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ABSTRACT

Aims

To investigate factors independently associated with time-to-(being)-ulcer-free, time-varying
effects and predict adjusted ulcer-free probabilities, in a large prospective cohort with diabetes-

related foot ulcers (DFU) followed-up for 24 months.

Methods

Patients presenting with DFU(s) to 65 Diabetic Foot Services across Queensland, Australia,
between July-2011 and December-2017 were included. Demographic, comorbidity, limb, ulcer,
and treatment factors were captured at presentation. Patients were followed-up until ulcer-free
(all DFU(s) healed), amputation, death or two years. Factors associated with time-to-ulcer-free
were investigated using both Cox proportional hazards and flexible parametric survival models

to explore time-varying effects and plot predicted adjusted ulcer-free probability graphs.

Results

Of 4,709 included patients (median age 63 years, 69.5% male), median time-to-ulcer-free was
112 days (IQR:40->730), with 68.4% ulcer-free within two years. Factors independently
associated with longer time-to-ulcer-free were each year of age younger than 60 years, living
in a regional or remote area, smoking, neuropathy, peripheral artery disease (PAD), ulcer
size >1cm?, deep ulcer and mild infection (all p<0.05). Time-varying effects were found for
PAD and ulcer size limiting their association to six months only. Shorter time-to-ulcer-free was
associated with recent DFU treatment by a podiatrist and receiving knee-high offloading
treatment (both p<0.05). Predicted adjusted ulcer-free probability graphs reported largest

differences in time-to-ulcer-free over 24-months for geographical remoteness and PAD factors.

Conclusions
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Multiple factors predicted longer and shorter time-to-ulcer-free in people presenting with
DFUs. Considering these factors, their time-varying effects and adjusted ulcer-free probability

graphs, should aid the prediction of the likely time-to-(being)-ulcer-free for DFU patients.

Keywords
Cohort study; Cox proportional hazard model; diabetic foot; diabetes-related foot ulcer;

flexible parametric survival model; ulcer-free.
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1. Introduction

Each year an estimated 20 million people worldwide have diabetes-related foot ulcers (DFUs)
[1, 2]. Individual DFUs typically take months or years to heal, with around 50% becoming
infected [3, 4] and 20% of those requiring an amputation [4]. Thus, it is unsurprising that DFUs

are a leading global cause of hospitalisation [5], disability [1, 6], and healthcare costs [2, 7].

Multiple demographic, comorbidity, limb and ulcer factors have been found to be associated
with DFU healing, such as renal failure, peripheral artery disease (PAD) and infection [8-22].
These factors though have mostly been identified from studies investigating individual DFUs,
healed at a certain fixed point in time, typically three or 12 months, and from patients attending
major metropolitan tertiary centres [8, 10, 11, 13-21]. Yet, patients with DFUs often have
multiple ulcers [10, 17], can take much longer to heal than 12 months, attend diverse centres,
and are most interested in the estimated time it is likely to take until all their ulcers are healed
(being ‘ulcer-free’) [12, 23]. Thus, understanding how different factors may predict the time it
takes to become ulcer-free over longer periods in patients presenting with DFU(s) to diverse

centres is vital for improving future care and research.

In a brief published letter, we recently reported factors associated with being completely healed
(‘ulcer-free’) at three and 12 months from a large prospective cohort of people with DFU
attending diverse centres. We found multiple novel factors, such as a younger age group (18-
49 years) and living in a regional or remote area negatively associated with healing, and knee-
high offloading treatment positively associated with healing [24]. Further, we confirmed
factors found in other studies, such as PAD and ulcer size, but found these factors had
significantly different odds ratios for being healed at three and 12 months suggesting they may
have an increasingly time-limited association with healing [24]. However, the letter used a

binary outcome of healed at fixed points in time, logistic regression models and a maximum
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follow-up time of 12 months, which precluded improving our understanding of the vital

associations these factors may have on the time to being ulcer-free.

Thus, in this new analysis we aimed to investigate the factors independently associated with
the time-to-(being)-ulcer-free, using survival analysis models and exploring for any time-
varying effects, in the same prospective cohort with DFU, but this time followed-up for a much
longer period of 24 months. We also aimed to utilise the unique functionality that flexible
parametric survival models provide to plot novel adjusted ulcer-free probability graphs over
24 months for each identified factor to predict the likely independent association each factor

has on the time to becoming ulcer-free.

2. Subjects, Material, and Methods

2.1 Study design

This new analysis was from a prospective multi-site cohort study of patients with DFUs who
visited outpatient Diabetic Foot Service sites within Queensland, Australia [24]. Ethical
approval was obtained from the Human Research Ethics Committees of the Prince Charles
Hospital (HREC/15/QPCH/155) and Queensland University of Technology (1800000722).
Legal approvals were obtained from the Queensland Statewide Diabetes Clinical Network Data
Access committee, the Queensland Health Statistical Services Branch, and a Queensland
Public Health Act 2005 waiver of consent approval (RD007685) to use de-identified data for
this study. Results of this study are reported according to the Strengthening the Reporting of

Observational studies in Epidemiology (STROBE) statement (eTable 1) [25].

2.2 Settings
Patient information was directly collected from 65 outpatient Diabetic Foot Service sites within

15 of the 17 total Hospital and Health Service regions in the Australian state of Queensland.
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These sites ranged from small podiatry-only secondary centres in remote towns, to large multi-
disciplinary tertiary centres in major cities, but all were typically the main providers of ongoing
DFU care for their relevant catchment area. Queensland is the third largest Australian state in
terms of population with approximately 4.5 million residents, second largest in geographical
area and the most decentralised state, with a diverse demography, including a comparatively
large proportion of Aboriginal and Torres Strait Islander peoples, hereafter respectfully
referred to as Indigenous people (4.6% compared with 3.3% nationwide) [26]. The prevalence
of diabetes in Queensland is similar to the prevalence of diabetes in Australia (5.0% compared
with 5.3% nationwide) [27]. Thus, collectively these 65 Diabetic Foot Service sites provide
access to a large cohort of eligible patient participants with DFUs from a large and

representative region of Australia.

2.3 Participants

Eligible participants were patients with DFU(s) who presented for their first visit to one of the
sites between 1st July 2011 to 31st December 2017. A DFU was defined as a full thickness
wound below the ankle on a person with diabetes mellitus [28, 29]. Those who attended only
once and did not return were excluded. For any participant with multiple episodes of DFU,

only the earliest episode was included so that each participant was included only once.

During each visit to these services, every patient was directly clinically examined according to
a standard evidence-based protocol and had their examination data collected for research and
clinical benchmarking purposes by trained foot-related health professionals using the
Queensland High Risk Foot Form (QHRFF) [3, 30, 31]. The QHRFF aims to facilitate routine
ongoing clinical care and prospective data collection for research purposes [30, 31], in
alignment with international reporting standards for DFU [23, 28]. The QHRFF development
procedures, variable definitions, data collection procedures, training procedures and quality

checking procedures have been reported in detail elsewhere [3, 30, 31]. The QHRFF data



137

138

139

140

141

142

143

144

145

146

147

148

149

150

151

152

153

154

155

156

157

158

159

160

161

collection procedures were established for the primary purpose of prospective research and
clinical benchmarking for people with foot ulcers, and have been tested and shown to be valid

and reliable for the capture of more than 40 variables [30, 31].

2.4 Variables collected

All variables were obtained via self-report or direct clinical examination for each patient at
each visit using the aforementioned QHRFF data collection procedures [3, 24, 30]. Variables
were grouped into five domains of demographic, comorbidity, limb, ulcer and treatment-related
variables [3, 24, 30]. Table 1 displays the full descriptions of all variables used in this analysis
and defined in accordance with international reporting standards for DFU studies [23, 28].
Variables collected at the participant's first visit were used as the baseline characteristics, and
variables collected from subsequent visits were used to determine the outcome of interest
(being ulcer-free) [24]. If data were missing for a variable, data from the second visit were used
for that variable (if available), provided the second visit was within one month of the first visit.
For participants with multiple DFUs at baseline, the most severe score for each factor was used
for the applicable limb and ulcer variables and a combined ulcer size of all DFUs was

calculated (Table 1) [3, 30, 31].

2.5 Outcomes of interest

The outcome of interest in this analysis was time-to-ulcer-free of all DFUs in a participant.
Ulcer-free was defined as complete epithelialization of all DFU(s) (on both feet if present)
without amputation, death or recurrence within one month, and was obtained from the direct
examination of each participant at subsequent visits using the aforementioned QHRFF data
collection procedures [23, 28]. Participants were followed up until they were ulcer-free, or for
24 months, whichever came first. Any participant who did not experience the event of interest
(ulcer-free) was censored. Participants were considered censored if: 1. they had a lower-

extremity amputation before being ulcer-free, including minor amputation (defined as an
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amputation procedure below the ankle level) and major amputation (amputation above the
ankle level); 2. they died before being ulcer-free; 3. they ceased visiting the service before
being ulcer-free and were lost to follow-up; or 4. their ulcer(s) had not healed by the end of the
24 month period. The information on amputation was identified via standard 1CD-10-AM
amputation procedure codes (provided in Table 1) from linked Queensland Hospital Admitted
Patient Data Collection, which captures all hospitalisation procedures in public and private
hospitals in Queensland [32]. Time-to-ulcer-free was defined as the time in days between the
date of the participant’s first visit and the date of the first visit in which all DFUs healed (was
ulcer-free), while for censored participants time-to-censoring was defined as between the date

of first visit and the date censored.

2.6 Statistical analyses

All variables were initially analysed at a univariable level to determine those crudely associated
with time-to-ulcer-free using log-rank tests, Kaplan-Meier curves, and univariable Cox
proportional hazard regression models. A multivariable Cox proportional hazards model
(model 1) was then developed by entering all categorical and continuous variables that
achieved a p<0.1 on univariable analysis. The proportional hazards assumptions were checked
for the overall model and for each variable using Schoenfeld residuals. Variables that did not

meet the proportionality assumption had their time-varying effects explored in model 2.

A flexible parametric survival model (model 2) was then developed by including the same
variables as in model 1, plus time-varying coefficients for variables not meeting proportionality
assumptions. The advantages of using flexible parametric survival models are that they can
readily incorporate time-varying coefficients, model the hazard function smoothly, and also
enable prediction of outcomes of interest, such as the probability of being ulcer-free [33]. The
best model fit for model 2 was based on Akaike information criterion and Bayesian information

criterion, using the hazard scale with three interior knots together with two boundary knots for
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the overall model and no interior knots for time-varying coefficients. To improve model
flexibility, age was included as a continuous variable and transformed using restricted cubic
splines with two degrees of freedom. As time-to-ulcer-free was used as the outcome in the
analysis, a hazard ratio (HR) of >1 was associated with a shorter time-to-ulcer-free, while a
HR of <1 was associated with a longer time-to-ulcer-free. Model fit was checked using

martingale residuals and examining deviance.

Additionally, using the flexible parametric survival model, the probability to become ulcer-
free was predicted and plotted for each retained variable. The predicted ulcer-free probability
was adjusted for the other covariates, by predicting for each individual as if they had the
specific variable of interest (for example, being a smoker), as well as if they did not (for
example, not being a smoker), while keeping all other covariates the same. Predictions were
then averaged over all individuals to provide the overall adjusted predicted probability among

those with and without the variable of interest (for example smokers and non-smokers).

Missing data was handled in model 1 by using multiple imputation for variables with <25%
missing data and excluding variables with >25% missing data. However, as imputation is not
compatible with the software used for flexible parametric survival models, in model 2 missing
data was handled as follows to minimize bias: <10% missing data, the variable was used in
further analysis and the missing cases were dropped; 10-25% missing, an extra category for
missing data was created for the variable and used in further analysis; and >25% missing data,
the variable was excluded from further analysis. All analyses were performed using Stata/SE
version 16.1 (StataCorp, TX, USA), and the user-written Stata package stpm2 and

stpm2_standsurv [33] for the flexible parametric modelling and predictions.

10
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3. Results

3.1 Participant characteristics

Of 4,832 eligible participants identified, 123 (2.5%) were excluded as they did not return for a
second visit, with the remaining 4,709 participants included in this study (eFigure 1). The
median number of included participants per site was 25 (Interquartile Range, IQR: 6-82). The
cohort was followed-up for a median time of 85 days (IQR: 30-237), with a maximum time of
730 days for the purpose of this analysis. The median number of clinic visits per participant

was 5 (IQR: 3-11).

Table 2 displays the baseline characteristics of the 4,709 included participants and median
time-to-ulcer-free. The included participants had a median age of 63 years (IQR: 54-72), 69.5%
were male, 91.0% had type 2 diabetes and 10.5% were of Indigenous status. The median time-
to-ulcer-free of the total cohort was 112 days (IQR: 40->730), with the proportion of being
ulcer-free at three, 12 and 24 months, being 41.5% (1,956), 64.0% (3,012), and 68.4% (3,221),
respectively. eFigure 2 displays the Kaplan-Meier survival graphs for the total cohort and by
each categorical variable. Of the remaining 31.6% (1,488) participants, 11.6% (545) had an
amputation (8.1% (382) minor and 3.5% (163) major amputation), 6.6% (310) died, 8.5% (399)
were lost to follow-up unhealed, and 5.0% (234) were followed up to 24 months but remained

unhealed without amputation or death (eFigure 1).

3.2 Factors associated with time-to-ulcer-free

Figure 1 displays the findings from univariable and multivariable analyses for the 18 variables
that met our criteria for entry into the multivariable models. The HRs of all these variables
from Cox models using multiple imputation, missing category and flexible parametric model
using missing category (model 2) were largely consistent (eTable 2). We therefore focus our

reporting on the findings of model 2, as it also included the time-varying coefficients for two

11
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variables that did not meet proportionality assumptions (PAD and ulcer size). There were 10

factors identified that associated with time-to-ulcer-free.

Longer time-to-ulcer-free was independently associated with younger age, living in regional
or remote areas, being a smoker, having neuropathy, PAD, ulcer size >1 cm?, deep ulcer and
mild infection (all: p<0.05; Figure 1). Those of younger age (<60-years) had longer time-to-
ulcer-free for each year younger compared with those aged >60 years (Figure 2). PAD (mild-
to-moderate PAD and critical PAD) and ulcer size categories (1-3 cm? and >3 cm?) had time-
varying effects; both had significantly longer time-to-ulcer-free up to six months after the first

visit (both, p<0.05), but were not significant after six months (Figure 3; eTable 3).

Shorter time-to-ulcer-free was independently associated with receiving recent DFU treatment
by a podiatrist (at baseline or week prior) and receiving a knee-high offloading treatment at

baseline (both, p<0.05; Figure 1).

3.3 Adjusted probability of being ulcer-free for identified factors

Figure 4 presents the predicted probability of being ulcer-free over 24 months by the identified
factor, with all other included factors adjusted. Factors displaying statistically lower adjusted
probability of being ulcer-free at any given time during the 24-month follow-up included living
in regional or remote areas, smoking, having neuropathy, deep ulcer, and infection (Figure 4;
eTable 4). With all other covariates being equal, the probability of being ulcer-free by six
months showed largest differences by geographical remoteness and PAD. For geographical
remoteness, the adjusted probability of being ulcer-free by six months was 65.0% (63.3-66.7)
for people living in a major city, 54.6% (52.6-56.8) in a regional area, and 40.3% (34.6-47.1)
in a remote area. Whereas for PAD, the adjusted probability of being ulcer-free by six months
was 63.5% (62.0-65.2) for people with nil PAD, 53.9% (51.4-56.6) with mild-to-moderate
PAD, and 38.0% (32.3-44.7) with critical PAD. Having PAD and larger ulcer sizes also

displayed lower probability of being ulcer-free in the first 12-months, but the difference

12
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narrowed with time and the probability (95% CI) overlapped in the second year, due to the
accumulation of the time-varying effects of these two factors. In contrast, factors displaying
higher probability of ulcer-free at any given time during the 24-months follow-up included

recent DFU treatment by a podiatrist and receiving knee-high offloading treatment at baseline.

4. Discussion

This paper investigated factors associated with the time it takes to become ulcer-free in patients
presenting with DFU(s). In nearly 5,000 participants presenting across 65 diverse centres, we
observed a median time-to-(being)-ulcer-free of 112 days, with 68% ulcer-free within 24
months. Longer time-to-ulcer-free was found to be independently associated with each year of
younger age (<60 years), living in a regional or remote area, smoking, neuropathy, PAD, larger
ulcer size, deep ulcers, and mild infection. However, time-varying effects were identified for
PAD and larger ulcer sizes which limited their association to six months follow-up time only.
Shorter time-to-ulcer-free was associated with recent DFU treatment by a podiatrist and
receiving knee-high offloading treatment at presentation. Lastly, novel adjusted ulcer-free
probability graphs were plotted for each identified factor, which should aid clinicians and
researchers to predict the given time it is likely to take for their patients to become ulcer-free

when presenting with these factors.

Apart from confirming that several novel factors reported in our recent brief letter were also
associated with time-to-ulcer-free at any given time over 24 months, such as younger age group,
living in a regional or remote area and receiving knee-high offloading [24], there are also
unique findings in this new analysis. These included that each year of age younger than 60
years was associated with increasingly longer time-to-ulcer free, recent podiatrist treatment

was associated with shorter time-to-ulcer-free, PAD and ulcer size had time-limited effects on
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being ulcer-free, and adjusted ulcer-free probability graphs were plotted to predict the
independent association that each identified factor has on patients becoming ulcer-free at any
given time. Furthermore, this new analysis confirmed multiple common factors previously
reported to be associated with healing at certain time points up to 12 months, were also
associated with being ulcer-free at any given time point up to 24 months, such as smoking,

neuropathy, mild infection and deep ulcers.

Every year of younger age, compared to those 60 years or older, was found to be associated
with increasingly longer time-to-ulcer-free at any given time up to 24 months. This is a much
more specific finding compared to our previous letter that simply compared age categories and
found that aged 18-49 years was associated with not healing at three and 12 months, compared
60-69 years [24]. Other recent studies have reported younger age groups to associate with other
poor DFU outcomes, such as infection, hospitalisation, and recurrence [3, 24, 34, 35]. These
altogether suggest that younger patients may require increasingly intensive care and monitoring
when it comes to improving DFU outcomes. We hypothesise that these younger ages may be
indicative of younger-onset type 2 diabetes, emerging as a more severe phenotype for diabetes-
related complications [24, 34, 35], or being in jobs or lifestyles that require more weight-
bearing activity, resulting in higher plantar tissue stress and delayed healing [3]. However, we
should point out, whilst we were able to adjust for diabetes type, due to a large proportion of
missing data we were unable to adjust for diabetes duration in our analysis which may have
been implicated in this finding. Thus, future research should further investigate the influence
of age of diabetes onset, diabetes duration, employment and high plantar tissue stress factors

on different DFU outcomes.

In terms of other novel factors found in this new analysis, those receiving recent podiatrist
treatment for their DFU, either in the week prior to or at presentation at a DFU centre, were

identified to be independently associated with shorter time-to-ulcer-free. Whilst this factor was
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close to achieving significance in our previous letter at three months, and most participants in
this cohort received such recent podiatry treatment, this novel finding suggests that early
podiatry treatment is beneficial for DFU outcomes, and aligns with growing evidence that DFU
patients treated by a podiatrist, prior to or as part of a multi-disciplinary Diabetic Foot Service,
have much lower risk of future amputation [36-38]. We hypothesise the reason may be that
DFU patients attending a podiatrist are more likely to present with less severe DFU and be
referred earlier to a Diabetic Foot Service. Thus, this seems to support the important impact

that earlier access to Diabetic Foot Services has on improved DFU outcomes.

In this new analysis, we were able to investigate the time-varying effects of factors for the first
time to our knowledge. We found more severe PAD (both critical and mild-to-moderate PAD)
and larger ulcer size categories (>3cm? and >1cm?), previously found associated with non-
healing at 3 and 12 months [9, 15, 20, 24, 39], to have time-varying associations with time-to-
ulcer-free. Our investigation suggests that more severe PAD and larger ulcer sizes have
important escalating negative associations on DFU outcomes at baseline, but the association
diminishes with time post-presentation until after 6 months they have little-to-no association.
For PAD this may potentially be due to subsequent inpatient treatments that we didn’t capture,
such as revascularization, that can positively modify PAD severity [40]. This time-limited
phenomenon may also be due to the patients presenting with more severe PAD or larger ulcer
sizes also having more severe comorbidities that were more likely to lead to early amputation
or death. Although we did adjust for multiple comorbidities in our models, we didn’t adjust for
comorbidity severity and the censoring of participants with early amputation or death may also
have impacted these findings. Regardless, we recommend that future studies investigate the

time-varying effects of these factors alongside subsequent treatments.

Visualising the probability to become ulcer-free is another asset of this new analysis, by using

the parametric functionality of the flexible parametric survival model. Unlike other fields
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including cancer research [41], most previous time-to-event analyses in the DFU field have
used only Cox models. While reporting HRs as the measure of effects, Cox models do not
provide any direct information on model-adjusted rate (i.e. adjusted ulcer-free probability) for
a person with certain factors like parametric models. The novel probability graphs in this
analysis (Figure 4) should help provide clinicians with more precise understanding of the
influence that each factor has on predicting the time it may take for their presenting patients to

be ulcer-free during their care, information of great value to their patients [23].

The value that these graphs provide is perhaps most evident for the factor of living in a regional
or remote area. The adjusted probability shows that with all covariates being equal, for every
100 patients treated over six months in different geographical areas, 65 would become ulcer-
free in a major city, 55 in regional area, and only 40 in remote area (Figure 4; eTable 4). We
hypothesise, like we did in our previous letter [24] and others have for amputation [42, 43],
that geographical remoteness may be indicative of infrequent access to care, reduced socio-
economic status or poorer health literacy [42-45]. Whilst we didn’t collect socio-economic
status or health literacy, in unpublished post-hoc analyses, we did find statistically larger mean
number of Diabetic Foot Service visits in those from major cities, which supports infrequent

access to care being implicated.

Further, we confirmed that receiving knee-high offloading treatment at presentation was also
associated with shorter time-to-ulcer-free in this new analysis as per our previous letter [24].
This is perhaps unsurprising, considering these treatments are supported by high-quality trials
and recommended as a gold standard DFU treatment in guidelines [46-48]; however, their use
in clinical practice has been disappointingly low [46-48]. These collective findings, suggest
that methods to improve earlier access and frequency of guideline-based care for patients with

DFU may help shorten time-to-ulcer-free.
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Apart from these novel findings, our new analysis confirms several important indicators
previously identified from major metropolitan tertiary centres, such as smoking, neuropathy,
PAD, ulcer size, depth and infection [9, 10, 13, 15, 17, 39]. Whilst smoking has previously
been found to associate with poor DFU healing in only small tertiary centres [49], potentially
due to tissue hypoxia [49, 50], our finding seems to also confirm this relationship on time-to-
ulcer-free in a larger, diverse, cohort. Additionally, we found mild infection predicted longer
time-to-ulcer-free, but perhaps surprisingly moderate-to-severe infection did not. We
hypothesise that moderate-to-severe infection is more likely to result in hospitalisation and
more aggressive treatments, such as intravenous antibiotics and surgical procedures, which
may have helped infection resolution, and in turn shorten time-to-ulcer free compared to mild
infection that typically receives a heterogenous array of oral antibiotics [51]. Otherwise, these
findings emphasise the need for inclusion of all these important factors in DFU assessment and

classification tools for patients attending diverse centres [12].

Several limitations should be considered when interpreting this paper. First, we used some self-
reported demographic and comorbidity variables. However, these variables were captured
using a valid and reliable standard QHRFF data collection form [30]. Second, while alternative
approaches are possible for variable selection, the variables included using the p<0.1 entry
threshold is consistent with those of clinical importance. Third, missing data existed for some
variables. However, for variables with 10-25% missing data we tried to minimise any potential
bias by using multiple imputation and missing category methods in both Cox and flexible
parametric models, and reassuringly found the HRs were very similar between methods
(eTable 2). We did though exclude variables with more than 25% missing data, which meant
we had to exclude diabetes duration and HbAlc and this may have been implicated in our
younger age findings [9, 17, 39, 52]. Fourth, our definition of moderate PAD (<70mmHg) was

a lower threshold than the <60mmHg recommended in guidelines, but we did use <30mmHg
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for critical PAD as recommended [12, 40]. Fifth, we did not collect ulcer location, reported to
influence individual DFU healing [39], however, this is potentially less of a limitation in
patients with multiple DFUs. Lastly, apart from amputation, we did not capture treatments
occurring after baseline, such as inpatient interventions, and this may have been a reason why

we did not find moderate-to-severe infection to be a factor for time-to-ulcer-free.

Several important strengths should also be considered. First, this study is one of the largest
prospective investigations of DFU outcomes in terms of patient numbers, sites, geographical
diversity, length of follow-up time and factors explored, capturing around 50% of patients with
DFU in Queensland [24]. Second, robust variable selection and analytical methods were
applied, including two robust sophisticated multivariable model: Cox proportional hazards, and
flexible parametric survival model that appropriately incorporated time-varying effects. Third,
in addition to exploring independent factors, we took advantage of the predictive ability of our
parametric model to quantify the adjusted probability of being ulcer-free over time. Last, our
outcome of being ulcer-free has been recommended as a more important patient-level outcome

than healing of an individual ulcer as used in some other studies [23].

In conclusion, we identified both novel and confirmatory factors that were independently
associated with time-to-ulcer-free from a large diverse cohort with DFUs followed up for two
years. Further, our use of flexible parametric survival model performed similarly well to that
of the more-commonly used Cox models and provided the flexibility to investigate the time-
varying effects. Adjusted ulcer-free probability graphs show the predicted influence each factor
has on being ulcer-free, with largest disparities by geographical remoteness and PAD. Our
findings should improve the understanding of patients, clinicians, researchers and policy

makers to the influence that these factors have on time-to-ulcer-free in people with DFU.
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Table 1: Definitions of included variables.

Variables

Definitions

Demographics (from self-report)

Sex
Age

Indigenous status

Geographical remoteness

Participant identifies as male, female or indeterminate/intersex
Participant’s age in years at time of the first visit

Participant identifies as being of Aboriginal and/or Torres Strait Islander origin
and is respectfully referred to as being Indigenous for the purpose of the study

Participant’s residential postcode was transformed into geographical remoteness
areas (major city, regional area (inner or outer regional area), remote area
(remote or very remote area)), according to Remoteness Areas Index of Australia
(Australian Bureau of Statistics) [53]

Comorbidity (from self-report)

Diabetes type
Diabetes duration (years)

Glycated haemoglobin
(HbA1c)

Hypertension

Dyslipidemia

Cardiovascular disease

Chronic kidney disease

End stage renal failure

Smoker

Participant has been diagnosed with Typel or Type 2 diabetes mellitus
Year participant was diagnosed was used to calculate diabetes duration

The participant’s most recent reported glycated haemoglobin level (HbAlc).
HbAlc % was converted into mmol/mol.

Participant has been diagnosed with hypertension: Blood pressure
of >140mmHg systolic and/or >90mmHg diastolic.

Participant has been diagnosed with dyslipidemia: Lower-density lipoprotein
cholesterol >2.5 mmols/L, Triglycerides >2.0mmol/L or
Cholesterol >6.2mmol/l.

Participant has been diagnosed with cardiovascular disease: All diseases and
conditions of the heart and blood vessels, including myocardial infarction,
angina or stroke.

Participant has been diagnosed with chronic kidney disease: Estimated
Glomerular filtration rate (eGFR) <90mL/min.

Participant has been diagnosed with end stage renal failure: Estimated
Glomerular filtration rate (eGFR) <15 mL/min, on dialysis and/or had a kidney
transplant.

Participant smokes tobacco regularly or has smoked in the previous 4 weeks.

Limb (from clinically diagnoses)

Previous foot ulcer

Previous amputation

Neuropathy

Peripheral artery disease

History of a previous healed foot ulcer. Participant self-report is acceptable.

The participant has had an amputation procedure through (part of) the lower limb
confirmed on clinical examination

Lack of protective sensation to a 10-gram monofilament on at least 2 of 3 plantar
forefoot locations

Mild to moderate PAD: Toe systolic pressure 30-70mmHg
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Foot deformity

Acute Charcot foot

Critical PAD: Toe systolic pressure <30mmHg

Scored at least 3 points on a 6-point foot deformity score (one point each scored
if small muscle wasting, Charcot foot deformity, bony prominence, prominent
metatarsal heads, hammer/claw toes, or limited joint mobility present).
Suspected Acute Charcot foot due to currently having a red, hot, swollen,
unilateral neuropathic foot joint without an ulcer in close proximity.

Ulcer (from clinically diagnoses)

Ulcer size

Deep ulcer

Infection

Ulcer surface area was estimated by multiplying length of ulcer in mm by width
of ulcer in mm. Participants with multiple ulcers had the surface area of all ulcers
summed together for a combined ulcer surface area in mm?2. Ulcer surface area
was then categorized into: <lcm?, 1-3cm?, >3cm?

Ulcer penetrating to tendon, capsule, bone or joint, including University of Texas
Wound Classification system depth categories of 2 or 3

At least 2 of the following signs or symptoms were present around the ulcer:
erythema, swelling, warmth, tenderness or pain, purulent discharge.

Mild infection: Erythema extends <2cm from the edge of the ulcer

Moderate or systemic infection: Erythema extends >2cm from the edge of the
ulcer +/or systemic signs or symptoms of infection.

Recent DFU treatment by: (from self-report)

Podiatrist
General practitioner (GP)
Surgical specialist

Medical specialist

Nurse

Others

A podiatrist provided treatment for the participant’s foot complication in the
week prior to, or at, the current visit to a Diabetic Foot Service.

A GP provided treatment for the participant’s foot complication in the week prior
to, or at, the current visit to a Diabetic Foot Service.

A surgical specialist provided treatment for the participant’s foot complication
in the week prior to, or at, the current visit to a Diabetic Foot Service.

A medical specialist physician provided treatment for the participant’s foot
complication in the week prior to, or at, the current visit to a Diabetic Foot
Service.

A nurse provided treatment for the participant’s foot complication in the week
prior to, or at, the current visit to a Diabetic Foot Service.

Other health professionals provided treatment for the participant’s foot
complication in the week prior to, or at, the current visit to a Diabetic Foot
Service.

Current DFU treatment (from clinically diagnoses)

Debrided
Dressing appropriate

Antibiotics prescribed

Knee-high offloading

Footwear appropriate

Patient educated

Sharp debridement of ulcer performed in the current visit.

Dressing applied during current visit was considered appropriate if it promoted
a moist wound healing environment unless clinically contraindicated.
Antibiotic therapy commenced in the current visit if needed (in participants with
ulcers that are infected or non-healing) or medical practitioner has prescribed or
been contacted to prescribe antibiotic therapy

Knee-high offloading device (removable or non-removable) is already used or
has been prescribed in the current visit.

Footwear was considered appropriate for the contralateral foot in the current visit
if it protects against injury, allowed appropriate offloading if required (such as
insoles) and encouraged safe mobility.

Participant was provided education on foot-related self-care in the current visit.

Amputation identified from hospital dataset

Minor amputation

Major amputation

ICD-10-AM (the International Statistical Classification of Diseases and Related
Health Problems, Tenth Revision, Australian Modification) procedure codes
4433800,4435800,9055700,4436100,4436101,4436400,4436401

ICD-10-AM procedure codes: 4436701,4436702,4437000,4437300,4436700
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456  Table 2: Participant baseline characteristics (number (%) unless otherwise stated and median

457  time-to-ulcer-free (95% CI)

Variable n Total Median time-to-ulcer-freet
Total participants 4,709 4,709 (100%) 112 (105-119)
Demographics
Male 4,709 3,275 (69.5%) 113 (105-121) vs. 106 (97-124)1
Age (years)* 4,708 63 (54-72) -
Indigenous status 4,709 495 (10.5%) 181 (147-235) vs. 106 (100-114) 1
Geographical remoteness 4,559
Major city 2,486 (54.6%) 88 (84-98)
Regional area 1,857 (40.7%) 140 (126-154)
Remote area 216 (4.7%) 315 (184-659)
Comorbidities
Diabetes type 4,709
Type 1 425 (9.0%) 113 (91-140)
Type 2 4,284 (91.0%) 112 (105-119)
Diabetes duration (years)* 1,736 15 (8-22) -
HbAlc* 1,203 8 (6.9-9.7) %; 64 (52- -
82) mmol/mol*
Hypertension 4,709 2,502 (53.1%) 119 (107-126) vs. 106 (98-116)7
Dyslipidemia 4,709 1,701 (36.1%) 112 (100-126) vs. 112 (104-119)1
Cardiovascular disease 4,709 986 (20.9%) 126 (112-149) vs. 108 (100-116) 1
Chronic kidney disease 4,709 620 (13.2%) 125 (105-155) vs. 112 (104-118) 1
End stage renal failure 4,709 185 (3.9%) 233 (138-312) vs. 111 (102-117)1
Smoker 4,709 494 (10.5%) 168 (142-216) vs. 106 (99-114) 1
Limb
Previous foot ulcer 4,709 3,621 (76.9%) 111 (102-118) vs. 123 (105-142) 1
Previous amputation 4,697 1,428 (30.4%) 140 (125-152) vs. 101 (94-110) 7
Neuropathy 3,866 3,319 (85.9%) 124 (115-132) vs. 88 (70-112) 1
Peripheral artery disease 3,800
Nil 2,214 (58.3%) 91 (85-100)
Mild to moderate 1,357 (35.7%) 155 (135-181)
Critical 229 (6.0%) 261 (189-360)
Foot deformity 3,039 1,910 (62.8%) 126 (116-140) vs. 118 (102-134) 1
Acute Charcot foot 3,768 69 (1.8%) 168 (85-330) vs. 119 (112-126) 1
Ulcer
Ulcer size (cm?)* 3,597 0.70 (0.16-2.38) -
Ulcer size
<lcm? 2,038 (56.7%) 70 (63-74)
1-3cm? 818 (22.7%) 138 (118-160)
>3cm? 741 (20.6%) 231 (189-273)
Deep ulcer 4,654 728 (15.6%) 193 (165-223) vs. 98 (91-105) T
Infection 4,702
Nil 3,106 (66.1%) 97 (91-105)
Mild 994 (21.1%) 148 (151-173)
Moderate to systemic 602 (12.8%) 135 (119-160)
Recent DFU treatment by
Podiatrist 4,709 4,491 (95.4%) 111 (104-117) vs. 193 (145-257) "
General practitioner 4,709 420 (8.9%) 102 (83-116) vs. 113 (105-121)7
Surgical specialist 4,709 266 (5.6%) 175 (142-248) vs. 109 (102-115) 1
Medical specialist 4,709 557 (11.8%) 149 (126-189) vs. 106 (100-114) 7
Nurse 4,709 1,124 (23.9%) 140 (126-156) vs. 104 (97-112) 1
Others 4,709 565 (12.0%) 119 (98-142) vs. 112 (105-119) 7
Current DFU treatment of
Debrided ulcer 3,772 3,357 (89.0%) 112 (102-119) vs. 175 (128-222) 1
Dressing appropriate 3,772 3,644 (96.6%) 114 (106-124) vs. 120 (83-244)1
Antibiotics prescribed 4,699 1,697 (36.1%) 147 (133-164) vs. 97 (89-105) 1
Knee-high offloading 4,706 1,835 (39.0%) 102 (92-113) vs. 126 (114-139) "
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458
459
460
461
462
463
464

465

Footwear appropriate 4,686 2,743 (58.5%) 99 (91-109) vs. 124 (113-140)1
Patient educated 3,772 3,721 (98.6%) 104 (91-115) vs. 114 (106-124)

* Continuous variables are presented as median (IQR).

 Median time-to-ulcer-free is the time when 50% of the participants had become ulcer-free. eFigure2 displays more details in
the corresponding unadjusted Kaplan-Meier survival graphs.

T Median time-to-ulcer-free for variables with two categories (Yes and No) are presented in sequence of Yes and No and
connected by “vs.”.

fHbA1c mmol/mol is converted from HbALc % based on American Diabetes Association (ADA) recommendations
(http://www.ngsp.org/convertl.asp)
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Figure 1 Univariable and multivariable analysis of factors associated with time-to-ulcer-free

of diabetes-related foot ulcers within 2 years.

"The results of the category of Yes is presented, with the category of No used as the reference group for this variable. All
included variables are those with p<0.10 on the univariable analysis.

A missing category was included when there were between 19%-25% missing values, for variables including Neuropathy,
PAD, Ulcer size and Debrided ulcer.

Multivariable flexible parametric survival model (n=4,486) included all the listed variables, with PAD and ulcer size included
as time varying coefficients (tvc), as they had non-proportional hazards.

Figure 2 Hazard ratio (95% CI) of continuous age, with a reference of 60 years old

Figure 3: Hazard ratio (95% CI) of PAD and ulcer size (as time-varying coefficients).

A: PAD. Hazard ratio (95% CI) of PAD as time-varying coefficients. no PAD was the reference category;

B: Ulcer size. Hazard ratio (95% CI) of ulcer size (cm?) as time varying coefficients. Ulcer size, <lcm? was the
reference. Number at risk was presented below the graph.

Note: the missing category overlaps with both categories and is not presented; the HR is fully adjusted for all
other included variables. Cl: Confidence Interval; PAD: Peripheral Artery Disease.

Figure 4: Predicted probability of ulcer-free (95% CI) by demographics, comorbidity, limb

and treatment characteristics over time (in months).

Probability of being ulcer free in all graphs were adjusted for all included variables in the flexible parametric survival model.
Graphs for variables that were not significant (p>0.05) in the multivariable model 2 are not presented. Cl: Confidence
Interval
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