines et al. 2013)
220/639 (34.5%) (Apollonio

et al. 2016)

380/1085 (35.0%)
22/33 (66.6%) (Milic et al. 2009)

22/33 (66.6%)

?For studies that only stated % BMI>25, all participants were included as “overweight.” Only studies that specified number of patients with BMI>30

were categorized as “obese.”

physicians measuring clinical responses during the study were
blinded (De Franciscis et al.,, 2015). Most studies reported partici-
pants that were somewhat to truly representative of the exposed
cohort. All studies reported outcomes as described in the methods
sections of their papers with no apparent selective reporting.

These three quasi-experimental studies failed to meet all nine cri-
teria in the JBI quality assessment, due to lack of comparative treat-
ment, failure to report loss to follow-up and inappropriate statistical
analysis (Burkiewicz et al., 2012; De Franciscis et al., 2015; Serra
et al., 2016). The fourth interventional study in our review was a
prospective cohort trial with no control, which only met two of the
seven applicable JBI criteria for cohort studies (Raffoul et al., 2006).
All other observational studies, except three (Abbade et al., 2011;
Finlayson et al., 2009; Milic et al., 2009), failed to meet one or more
JBI quality criterion for their specific study design, highlighting the
limited quality of studies in this research area. Length and adequacy
of follow-up was varied (Tables 1 and 2). Interpretations and conclu-
sions of the effects of the following interventions and investigations

should be drawn against the background of these findings.

3.1.5 | Nutritional characteristics and interventions

Sixteen studies assessed risk factors including BMI (Abbade et al.,
2005, 2011; Apollonio et al., 2016; De Franciscis et al., 2015; Fin-
layson et al., 2009; Legendre et al., 2008; McDaniel et al., 2015;
Tobon et al., 2008; Vines et al., 2013; Wojcik et al., 2011), serum
markers (Burkievcz et al., 2012; Durmazlar et al., 2009; Krejner et al.,
2016; Legendre et al., 2008; McDaniel et al., 2015; Tobon et al.,

2008), malnutrition status (Finlayson et al., 2009; Legendre et al.,
2008; Szewczyk et al., 2008) and dietary intake (McDaniel et al.,
2015; Raffoul et al., 2006; Tobon et al., 2008). The interventions in
the included trials were two vitamin supplements (Burkiewicz et al.,
2012; De Franciscis et al., 2015), one flavonoid nutraceutical (Serra
et al., 2016) and one mixed nutritional support (Raffoul et al., 2006).
One study compared vitamin D supplementation with placebo in vita-
min D-deficient VLU patients (Burkiewicz et al., 2012). Another com-
pared the effect of basic treatment and folic acid against basic
treatment alone in VLU patients with hyperhomocysteinemia (De
Franciscis et al., 2015). One measured the effect of a flavonoid-based
nutraceutical on rate of ulcer healing (Serra et al., 2016). One study
monitored the effect of nutritional support (including oral nutrition
supplements, standardized meals, a multivitamin and ascorbic acid) on
two patients with VLU (Raffoul et al., 2006). Overall results are pre-

sented in a modified Harvest plot (Figure 2).

3.2 | Nutrition and VLU healing and recurrence

3.2.1 | Nutrition status

In eight of the 13 studies reporting weight status, the majority of
VLU patients were found to have a BMI >25 (Table 3) (Abbade
et al., 2005, 2011; Finlayson et al., 2009; McDaniel et al., 2015;
Serra et al., 2016; Tobon et al., 2008; Vines et al., 2013; Wojcik
et al., 2011). Of the seven studies that measured obesity exclusively,
prevalence ranged from 21.8-81.8% of participants (Abbade et al.,
2011; Apollonio et al.,, 2016; De Franciscis et al., 2015; Legendre
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et al., 2008; McDaniel et al., 2015; Tobon et al., 2008; Vines et al.,
2013). Overweight and obesity were found to be related to poor
healing of VLUs in three studies (Apollonio et al., 2016; Labropoulos
et al.,, 2012; Milic et al., 2009). One study found that there was no
significant difference in BMI between patients with ulcers that
healed and ulcers that did not heal within the study period (Hjerppe
et al., 2010).

One study identified that only four of 41 (17%) VLU patients were
at risk of malnutrition using BMI measurements (Legendre et al.,
2008). Two studies used the Mini Nutritional Assessment tool (MNA)
to assess undernutrition (Finlayson et al., 2009; Szewczyk et al.,
2008). One of these studies found that malnutrition risk was more
prevalent in outpatients with VLU than hospitalized adults with vascu-
lar disease (atherosclerosis or arterial hypertension), but no ulceration
(p < .05) (Szewczyk et al., 2008). Patients with C5 ulcers and at malnu-
trition risk had a higher rate of VLU recurrence than those not at risk
of malnutrition; however, the odds ratio was not significant when con-
trolling for other variables (Finlayson et al., 2009).

3.2.2 | Macro and micronutrients

Energy and protein

One study measuring dietary intake of eight overweight VLU outpa-
tients found self-reported intakes met estimated energy require-
ments (Tobon et al., 2008). Protein intake was adequate in one
study (McDaniel et al., 2015) and another found only one out of
eight patients with VLU had inadequate protein intake (meeting 87%
of recommendations) (Tobon et al., 2008).

One study defined protein deficiency as serum albumin <35 g/L
or pre-albumin as <180 mg/L, which was found in 27% of VLU
patients (Legendre et al., 2008). There was no significant difference
in serum pre-albumin in participants with VLU compared with con-
trols. Low albumin levels were associated with poor wound healing
(p =.013) and wound complications (p = .015) (Legendre et al.,
2008). Low albumin levels were identified in three of eight patients,
with no relationship with wound severity found in another study
(Tobon et al., 2008).

Vitamin C

Vitamin C intake was inadequate in four of eight patients with VLU in
one cross-sectional study (Tobon et al., 2008). This was corroborated
by another study that reported the average vitamin C intake for VLU
patients was inadequate at 60 mg/day (McDaniel et al., 2015).

One study found that serum Vitamin C levels were positively
correlated with wound severity (p = .04), as measured by the Leg
Ulcer Management Tool (LUMT), where a higher score indicates
greater level of wound severity (Tobon et al., 2008).

Vitamin A

Vitamin A intake met or exceeded the recommended daily intake (RDI)
in all VLU patients in one study (Tobon et al., 2008). Serum Vitamin A
levels were elevated in two of eight patients, showing an inverse rela-

tionship with wound severity (p = .01) (Tobon et al., 2008).

Vitamin D

In one study, 13 patients were supplemented with 50 000 IU/week
vitamin D resulting in a non-significant (p = .06) smaller median ulcer
area after 8 weeks compared with placebo at the end of the inter-
vention (Burkiewicz et al., 2012). Three studies investigating the
effect of vitamin D status found lower levels of serum vitamin D in
participants with VLU (Burkievcz et al., 2012; Burkiewicz et al.,
2012; Krejner et al., 2016), with significant differences between VLU
and control groups in two studies (p = .01 and p = .04) (Burkievcz
et al., 2012; Burkiewicz et al., 2012).

Zinc

Zinc intake was inadequate in three of eight patients in one study
(Tobon et al., 2008), but average intake was found to meet recom-
mended daily allowances in another study with 12 patients (McDa-
niel et al., 2015).

Omega-3 fats

Intake of omega-3 fatty acids, eicosapentaenoic acid (EPA) and
docosahexanoic acid (DHA) were found to be below recommended
levels (McDaniel et al., 2015). The plasma N6:N3 ratio of participants
with VLU was found to be excessive and almost threefold the opti-

mal ratio in one study with 12 participants (McDaniel et al., 2015).

Folic acid and homocysteinemia

One quasi-experimental study compared the effect of folic acid sup-
plementation in 54 VLU patients with hyperhomocysteinemia com-
pared with 33 VLU patients with normal serum homocysteine (De
Franciscis et al., 2015). Folic acid treatment decreased homocysteine
levels in those with both moderate and immediate hyperhomocys-
teinemia (p < .01), and a higher healing rate was seen in these patients
receiving folic acid (p < .05). An observational study found that homo-
cysteine was elevated in patients with VLU (p = .00) (Durmazlar et al.,
2009).

Haemoglobin

Haemoglobin levels of participants with VLU were measured in one
study, which found 29% participants were anaemic. This was signifi-
cantly different compared with 12% of controls (p < .049) (Legendre
et al., 2008). No measures of dietary intake of iron or protein were
used in this study, and thus, correlations between diet and haemo-

globin levels can only be inferred.

Overall diet

One study reported VLU patients had excessive sodium, saturated
fat and sugar intakes in conjunction with inadequate daily serves of
fruit and vegetables (McDaniel et al., 2015).

4 | DISCUSSION

It is difficult for nurses to provide sound nutritional advice to
patients with VLU given the complexity of their needs and limited
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evidence on the effectiveness of nutritional interventions on VLU
outcome. International medical and nursing VLU best practice guide-
lines lack specific nutritional recommendations or contain nutrition-
based strategies with low levels of evidence (Association for the
Advancement of Wound Care 2010, Australian Wound Management
Association 2011, Burrows et al., 2007; Haute Autorite de Sante
2006, Johnson, 2005; Registered Nurses Association of Ontario
2004, Robson et al., 2006; Scottish Intercollegiate Guidelines Net-
work, 2010). Nutritional recommendations in the guidelines are lar-
gely based on expert opinion with general advice to optimize
nutrition, prevent malnutrition (Australian Wound Management
Association 2011, Registered Nurses Association of Ontario 2004)
and manage specific nutritional deficiencies if present (Burrows
et al., 2007). The Australian Wound Management Guidelines addi-
tionally address adequate fluid intake and electrolytes to account for
wound exudate (Australian Wound Management Association 2011).
No guidelines specifically targeting nutrition for the VLU category
have been published and treatment should not be extrapolated from
guidelines for other wound types such as pressure injuries, which
have different aetiologies and risk factors (Bouten et al., 2003). Pre-
vious Cochrane systematic reviews have investigated the use of zinc
and flavonoids in VLU and found inconclusive evidence for supple-
mentation beyond rectifying deficiency states (Scallon, Bell-Syer
Sally, & Aziz, 2013; Wilkinson Ewan, 2014). The limited benefit of
these supplements is reported in multiple international guidelines
(Australian Wound Management Association 2011, Burrows et al.,
2007; Johnson, 2005; Scottish Intercollegiate Guidelines Network,
2010). A Cochrane systematic review investigating nutritional sup-
plementation for patients with pressure ulcers also found no clear
evidence suggesting its benefits (Langer, Knerr, Kuss, Behrens, &
Schlomer, 2003).

The nutrition focus of 10 of the 20 included studies was on
undernutrition and associated nutrient deficiencies (Burkievcz et al.,
2012; Burkiewicz et al., 2012; De Franciscis et al., 2015; Finlayson
et al., 2009; Krejner et al., 2016; Legendre et al., 2008; McDaniel
et al., 2015; Raffoul et al., 2006; Szewczyk et al., 2008; Tobon et al.,
2008). This emphasis is reflected in most best practice guidelines
(Australian Wound Management Association 2011, Burrows et al.,
2007; Haute Autorite De Sante, 2006, Registered Nurses Associa-
tion of Ontario 2004) although our review found recurrence and
complications of VLU were evident in all BMI categories, with a ten-
dency for recurrence in underweight patients.

Studies in this review suggest patients with VLU tend to be
overweight or obese (Abbade et al., 2011; Finlayson et al., 2009;
McDaniel et al., 2015; Tobon et al., 2008; Vines et al., 2013; Woj-
cik et al., 2011), which is also identified as a risk factor for delayed
VLU healing (Apollonio et al., 2016; Labropoulos et al., 2012; Milic
et al.,, 2009). Sarcopenic obesity requires targeted assessment (Van-
dewoude, Alish, Sauer, & Hegazi, 2012) and was not investigated
in any of the study groups. Patients who are overweight or obese
may be masking nutritional deficiencies impacting on VLU healing
and recurrence. Micronutrient deficiencies in the presence of obe-
sity are more likely to be linked to poor fruit and vegetable intake

rather than energy deficient diets (McDaniel et al., 2015). Further
investigation into the role of micronutrient deficiencies in wound
healing is needed (Arnold & Barbul, 2006). Zinc intake was found
to be below recommendations in a minority of VLU patients.
Whether deficiencies are of lifestyle, dietary or pathological origin
is unclear.

Other nutritional characteristics of VLU patients identified in our
study included low levels of serum vitamin D, vitamin C and zinc, as
well as hyperhomocysteinemia and fatty acid imbalances. Results
from one of the included studies showed poor intake of omega-3
fatty acids and that the plasma N6:N3 ratio of patients with VLU
was threefold the optimal ratio (McDaniel et al., 2015). This may not
be unique to VLU patients, as similar increased ratios are prevalent
in Western diets (Simopoulos, 2008). A lower N6:N3 ratio is more
desirable in reducing inflammation and chronic disease risk and
therefore may play a role in prevention of venous disease (Simopou-
los, 2008).

Body weight may play a role in ulcer healing. Obesity has been
linked to complications in other wound types, such as pressure inju-
ries and surgical wounds, as increased tissue pressure limits blood
supply to the wound site (Guo & Dipietro, 2010). A US study
reported increased BMI scores correlated with VLU severity (as mea-
sured by CEAP) (Padberg et al., 2003). These findings support the
results of this review: that increased BMI may correlate with
increased venous disease severity. Obesity-related systemic factors
may play a role in VLU development and healing; obesity has been
linked to a decreased immune response stemming from stress, anxi-
ety and depression (Guo & Dipietro, 2010). Reduction in body fat
may ameliorate the inflammatory state and improve immune func-
tion of obese patients (De Mello et al., 2008; Fontana, Eagon,
Colonna, & Klein, 2007).

Obesity may additionally be a risk factor for VLU secondary to
decreased mobility. In a vicious cycle with unknown cause-effect
relationships, pain may limit capacity for exercise and exacerbate
weight gain (Persoon et al., 2004). Pain also interferes with sleep
patterns, which is of concern given the consistency in research sur-
rounding disturbed sleep patterns and weight gain (Patel & Hu,
2008). Despite our results demonstrating that VLU patients tend to
be overweight or obese, most international clinical guidelines focus
on nutrition supplementation and there is little direction for manage-
ment of obesity in this patient group (Australian Wound Manage-
ment Association 2011, O’Donnell et al, 2014, Regmi & Regmi,
2012; Scottish Intercollegiate Guidelines Network, 2010). This can
create a dilemma for nurses and other healthcare professionals when
faced with obese VLU patients in the clinical setting — should priori-
ties lie with maximizing nutritional intake, should obesity be
addressed or how can both be achieved?

Although having Level A evidence, only one guideline incorpo-
rated consultation with a dietician into their recommendations (Bur-
rows et al.,, 2007). Consultation with dieticians may be particularly
beneficial as they are able to determine nutritional risk through mul-
tiple parameters beyond clinical measurements and can add exper-
tise to the collaborative wound care team.
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4.1 | Limitations

Limitations of this systematic review are that only English language
papers were included. Papers prior to 2004 may have contained
useful evidence; however, we compared our results to guidelines
and reviews containing pre-2004 research with no variation to our
findings. The majority of studies included in this review were
observational with small sample sizes. Risk of bias was unclear or
high in all studies; therefore, our results should be interpreted with
caution. Several studies used in this review included a larger num-
ber of patients with wounds of aetiologies other than venous,
which limited the use of results due to the inability to extract the
VLU data. Improvements in serum markers and dietary intake were
included as nutrition outcome measures, but may not reflect a cau-
sal relationship with wound healing and should be interpreted care-

fully.

5 | CONCLUSION

The role of nutritional deficiency coupled with obesity warrants
further investigation in VLU development and healing. As the effect
of individual nutrients on VLU outcomes is unclear, an overall
nutritionally adequate diet that corrects deficiencies and considers
overweight as well as underweight status is suggested. More high-
quality studies in this area are required, particularly those that
investigate the degree of overweight and obesity associated with
VLU or the effect of a nutritionally adequate “whole diet” approach
in conjunction with supervised weight loss. We acknowledge that
there are many barriers to VLU patients achieving a healthy weight,
including pain, limited mobility and established lifestyle habits and
that these factors may be difficult to modify. Nurses are at the
forefront of managing patients with VLUs. Exploring current prac-
tice in treating this population would add to the literature and
identify barriers for nutritional care and whether healthcare profes-
sionals are equipped to deal with the complexities of VLU manage-
ment in obesity. Investigating the effects of immunonutrition and
anti-inflammatory diets (as opposed to single nutrients) and lifestyle
may also aid understanding of treating this chronic disease (Chow
& Barbul, 2014; Kiecolt-Glaser, 2010). There is need for further
investigation into sarcopenic obesity using validated tools on
patients exclusively with VLU to determine clearly whether it is a
significant issue.
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