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Abstract 

Aim: 

This study aimed to validate the relationships between possible predictive factors and clinically 

diagnosed infection in adult patients with chronic leg ulcers. 

Methods: 

This study used a sample of 636 adult participants whose ulcers were diagnosed as either 

venous, arterial or mixed aetiology leg ulcers and had no clinical signs of infection at 

recruitment. Data were extracted from recruitment to 12 weeks from six longitudinal 

prospective studies from 2008 to 2015. Survival analysis was used to investigate mean time-

to-infection, including the Kaplan-Meier method and the Cox proportional-hazards regression 

model. 

Results: 

The sample included 74.7% venous, 19.6% mixed and 5.7% arterial leg ulcers. There were 101 

(15.9%) participants diagnosed with infection at least once within 12 weeks of follow-up. 

Mean time-to-infection was 10.89 weeks (95%CI= 10.66 - 11.12). After adjustment for 

potential confounders, a Cox proportional hazards regression model found that depression, 

using walking aids, calf ankle ratio <1.3, wound area ≥ 10 cm2 and ulcers with slough tissue at 

recruitment were significant risk factors for wound infection. 

Conclusion: 

This study has validated the predictive ability of factors which have been found in a cross-

sectional study to be significantly associated with infection in patients with leg ulcers, 

including venous leg ulcers, arterial leg ulcers and mixed aetiology leg ulcers. Results showed 

that patients with chronic leg ulcers, who either presented with depression, used walking aids, 

had a calf ankle ratio <1.3, a wound area ≥ 10 cm2 or an ulcer with slough tissue, had greater 

likelihood of developing infection compared to those without these factors. 

What’s known 

There is evidence of significant relationships between some factors, such as wound with a 

duration ≥ 2 years or peripheral vascular disease and the likelihood of infection in chronic 

wounds. 
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A cross-sectional study has found seven factors, including depression, chronic pulmonary 

disease, taking anti-coagulants, calf-ankle circumference ratio <1.3, ulcers area ≥10 cm2, ulcers 

with slough tissue and ulcers with heavy exudate, associated with clinical diagnosed infection 

in chronic leg ulcers. 

What’s new 

Five patient-related factors were identified as predictors of the development of infection in 

patients with chronic leg ulcers including: depression, using walking aids, calf ankle 

circumference ratio <1.3, wound area ≥ 10 cm2 and ulcer with slough tissue. 
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Manuscript 

Introduction 
Almost 3.6% of people aged 65 and over are living with chronic leg ulcers.1 In the UK, three 

types of leg ulcers, including arterial, venous and mixed leg ulcers account for almost 14% of 

the annual prevalence of different wound types and consume significant wound care costs.2, 3 

In Australia, these chronic leg ulcers also play a significant role in healthcare costs.4 While a 

chronic leg ulcer is considered as a defect in the skin below the knee showing no positive signs 

of healing after four weeks of appropriate treatment,5 the severity of the ulceration and the 

actual healing time can be significant and influenced by many factors,6-8 such as psychological 

factors9 and ulcer-related factors.10, 11 Chronic wound infection was identified in 3% of patients, 

who presented to the Emergency Department, and required hospitalisation.12 Infection is 

identified as one of the most important contributors for delayed healing, wound complications, 

hospitalisation, increasing healthcare costs and resource consumption.13, 14 

Infection occurs when there is an imbalance between the host’s ability to defend and the 

bacteria’s ability to cause harm in the favour of the microbe.15-19 Many host-related factors can 

result in a decrease in the host’s ability to defend, including psychosocial factors, physical and 

local factors.20-22 In fact, much research has investigated risk factors associated with non-

wound-related infection23-25 and in surgical wounds.26-30 Numerous studies have investigated 

factors associated with diabetic foot ulcers,31, 32  and others types of chronic wounds such as 

pressure ulcers.33, 34 Recently, Dissemond and colleagues suggested a wound classification to 

identify wounds at risk of infection, in which authors explicitly discussed about the important 

roles of endogenous and exogenous factors in the development of wound infection.19 Although, 

little work has been done to identify risk factors associated with infection in chronic leg ulcers 

(e.g. chronic venous, arterial and mixed aetiology leg ulcers).35-38 the authors’ recent study has 

identified several factors associated with infection in chronic leg ulcers.39 However, this was a 

cross-sectional study which focused on only examining the relationships between possible risk 

factors and infection at one point in time, which, despite the limitations may assist in 

understanding the risk factors for chronic leg ulcer infection. In addition, current literature 

related to infection in chronic leg ulcers highlighted a need of not only identifying factors 

associated with leg ulcer infection but investigating more in-depth factors that may influence 
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the development of infection in these leg ulcers. Thus, this study aimed to extend knowledge 

of factors influencing development of infection. 

Methods 

Study design and setting 

This is a secondary analysis using a combined data set from a series of longitudinal observation 

studies. The aim of this study was to validate the previously identified risk factors’ ability to 

predict the likelihood of developing infection.39  

The research questions included: 

1. Did infection occur, and if so, what was the length of time after baseline when infection 

occurred in patients, who were not diagnosed with infection at recruitment to the study, but 

presented with the identified risk factors? 

2. Did any other additional risk factors exist that were associated with the development of 

infection in patients with chronic venous leg ulcers, chronic arterial leg ulcers and chronic 

mixed leg ulcers who were subsequently clinical diagnosed as infected? 

The sample included all adult patients who were diagnosed with either chronic venous leg 

ulcers, chronic arterial leg ulcers or mixed leg ulcers. Patients were from outpatient clinics or 

community settings who had been previously recruited for six longitudinal studies in Australia, 

from 2004 to 2015. 

Sample selection 

The sample for this study was extracted from six data sets from longitudinal studies. The 

aims of these studies included: (1) developing and validating a risk assessment tool for delayed 

healing in venous leg ulcers,40 (2) identifying the relationship between biochemical markers 

and wound healing in chronic venous leg ulcers treated with compression therapy, (3) 

determining effective care pathways for chronic wounds,41, 42 (4) evaluating wound healing 

outcomes in the Wound Healing Community Outreach Service, (5) investigating the effects of 

different levels of compression on biochemical changes and wound healing progress, and (6) 

investigating wound fluid characteristics in chronic wounds. Patients in these previous studies 

were recruited if they had an ulcer below the knee for more than 4 weeks, resided in the 

community, were able to understand English, able to attend either community-based clinics or 

outpatient clinics, or received community home nursing services. 



6 
 

Patients from previous studies were included in the current study if they: were 18 years 

or over, had at least one ulceration below the knee which had been present for more than 4 

weeks, had an ulceration primarily either arterial, venous or mixed, were not diagnosed with 

infection at recruitment and were followed up to week 12 in the contributing studies. Patients 

were excluded if they: had other types of ulceration than the three ulceration types mentioned 

above, had cognitive impairment or malignancy in the leg and were diagnosed with infection 

at recruitment. The total sample was 636 patients (See Figure 1). The data for this study 

included all follow-up data from recruitment to week twelve of the contributing studies. The 

sample for this study was completely separated from the sample from the previous cross-

sectional study conducted by our group39. In the previous study, all patients, including with and 

without being diagnosed with infection at recruitment were selected, and the analysis was 

focused on examine the relationships between factors and infection at recruitment only.39 The 

diagnosis of chronic leg ulcer infection in the previous studies was purely based on clinical 

signs and symptoms of infection as recommended in national and international guidelines at 

the time of recruitment.7, 22, 43-45 Wounds were clinically diagnosed as infected or non-infected 

by clinicians in charge, who were either medical practitioners, vascular physicians, nurse 

practitioners or registered nurses. These clinicians specialised in wound management and had 

extensive experience and expertise in wound care. 

Data collection 

On admission to the contributing studies, the following information was collected: 

sociodemographic factors (gender, age, living arrangement, marital status), medical history 

(comorbidities, medications, and vascular history), smoking status, and whether they required 

walking aids (walking aids referred to any types of devices patients reported using to help them 

moving around which included canes or sticks, wheelie walkers, wheelchairs and mobility 

scooters). With regards to patients’ comorbidities, such as depression, patients were asked if 

they had been diagnosed with depression (yes or no). Patients’ medical records were also 

retrieved to validate patient reported comorbidities and obtain any missing information. 

 Patients were also assessed for their ulcer and surrounding tissue characteristics, ulcer 

infection status including details of clinical signs of infection. Clinical diagnosis of infection 

was provided by either registered nurses, nurse practitioners, vascular physicians, or medical 

practitioners who had experience and expertise in wound care. The diagnosis of infection was 

based on their clinical experience and national and international guidelines recommended at 
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the time of recruitment.7, 22, 43-45 Other measurements at recruitment included: level of pain on 

a Numerical Pain Rating Scale ranging from 1 to 10, Ankle Brachial Pressure Index (ABPI) 

and Calf and Ankle Circumference ratio 

The follow-up data included: ulcer and surrounding ulcer characteristics, infection status, 

pain level and related treatment information (types of dressings and medications). Patients were 

followed either weekly or every two weeks. However, due to variation in the length of follow-

up between previous studies and missing data caused by participant loss to follow-up or 

participants who failed to attend the clinics, the data did not have the same number of 

participants at each week of completed data. Data for this study were only included up to week 

12 from baseline from the previously existing data. 

Statistical analysis 

Statistical analysis was performed using IBM SPSS Statistics 25. Descriptive analyses were 

performed for all variables to check frequencies on categorical variables and means, SDs or 

medians, and ranges for continuous variables. Survival analysis was used to identify the time-

to-infection in patients with chronic leg ulcers, including the Kaplan-Meier method.46 Specific 

risk factors for infection were assessed using the Cox regression proportional hazards model. 

Hazard ratios and 95% Confidence Intervals were calculated. It was hypothesised that the time-

to-infection would be shorter in patients with identified risk factors compared to those without 

identified risk factors.  

Time to event variable was coded as: Time zero was when participants entered the study – 

Baseline. Time-to-infection was measured from baseline to the week of being clinically 

diagnosed as infected for the first time. Censoring times were measured either from baseline to 

the week that the participant left the study (if they had not had an infection before that time) or 

at 12 weeks if infection did not occur. For those whose ulcer healed before the 12-week study 

period and infection did not occur before healing, the censoring time was entered as 12 weeks. 

Six assumptions for Kaplan Meier methods47 were checked and the data met all these six 

assumptions. Kaplan-Meier method was used for binary variables and Cox-Proportional 

Hazards Regression method was used for continuous variables.46 Chi-square Log Rank Test 

was then used to make the decision of whether there was a difference between the group of 

patients with identified factors and those without these factors, if Chi-square > 3.84, H0 was 

rejected, p-value ≤ 0.05 was the significance level.48 Cumulative Incidence Curves were 
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generated to show the cumulative probabilities of experiencing a clinically diagnosed infection 

event.  

All variables from the binary tests that had a p value < 0.1 were simultaneously entered in a 

Cox-proportional hazards regression model. Backwards stepwise (Wald) method was used to 

form the final parsimonious model, p value < 0.1 with the entry criteria and p-value <0.1 as the 

removal criteria. 

The ethics application for this study was approved by Queensland University of Technology’s 

Human Research Ethics Committee ID number 1500001146. 

Results  

Characteristics of the study sample 

A total of 636 patient cases were eligible for analysis with 50% males and a mean age ± SD of 

71.1 ± 14.35 years at admission. One third of patients were younger than 65 years old and 35% 

used some type of mobility aid to assist their mobility (Table 1). Almost 16% patients were 

diagnosed with infection at least once within the 12-week period (Table 2). 

The probability for patients to survive for 12 weeks from recruitment was 0.79. Overall, mean 

survival time ± SD was 10.88 ± .12 weeks, 95%CI = 10.66 - 11.11.  

Bivariate tests  

The data were first tested for the difference in time-to-infection in the sample participants with 

and without individual factors including: demographic factors, medical conditions, 

medications, and ulcer characteristics. Fourteen specific variables from the list above were 

assessed using Kaplan-Meier and Cox-regression. Four factors, using walking aids, calf ankle 

ratio <1.3, ulcer area ≥ 10 cm2 and ulcer with slough tissue were identified as risk factors for 

infection (p<0.05) (Table 3).  

Cox-proportional hazards regression model 

In the bivariate tests, eight factors had p<0.1, however, as being diagnosed with diabetes 

and taking diabetic medications were highly correlated, only a diagnosis of diabetics was 

entered in the model. Thus, seven factors with p<0.1 from bivariate tests were initially entered 

to the Cox regression model, including gender, depression, diabetes, using walking aids, calf 

ankle ratio <1.3, ulcer area ≥ 10 cm2 and slough ulcer bed tissue. There were 77 cases with 

missing values, thus the total sample for the Cox regression model was 559 cases. The final 
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model (n=559) was significant p <0.001, Chi-square = 59.7 and consisted of five factors, 

including depression, using walking aids, calf ankle ratio <1.3, ulcer area ≥ 10 cm2 and ulcers 

with slough tissue (see Table 4). For example, in the unadjusted Kaplan-Meier analysis, the 

mean time-to-infection in patients with calf-ankle circumference (CAC) ratio <1.3 was 10.92 

weeks compared to 8.87 weeks in those with CAC ratio ≥ 1.3 (log rank test p = 0.006). In the 

multi-variable model, the result remained statistically significant with an adjusted hazard ratio 

of 2.69 (p = 0.008, 95% CI = 1.29 - 5.58) and the probability of being without an infection at 

12 weeks was 0.67 for those with CAC < 1.3 and 0.83 for those with CAC ≥ 1.3 (see Figure 

2). 

 

Discussion 
The early recognition of patients at risk of developing infection in chronic wounds can 

enable timely and appropriate management and therefore improved patient outcomes and 

minimised infection-related costs in wound care. While evidence-based care is recommended 

for all patients with chronic wounds, identifying patients at high risk of infection is essential to 

enhance optimal practice as the strategies in wound management for these patients may differ 

from those without high risk factors.19, 22 

A previous cross-sectional study identified depression, calf ankle ratio <1.3, ulcer area ≥ 10 

cm2 and ulcer with slough tissue as risk factors associated with clinically diagnosed infection 

in patients with either arterial, venous or mixed leg ulcers39. These findings were confirmed by 

the current study. 

Depression has been recognised as a risk factor for numerous types of infection. In a 

prospective population-based study Anderson and colleagues23 found depression was 

associated with different types of infection, such as sepsis infection and skin infection. Patients 

with depression had a higher risk of developing wound infection after undergoing 

cardiothoracic surgery.24 The significant relationship between depression and healing of 

chronic wounds was also noted previously.9 While infection is one factor for delayed healing, 

the role and mechanism of depression on infection in chronic wounds is yet to be thoroughly 

investigated. The authors’ previous study established a relationship between depression and 

infection in chronic leg ulcers in a cross-sectional analysis.39 The current finding supports a 

greater understanding on how depression may increase the likelihood of developing infection 

in adults with leg ulcers compared to those without depression. 
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Despite being regarded as endogenous risk factors for wound infection, diabetes mellitus19,37 

and advanced age19 were not found to be risk factors for infection in this group of patients. 

Calf-ankle circumference ratio < 1.3 was found to be a risk factor for infection in this sample. 

A decrease in the function of the calf muscle pump was found related to severity of the venous 

leg ulcer in an early study of Araki et al..6 The calf-ankle circumference ratio indicates the 

severity of the calf muscle pump impairment11, which was previously found to be significantly 

related to delayed healing in venous leg ulcers.10 This finding supports evidence suggesting 

that a significant calf muscle pump dysfunction increases the risk of infection in patients with 

chronic leg ulcers.39 

This study found ulcer area ≥ 10cm2 and ulcers with slough tissue were two other predictors of 

infection, confirming the findings from previous studies.34, 39 This finding further corroborates 

the ideas of Dissemond at al.,19 who suggested that on a scale of > 3 points, for a wound to be 

considered at risk of infection, wounds with dimension > 10 cm2 should be scored one. Slough 

is described as a non-viable tissue which contains proteinaceous tissue, fibrin, neutrophils and 

bacteria49, 50 and is suggested to be related to biofilm.50 However, the impact of biofilm on the 

healing process in chronic wounds is yet to be understood.  

Importantly, using walking aids to mobilise was identified as another risk for infection in 

patients with chronic leg ulcers. Decreased mobility has been shown to be associated with 

urinary tract infection25 and wound infection in postoperative patients29, 30. Reduced mobility 

was also found significantly associated with delayed healing8, however, such association has 

not previously been investigated or found in relation to infection in patients with leg ulcers. 

This is the first study to find patients who used walking aids to mobilise were more likely to 

develop infection than those mobilising independently. This important finding suggests further 

well-designed research to gain a better understanding in this area. 

These findings will assist clinicians to actively tailor management strategies when patients are 

recognised as at high risk of developing infection and can be used to better inform patients 

about their treatment and to be more aware about their prognosis. Also, it highlights the 

importance of a collaborative approach between health professions in managing patients with 

chronic wounds, suggesting greater connections and/or communication channels among all 

healthcare professionals is essential to successfully heal chronic leg ulcers. Further research 

targeting patients at high risk of infection should be conducted to extend current knowledge 

and improve patient outcomes. 
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One of the study limitations was the diagnosis of infection was made clinically by clinicians. 

However, the diagnoses made by the medical doctors and nurse practitioners who had many 

years’ experience in wound care and were experts in the area. 

Conclusion 
This study has validated the predictive ability of five factors which have been previously found 

to be significantly associated with chronic leg ulcer infection. These factors included 

depression, using walking aids to mobilise, having a calf-ankle circumference ration < 1.3, 

ulcer area ≥ 10cm2 and ulcer with slough tissue. Patients with chronic leg ulcer, who had these 

risk factors, had a greater risk of developing infection. 
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Figure 1: Sample selection 
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Table 1: Characteristics of study sample (N = 636) 
Characteristics N (%) 

Gender 

Male 

Female 

 

318 (50.0%) 

318 (50.0%) 

Age 

<65 years 

≥ 65 years 

 

181 (28.5) 

455 (71.5%) 

Age, mean ± SD 71.1 ± 14.35 

Live alone 208 (32.7%) 

Walking aids 220 (34.6%) 

Smoker 57 (9.0%) 

Depression 50 (7.9%) 

Diabetics 115 (18.1%) 

Chronic Pulmonary Disease 91 (14.4%) 
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Table 2: Ulcer characteristics 

Characteristics at recruitment N (%) 

Type of ulcer 

Venous 

Arterial 

 Mixed 

 

475 (74.7%) 

36 (5.7%) 

125 (19.7%) 

Ulcer duration  ≥ 24 weeks 273 (44.2%) 

Ulcer Area ≥ 10cm2 118 (18.8%) 

Tissue type 

Epithelial 

Granulation 

Slough 

Necrotic 

 

149 (23.8%) 

301 (48.1%) 

169 (27.0%) 

7 (1.1%) 

Level of exudate 

Small  

Moderate 

Heavy exudate 

 

161 (25.3%) 

256 (40.3%) 

209 (33.4%) 

Clinically diagnosed infection at least once within 12 weeks 101 (15.9%) 

Calf Ankle Circumference Ratio <1.3 23 (4.0%) 
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Table 3: Mean time-to-infection according to demographic, medical and ulcer factors 

Demographic and medical 

characteristics 

Mean time-to-

infection (weeks) 

95%CI Log-rank 

test 

p-value 

Age ≥ 65 years old 

No 

Yes 

 

11.15 

10.78 

 

10.76-11.53 

10.50-11.05 

 

 

.67 

 

 

.411 

Gender 

Male 

Female 

 

11.11 

10.67 

 

10.81-11.39 

10.31-11.01 

 

 

3.68 

 

 

.055 

Using walking aids 

No 

Yes 

 

11.28 

10.13 

 

11.05-11.51 

9.65-10.61 

 

 

20.91 

 

 

<.001 

Smoker 

No 

Yes 

 

10.85 

10.98 

 

10.61-11.09 

10.63-11.75 

 

 

1.034 

 

 

.309 

Live alone 

No 

Yes 

 

10.98 

10.64 

 

10.72-11.25 

10.21-11.07 

 

 

1.871 

 

 

.171 

CPD  

No 

Yes 

 

10.93 

10.55 

 

10.69-11.17 

9.87-11.24 

 

 

2.360 

 

 

.124 

Depression 

No 

Yes 

 

10.94 

10.22 

 

10.71-11.17 

10.22-9.18 

 

 

2.92 

 

 

.088 
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Demographic and medical 

characteristics 

Mean time-to-

infection (weeks) 

95%CI Log-rank 

test 

p-value 

Diabetes 

No 

Yes 

 

10.79 

11.29 

 

10.53-11.05 

10.87-11.69 

 

 

3.31 

 

 

.069 

Taking diabetic drugs 

No 

Yes 

 

10.79 

11.53 

 

10.54-11.04 

11.17-11.89 

 

 

3.53 

 

 

.060 

Taking anticoagulant drugs 

No 

Yes 

 

10.92 

10.83 

 

10.64-11.24 

10.49-11.16 

 

 

.818 

 

 

.366 

Calf-Ankle ratio < 1.3 

No 

Yes 

 

10.92 

8.87 

 

10.68-11.16 

7.06-10.67 

 

 

7.59 

 

 

.006 

Ulcer area ≥ 10 cm2 

No 

Yes 

 

11.12 

9.81 

 

10.89-11.34 

9.11-10.51 

 

 

22.04 

 

 

<.001 

Ulcer Duration > 24 weeks 

No 

Yes 

 

10.86 

10.84 

 

10.54-11.17 

10.62-11.08 

 

 

673 

 

 

.412 

Slough tissue 

No 

Yes 

 

11.29 

10.15 

 

10.89-11.37 

9.59-10.69 

 

 

18.12 

 

 

<.001 

Heavy exudate     
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Demographic and medical 

characteristics 

Mean time-to-

infection (weeks) 

95%CI Log-rank 

test 

p-value 

No 

Yes 

10.90 

10.87 

10.63-11.18 

10.40-11.21 

 

.079 

 

.779 

CPD=Chronis Pulmonary Disease, CI=Confidence Interval 
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Table 4: Incidence rate of infection - Unadjusted Cox regression model (N = 559) 
Factor Coefficient HR 95%CI P-value 

Using walking aids .72 2.06 1.36 - 3.10 .001 

Depression .58 1.79 .97 - 3.28 .062 

Calf Ankle Ratio < 1.3 .99 2.69 1.29 - 5.58 .008 

Ulcer area ≥10cm2 .93 2.54 1.64 - 3.93 <.001 

Slough tissue .50 1.66 1.09 - 2.52 .019 

HR = Hazard Ratio, CI = Confidence Interval 
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Figure 2: Kaplan-Meier survival plots of patients with calf-ankle circumference (CAC) ratio 
<1.3 compared with patients with CAC ratio ≥1.3 adjusted for four other factors (using walking 
aids, depression, ulcer ≥ 10cm2, and ulcers with slough tissue) 
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