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Factors contributing to wound chronicity 
in diabetic foot ulceration

ABSTRACT
Wound chronicity in diabetic foot ulceration (DFU) presents a 
significant cost to the healthcare system and also increases 
the likelihood of infection and amputation. Factors such 
as dietary intake, smoking, vascular status and infection 
have been proposed as contributory factors for chronicity. 
However, there is limited quality evidence to demonstrate the 
contribution of these factors in delayed healing in DFU. The 
aims of this research protocol are therefore to assess factors 
contributing to healing outcomes and wound chronicity in 
people with DFU, and to measure dietary intake in patients 
with DFU in an Australian setting.

BACKGROUND
Diabetic foot ulceration (DFU) affects 56,000 Australians 
annually, with 70 Australians undergoing a diabetes-related 

amputation each week. Diabetes is the leading cause 
of non-traumatic lower limb amputation, with foot ulcer 
development preceding amputation in 85% of all lower limb 
amputation cases1. Recent estimates suggest that DFU 
and amputations cost the Australian healthcare system 
over $600 million annually2. A complex pathway leads to 
the development of a DFU, including the development of 
peripheral neuropathy (loss of sensation), peripheral arterial 
disease (PAD) (decreased circulation), and changes to foot 
shape due to the diabetes disease process3,4. This is further 
complicated by the increased risk of infection in patients 
with DFU5.

However, whilst the evidence is clear on the risk factors for 
the development of DFU6, and clinicians can screen and 
triage patient care appropriately in individuals at high risk of 
DFU, in relation to risk factors for wound chronicity in DFU 
the evidence is inconclusive. A number of factors have been 
proposed to increase the likelihood of chronicity in DFU 
such as infection, vascular supply and dietary intake (Figure 
1); however, there is currently a paucity of good quality, 
prospective research in this area. For example, a recent 
systematic review by Lefrancois et al.7 identified that there 
is currently inadequate or low-quality evidence on a number 
of factors which have been implicated in wound chronicity 
in DFU, including dietary intake, smoking, glycaemic 
control, vascular supply and infection. In particular, a lack 
of prospective studies investigating detriments to wound 
healing in DFU was noted. For example, once a patient has 
an established DFU, it is unclear who will become chronic, 
defined as >12 weeks' duration8. Chronic DFU patients are 
more likely to undergo amputation as they are more prone to 
infection and wound deterioration over time5. 

AIMS
In order to determine which factors are contributing most to 
delayed healing in patients with DFU, we need to conduct a 
prospective cross-sectional study that will measure all of the 
major factors implicated in wound chronicity in DFU (Figure 
1) and determine the effect each of these have on wound 
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healing time and outcomes, including amputation. Therefore 
the aims of our study are primarily to assess factors 
contributing to healing outcomes and wound chronicity in 
people with DFU and secondarily to measure dietary intake 
in patients with DFU in an Australian setting.

METHOD
Participants with diabetes (type 1 and 2) and current DFU 
attending a public health podiatry clinic will be included 
and will attend a single testing session. Exclusion criteria 
will include a contraindication for placement of the toe 
cuff around the hallux or second digit, previous bilateral 
mastectomy preventing brachial blood pressure examination, 
vasospastic disorders, an inability to adhere to the testing 
protocol, and/or an inability to give informed consent. During 
a 12-month period it is expected 144 participants will be 
recruited from across three sites (Hunter New England High 
Risk Foot Clinic, Wyong High Risk Foot Clinic and Gosford 
High Risk Foot Clinic), with 60 participants recruited to date.

In order to determine which factors are contributing to 
delayed healing outcomes, a number of variables will be 
measured. A current general medical history will be obtained 
from the participants’ general practitioner, including current 
medication, concurrent chronic disease status, overall 
general medical history and diabetes duration, type (1 or 
2), and current HbA1c levels. HbA1c levels are reflective of 
glycaemia over 2-3 months and are associated with wound 
healing rates in patients with diabetes. Higher HbA1c levels 
are associated with poorer healing outcomes – with each 

1.0% increase in HbA1c, a daily reduction in wound healing 
of 0.028 cm2 can be expected9. Demographic data, including 
age, gender and smoking status, will also be collected. 
Nicotine is a vasoconstrictor which reduces skin blood flow, 
resulting in localised tissue ischaemia and impaired healing 
capability10. Smoking has therefore been clinically associated 
with general delayed healing; however, extensive controlled 
studies are yet to be undertaken in DFU. This study will 
determine if – and to what level – smoking has an effect on 
healing outcomes in DFU.

Lower limb vascular assessment will include systolic toe 
pressure measurement along with a toe-brachial pressure 
index, both of which have been demonstrated as accurate 
indicators of PAD in patients with diabetes11,12. The presence 
of PAD and its negative impact on healing capacity is 
frequently underestimated, with the presence of ischaemia 
within a DFU not always obvious. That is, whilst purely 
ischaemic ulcers are readily identified by their characteristic 
appearance, symptoms and location, neuro-ischaemic DFUs 
can be more subtle in presentation13,14. This study will 
therefore aim to establish how much impact PAD has on 
healing outcomes in DFU.

An assessment of dietary intake will also be conducted 
by using the Australian Eating Survey (AES), a valid and 
reproducible method of quantifying dietary intake15 that 
assesses usual food and nutrient intake over the preceding 
3-6 months. Wound healing requires adequate dietary intake, 
with poor healing outcomes associated with deficiencies 
in nutrition16. Nutrition deficiencies can negatively impact 
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wound healing by prolonging the inflammatory phase, 
decreasing fibroblast proliferation, and altering collagen 
synthesis17. However, dietary intake in patients with DFU has 
not yet been determined in an Australian cohort. With such 
variation in regional dietary intake, it is important that this can 
be established.

Presence of infection will be determined by the International 
Working Group for the Diabetic Foot (IWGDF) guidelines 
for infection and will be collected by the treating podiatrist. 
Infection remains the most frequent diabetes complication 
requiring hospitalisation, and the most common precipitating 
event leading to lower extremity amputation18. This study 
will determine how much impact infection has on healing 
outcomes in DFU.

Self-reported physical activity levels will be determined using 
the International Physical Activity Questionnaire (IPAQ), a 
validated research tool to determine physical activity levels19. 
Weight-bearing activity influences the amount of mechanical 
trauma in the plantar surface of the foot, and is a contributor 
to DFU20. Presence of foot deformity will also be collected, 
along with offloading intervention type, and wound education 
will be given. Current guidelines recommend that patients 
with DFU reduce their weight-bearing activities, in addition to 
wearing an offloading device to assist with healing21.

Waist circumference will be determined using a tape measure, 
and weight and height measurements will also be taken to 
determine patients' body mass index. Obesity is associated 
with higher rates of post-operative wound infection, with 
reductions in tissue perfusion proposed as one contributing 
factor – adipose tissue is poorly vascularised and a reduction 
in collagen production is also frequently seen22. However, it 
is currently unclear how obesity impacts wound healing in 
patients with DFU.

Neurological assessment will be performed using a 
combination of two tests, including a four-site monofilament 
test and measurement of vibration perception threshold by 
a neurothesiometer at the hallux. Ascertaining neurological 
status will help inform the aetiology of the DFU.

Wound grade will be determined using University of Texas 
wound grade classification for DFU which involves assessing 
the size, depth and duration of the wound. Higher wound 
grades in chronic DFU are associated with higher rates of 
non-healing23. Follow-up with participants regarding their 
wound healing will be completed at regular intervals through 
a clinical note audit at 3 and 6 months after the initial 
assessment, where wound size will be compared to the initial 
wound measurement.

STATISTICAL ANALYSIS
To identify the relative contribution of each of these variables 
and their association with delayed wound healing, univariate 
analyses will be undertaken (Pearson’s product moment 
and Spearman’s Rho correlation coefficients) to identify 

significant associations with DFU chronicity, for example time 
to healing or amputation (major or minor). A Cox proportional 
hazards model will be used to determine the relative risks of 
increased time to healing, and minor and major amputation 
and variables identified as significantly associated in the 
univariate analysis. To quantify the dietary intake of people 
with DFU in an Australian setting, descriptive analysis will be 
undertaken. In addition, the role of dietary intake in chronicity 
of wound healing will be investigated via binomial regression 
analysis, with classification of the wound as normal (<12 
weeks to healing) or chronic (>12 weeks to healing). The 
model will use factors known to influence wound chronicity 
such as vascular and neurological status and dietary intake 
as predictor variables. The level of significance will be set at 
0.05 for all analyses.

RESULTS
A total of 60 participants have been recruited to the study so 
far. Some of the descriptive statistics from the initial phase of 

the project, the first 26 participants recruited from Wyong 
High Risk Foot Clinic, are presented in Table 1. The 
majority of participants were male (n=25, 96%) with type 2 

n 26

Age (years) 68.3 (42–84) SD=9.53

Male (n) 25 (96%)

Height (cm)
170.96 (106–185) 
SD=16.73

Weight (kg)
115.35 (78.9–178) 
SD=28.9

Waist (cm)
122.66 (96.5–151) 
SD=15.24

Mean DM duration (years) 24.52 (0.5–40) SD=10

Type 1 DM n (%) 2 (8%)

Type 2 DM n (%) 23 (92%)

Insulin therapy n (%) 18 (81%)

Currently smoking n (%) 2 (8%)

Intermittent claudication 
n (%)

9 (36%)

Mean toe pressure mmHg 83.31 (28–180) SD=36

Retinopathy n (%) 10 (40%)

Nephropathy n (%) 11 (44%)

Neuropathy N (%) 18 (72%)

Table 1: Participant characteristics
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diabetes (n=23, 92%) and with a mean diabetes duration 
of 24.52 years (SD=10). The majority of foot wounds were 
neuropathic (n=14, 61%) as presented in Table 2. A small 
number of participants were currently smoking (n=2, 8%). 
Microvascular complications such as neuropathy (n=18, 
73%), nephropathy (n=11, 44%), and retinopathy (n=10, 
40%) were frequent. Symptomatic PAD was reported in 
36% of participants (n=9). Diet quality was poor overall 
(Australian recommended food score mean 30.83, SD=9.43), 
with the intake of non-core (discretionary or ‘junk’) higher 
than recommended (37% of energy intake) and a lack in the 

Foot and wound characteristics n (%)

Amputation* 16 (61)

Charcot neuroarthropathy 3 (11)

Wound characteristics

Neuropathic foot ulcer 14 (53)

Mixed (neuro-ischaemic) 8 (30)

Ischemic 4 (15)

Mean duration (days)
210 (21-732) 
SD=182

University of Texas Wound Grade n (%)

0 2 (7)

1 20 (76)

2 2 (7)

3 2 (7)

University of Texas Wound Stage n (%)

A 20 (76)

B 2 (7)

C 4 (15)

D 0 (0)

IWGDF Infection Grade n (%)

1 21 (80)

2 3 (11)

3 2 (7)

4 0 (0)

Table 2: Foot and wound characteristics

*any type (major lower limb or minor lower limb)

IWGDF – International Working Group for the Diabetic Foot

variety in core foods (healthful foods). There were higher than 
recommended levels of proportion of energy derived from 
saturated fat (mean 14.2%) which may have cardiovascular 
implications. Participants demonstrated adequate levels 
of protein (19.6% proportion of energy intake) and zinc 
(15.7  mg/day) which is essential to wound healing. Mean 
levels of vitamin A (1281 µg/day) and vitamin C (150 mg/day) 
were inadequate, both which may have a negative impact on 
healing outcomes.

DISCUSSION AND CONCLUSION
On completion, this prospective study will help quantify the 
relative contribution of factors involved in the presence of 
wound chronicity in patients with DFU, including providing 
preliminary data on the role of nutritional intake. Through 
identifying key risk factors for DFU chronicity more targeted 
research on risk factor assessment and modification will be 
possible. Furthermore, results from this research will help 
guide clinicians' assessment and management of patients 
with chronic DFU and, consequently, direct resources to 
address underlying contributors of wound chronicity in DFU 
patients. This will in turn reduce the number of preventable 
amputations in patients with DFU which is currently at a 
higher rate in Australia than other developed countries.
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donates nitric oxide into wounds. The protocol will be used 
to provide proof-of-concept data for the potential use of GTN 
for the treatment of venous leg ulcers.

Finally, a review of age-related skin tears is provided by 
Rayner and colleagues and a new definition for skin tears 
is proposed based on the authors findings and a review 
of the literature. When taken individually, all these studies 
may seem like small steps in a marathon where the finish 
line is a long way off. However together these studies help 

Professor Allison J Cowin
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to build our knowledge and develop new approaches, new 
protocols and new definitions for complex wound problems 
that will ultimately help our understanding and develop new 
treatments for patients with hard to heal wounds.

Editorial continued from page 108


