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Abstract

This study aimed to investigate the efficacy of using routinely collected clinical data
in predicting the risk of diabetic foot ulcer (DFU). The first objective was to develop
a prognostic model based on the most important risk factors objectively selected
from a set of 39 clinical measures. The second objective was to compare the pre-
diction accuracy of the developed model against that of a model based on only the 3
risk factors that were suggested in the systematic review and meta-analyses study
(PODUS). In a cohort study, a set of 12 continuous and 27 categorical data from
patients (n = 203 M/F:99/104) who attended a specialised diabetic foot clinic were
collected at baseline. These patients were then followed-up for 24 months during
which 24 (M/F:17/7) patients had DFU. Multivariate logistic regression was used to
develop a prognostic model using the identified risk factors that achieved p < 0.2
based on univariate logistic regression. The final prognostic model included 4 risk
factors (Adjusted-OR [95% CIJ; p) in total. Impaired sensation (116.082 [12.06-
1117.287]; p = 0.000) and presence of callus (6.257 [1.312-29.836]; p = 0.021)
were significant (p < 0.05), while having dry skin (5.497 [0.866-34.89]; p = 0.071)
and Onychomycosis (6.386 [0.856-47.670]; p = 0.071) that stayed in the model
were not significant. The accuracy of the model with these 4 risk factors was 92.3%,
where sensitivity and specificity were 78.9%, and 94.0% respectively. The 78.9%
sensitivity of our prognostic 4-risk factor model was superior to the 50% sensitivity
that was achieved when the three risk factors proposed by PODUS were used. Also
our proposed model based on the above 4 risk factors showed to predict the DFU
with higher overall prognostic accuracy. These findings have implications for
developing prognostic models and clinical prediction rules in specific patient pop-
ulations to more accurately predict DFU.
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1 | INTRODUCTION

Diabetic Foot Ulcer (DFU) is the main cause of non-traumatic lower
limb amputation worldwide.

The lifetime prevalence of DFU is reported to be between 15%
and 25% in a person with diabetes, while a recent study estimates
this figure to be higher.? Nearly half of the diabetic foot ulcers
become infected® and one in five moderate or severe diabetic foot
infections lead to amputation.*® It has been reported that the pres-
ence of DFU increases the risk of death at 5 years by 2.5 times.®

Systematic reviews of existing literature identify many predictive
factors including impaired sensation, peripheral vascular disease,
peak plantar pressure, foot deformities and fasting blood sugar as
risk factors for diabetic foot ulcers.”® Also, age, duration of diabetes,
height, body weight and Body Mass Index (BMI) have been associated
with the risk of DFU occurrence.”® An earlier systematic review of
the risk factors for diabetic foot ulceration identified foot deformity,
peripheral neuropathy (Vibration Perception Threshold-VPT or
cutaneous insensitivity to monofilament), peripheral arterial disease
(pulses and/or ankle brachial index), previous amputation, the pres-
ence of callus, HbA1c, Tinea pedis, and onychomycosis as prognostic
factors that can predict the risk of ulceration.”

In studies focusing on validation and comparison of existing
diabetic foot risk models, it was concluded that the existing models
show high efficacy represented as the area below receiver operating
characteristic (ROC) ranging from 0.73 to 0.86 and with no significant
difference in accuracy between them.® However, in a later multi-
centre prospective cohort study the authors reported considerable
differences in the efficacy of predictions when they applied to a
hospital versus community settings i.e. the area below the ROC curve
could differ between 0.46 in a community setting for a risk prediction
model and 0.86 for another model.'®'! Recently, the prognostic
factors for foot ulceration in people with diabetes were investigated
as part of the international research collaboration for the prediction
of diabetic foot ulcerations known as PODUS.'?

This investigation proposed a multivariable prognostic model
based on a systematic review and meta-analysis using individual
patient data from 10 studies to predict foot ulceration.*? In PODUS,
the history of DFU, insensitivity to a 10-g monofilament and any
absent pedal pulse were identified as consistent independent pre-
dictors of DFU.*? This 3 risk-factor prognostic model proposed in
PODUS was reported to have a sensitivity of 90.0%-95.3% and a
specificity of 12.1%-63.9%.12 This prognostic model was reported to
compare favourably with the more complex approaches to foot risk
assessment recommended in clinical diabetes guidelines.12 However,
the data in those studies were collected during a period no later than
2008 within a mix of settings from the hospital to primary care,
outpatients, and tertiary care units.*?

This indicates that although this 3-risk factor prognostic model
proposed by PODUS compares favourably with more complex

1,12 the variability which was previously reported for

models in genera
existing risk models across different settings®® can also exist. These

indicate that there is a need for assessing the efficacy of using

routinely collected data in predicting the risk of DFU in the first place
and to compare the accuracy of such against that of proposed by the
3-risk factor PODUS prognostic model.

Hence, this study aimed to assess the efficacy of using routinely
collected clinical data at a foot clinic setting in predicting DFU. The
first objective was to develop a prognostic model based on the most
important risk factors that are objectively selected from a set of
routinely collected clinical data. The second objective was to
compare the prediction accuracy of the developed model against that
of a model based on only the 3 risk factors that were suggested in
PODUS."?

2 | MATERIALS AND METHODS

Data from a routine NHS clinic in England was analysed as a part of
this work. This audit received necessary governance approvals prior
to any data reduction and synthesis. Data from patients (n = 203, M/
F:99/104) who attended the specialised diabetic foot clinic were
included in this study. The primary exclusion criterion was the
presence of any DFU at baseline. Diabetic foot ulcer was defined as a
full-thickness wound involving the foot or the ankle, distal to and
including the malleoli. The sample size was calculated using logistic
regression with a power of 0.95 and Alpha 0.05, Odds Ratio of 1.8 for
future ulceration. This resulted in a sample size of 203 participants
who would also provide 80% power to detect hazard ratios of 1.6.

An initial database that included 211 patients was identified.
Eight patients had missing data and were removed from the data set
and the participants with complete and no missing data set were 203
patients who were all included in the study.

The baseline characteristics of the patients were collected during
their initial visit between January 2017 and December 2018. The
categorical and continuous measures are shown in Tables 1 and 2.
The primary inclusion criteria were that the patient was diagnosed
with diabetes.

The categorical and continuous parameters assessed are shown
in Tables 1 and 2. In addition, data related to previous ulceration, and
amputation along with foot-specific characteristics such as muscle
weakness and foot deformity were also assessed. Twenty-five out of
203 participants in the study had a history of previous ulceration
(Table 2).

Skin status was considered as Dry when the epidermis lacked
moisture or sebum; and Normal when the skin was well-balanced
eudermic that is neither too oily nor too dry.'® Tinea pedis and
onychomycosis'* and the presence of callus were recorded.*>*¢

A 10-g monofilament was used on 10 sites for each foot and
sensation in less than 8 out of 10 sites was considered as neuropa-
thy.Y” The vibratory and blunt sensations were tested over the tip of
the great toe bilaterally and the abnormal response was defined as
when the patient loses sensation.>*8

The foot-specific categorical parameters for each participant
were defined as if these occurred on either or both feet for each

participant. The presence of triphasic, biphasic, monophasic, or
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TABLE 1 Continuous measures and the corresponding values for all participants and for those with and without ulcer incident during

follow-up.
With ulcer Mann-Whitney Univariate logistic
All No ulcer incident incident U test regression
Effect p
Continuous variable Med IQR N Med IQR N Med IQR N p size (r) Odd ratio (95% Cl) value
Age (years) 76 17 203 76 15 179 74 27 24 0.868 -0.01 0.998 (0.964-1.033) 0.946
Weight (kg) 845 2115 69 80.85 2369 52 89 40.5 17 0.008 -0.32 1.041 (1.011-1.072) 0.007
BMI (kg/m?) 30.5 957 68 303 95 54 319 133 14 0.299 -0.13 1.042 (0.979-1.109) 0.186
HbA1c (mmol/mol) 58 23 170 57.00 2225 150 67.50 26.25 20 0.01 -0.20 1.024 (1.004-1.046) 0.019
Creatinine (umol/L) 79 31 105 7850 29.50 96 102.00 5450 9 0.05 -0.19 1.013 (0.999-1.027)  0.055
Duration since the diagnosis of 13 15 181 12 15 160 19 15 21 0.359 -0.07 1.009 (0.971-1.049) 0.637

diabetes (years)

Left dorsal pedis systolic pressure 150 26 197 149 26
(mm HG)

Right dorsal pedis systolic pressure 150 27 198 1495 28
(mm HG)

Left posterior tibialis systolic 153 34 198 1525 34
pressure (mm HG)

Right posterior tibialis systolic 152 30 198 151 30
pressure (mm HG)

Brachial systolic pressure (mm HG) 132 20 200 134 20

Brachial diastolic pressure (mm 72 15 52 73 14
HG)

Left dorsalis pedis ABI 1.14 0.21 199 1.13 0.21

Left posterior tibialis ABI 1.15 0.19 200 1.15 0.20

Right dorsalis pedis ABI 1.13 0.20 199 1.13 0.20

Right posterior tibialis ABI 1.16 0.19 199 1.16 0.20

173 153 39 24 0.448 -0.05

174 150 22 24 0.691 -0.038

174 158 36 24 0.581 -0.04

174 160 27 24 0.382 -0.06

176 130 18 24 0.533 -0.04

175 118 0.21 24 0492 -0.05
176 118 0.19 24 0945 0.00
175 111 0.21 24 0982 0.00

175 119 0.18 24 0474 -0.05

1.008 (0.991-1.026) 0.349

1.004 (0.986-1.022) 0.678

1.002 (0.984-1.019) 0.862

1.008 (0.99-1.026) 0411

1(0.972-1.028) 0.993

47 70 16 5 0.554 -0.08 0.979 (0.888-1.08) 0.673

2273 (0.213-24.216) 0.496
0.962 (0.096-9.675) 0.974
1.452 (0.112-18.793) 0.775
2.941 (0.233-37.155) 0.405

Note: The results from the test of difference (Mann-Whitney) and univariate logistic regression are also shown. The values in bold show the significant
parameters for the corresponding test. The underlined values show the parameters that achieved p < 0.2 in Univariate analyses which were also

included in the Multivariate analyses.
Abbreviation: ABI, ankle brachial index; mm Hg, millimeters of mercury.

absence of pulse in the dorsalis and posterior tibiali arteries were
collected. Neuropathy was assessed as the presence or absence of
sensation to: 10-g monofilament, vibration, sharp/blunt sensation felt
on Hallux, 1st and 3rd Metatarsophalangeal joint. Also, the presence
of Paraesthesia, numbness, burning sensation, pain, and propriocep-
tion was assessed.

Gender, Smoking habits (Current smoker, Never smoked, Previ-
ous smoker) as well as the Type of diabetes (Type 1 or 2), Presence or
absence of other comorbidities or pathological conditions, angina,
hyperlipidaemia, hypertension, retinopathy, and history of surgery
data were also collected.

Age, body mass, duration of Diabetes and BMI as well as the
clinical characteristics including HbAlc and Creatinine were
measured. The vascular parameters were Brachial systolic and dia-
stolic pressure, the systolic pressure in dorsalis pedis and posterior
tibiali arteries and Ankle Brachial Pressure Index were also collected.

During 24 months of follow-up, 24 (M/F:17/7) patients had
DFU. DFUs were 7 on the right foot only, 16 on the left foot only,

and 1 on both feet. The majority of ulcers were at the forefoot
with only 5 at the rear-foot. Because of the limitations in the
number of ulcers at each site, this study did not consider the
location of ulcers in the analyses. Using IBM® SPSS®v.26, a Chi-
square test for independence with Yates Continuity Correction
was utilised to identify significant (p < 0.05) differences in cate-
gorical measures between the two groups (with and without DFU
during follow-up). Furthermore, given the non-normal distribution
of the data, which was established through the test of normality
(Kolmogorov-Smirnov, p < 0.05), Mann-Whitney U-Test was uti-
lised to assess significant (p < 0.05) differences in continuous
measures between the patients with and without DFU during
follow-up. Univariate Logistic Regression was utilised to identify
parameters and their odds ratio contributed to predict the DFU
risk during follow-up.

Multiple logistic regression analysis was utilised to find the
contributory factors to DFU during follow-up. The purposeful se-
lection of parameters in the multiple logistic regression model was
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(Continued)

TABLE 2

With ulcer

No ulcer

occurrence 24
(11.82%)

occurrence

Chi square test of independence

Univariate logistic regression

179 (88.18%)

Total (203)

p value for Effect size for Effect

size

Chi value differences differences

p value Odd ratio (95% ClI)

%

Count

%

Count

%

Count

Categorical variable

0.4522 Medium

0.000

23.390 (6.641-82.380) 41.317

2291% 21 87.50% 0.000

41

30.54%

62

Absent sharp/blunt sensation (ref absent)

0.196? Small

0.005

7.773

3.900 (1.417-10.731)

9.50% 7 29.17% 0.008

17

11.82%

24

Paraesthesia (ref yes)

0.000

0.293? Medium

0.000

17.346

5.846 (2.373-14.405)

50.00%

18.72% 26 14.53% 12

38

Numbness (ref yes)

0.028° Very small

0.687

0.163

1.380 (0.287-6.640)

0.688

8.33%

2

6.15%

11

6.40%

13

Burning sensation (ref yes)

0.288°2 Medium

0.000

6.917 (2.466-19.399) 16.764

0.000

33.33%

8

6.70%

12

9.85%

20

Pain sensation (ref yes)

0.030° Very small

0.672

0.179

1.600 (0.178-14.360)

279% 1 4.17% 0.675

5

2.96%

6

Proprioception (ref absent)

Note: The results from the test of association (Chi-square) and univariate logistic regression are also shown. The values in bold show the significant parameters in the corresponding test. The underlined values

show the parameters that achieved p < 0.2 in Univariate analyse which were also included in the Multivariate analyses.

2Effect size as the Phi coefficient, with Small = 0.01, Medium

0.30, Large = 0.50.

0.21, Large = 0.35.

PEffect size as Cramer's V coefficient (three categories), where Small = 0.07, Medium

based on the univariate analyses in which variables with p < 0.2 were
selected.’

There were a total of 20 parameters where the Univariate ana-
lyses resulted in p < 0.2 added to the multivariate mode. These
included 4 continuous parameters (as highlighted in Table 1) and 16
categorical parameters (as highlighted in Table 2). An automated
backward stepwise Wald's selection algorithm where variables with
p < 0.05 were retained based on the probability of the Wald statistic
was used to perform multivariate logistic regression analyses using
the 20 parameters (which showed p < 0.2 in prior Univariate ana-
lyses). These 20 parameters, were analysed in the multivariate ana-
lyses using the backward stepwise Wald's selection algorithm to
ensure that any interrelationship and co-dependencies between pa-
rameters that may be interrelated are taken into account.

The logistic regression is based on the Backward stepwise
method in which the parameters were selected based on the
backward elimination that begins by entering all terms specified on
the stepwise list into the model first. From there, the algorithm
alternates between forward entry (with p value threshold for
stepwise entry at 0.05) on the terms left out of the model and
backward elimination (with p value threshold for stepwise removal
at 0.10) on the stepwise terms in the model. This continues until no
terms meet the entry or removal criteria and where the final model
can be identified. Hence, the final model will include parameters
with significance at p < 0.1 out of which some may be significant at
p < 0.05.

3 | RESULTS

All results related to the categorical and continuous measures are
presented in Tables 1 and 2 respectively.

Whilst comparing the continuous parameters between the
groups with and without ulcer using Mann-Whitney U-Test, weight
and HbA1C were significantly (p < 0.05) higher in the group with a
future ulcer when compared to the group without ulcers; all with
small to moderate effect size.

Also, the Chi-square test for independence showed a significantly
higher proportion of those who ulcerated were male, had Retinop-
athy, muscle wasting, dry skin, history of ulceration, history of
amputation, insensitivity to monofilament, vibration, and sharp blunt
objects, paraesthesia, numbness, and pain.

Univariate Logistic Regression indicated that patients with any of
the above characteristics had a significantly higher chance of having
diabetic foot ulcers during follow-up (Table 2). Multiple logistic
regression (Multivariate) analysis indicated that in the final model
(Adjusted-OR [95% Cl]), the absence of sensation to monofilament
(116.082 [12.06-1117.287]), and the presence of callus (6.257
[1.312-29.836]) in the foot were the only parameters that were
statistically significant (p < 0.05) predictors of DFU. However, the
presence of dry skin (5.497 [0.866-34.89]) and Onychomycosis
(6.386 [0.856-47.670]) while stayed in the model, their contribution
to predicting DFU was non-significant (p > 0.05) (Table 3).
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TABLE 3 Logistic regression model predicting the likelihood of developing diabetic foot ulcer.
95% Cl exp (B)
Model parameters B S.E. Wald Sig. Exp (B) Lower Upper
Dry skin 1.704 0.943 3.266 0.071 5.497 0.866 34.896
Onychomycosis 1.854 1.026 3.268 0.071 6.386 0.856 47.670
Callus 1.834 0.797 5.295 0.021 6.257 1.312 29.836
Monofilament 4.754 1.155 16.935 0.000 116.082 12.060 1117.287
Constant -7.780 1.669 21.719 0.000 0.000

Note: The Odds Ratio is presented as Exp (B) and the B values are coefficients in the logistic regression equation to calculate the probability of a case
falling into a specific category. The values in bold show the significant values at P < 0.05.

The model's accuracy in the classification was 92.3% with a
sensitivity of 78.9% and a specificity of 94.0%. The area under ROC
for the model was 0.876. The multiple logistic regression model that
included all 4 risk factors was statistically significant (Omnibus Tests
of Model Coefficients showed X2 =62.179, p < 0.0005). Furthermore,
the model explained 61.1% (Nagelkerke R?) of the variance in future

ulcers during follow-up.

4 | DISCUSSION

4.1 | Differences in patients with DFU and with no-
DFU during follow-up

The present study highlights that the patients with future DFU
occurrence had distinctive characteristics in a set of parameters,
majority of which were related to an impaired sensation that is in line
with the previous studies'? in European, Middle Eastern?® and Afri-
can population.?! In addition, a significantly higher proportion of
patients who incurred future DFU had a history of ulceration (Large
effect size), which is in line with the findings in the Europeanlo'11
Middle Eastern?® and African®® populations.

Also with medium effect size, the significant majority of patients
who incurred future DFU had shown absent sensation to vibration
perception (in line with findings in Middle Eastern?® and European
population?®) or to Sharp/Blunt sensation; or having numbness or
pain sensation that is in line with studies in European population.**

However, with a small effect size, the significant majority of
patients who incurred future DFU showed paraesthesia. Interest-
ingly, the number of patients who had impairments with regard to
proprioception and burning sensation were not significantly different
between the two groups.

From the other categorical parameters, only muscle wasting and
dry skin were proportionately higher in the group with future ul-
ceration. The result on dry skin is in line with the study in African®?
and in the European®? populations.

Also with a small effect size, the group who ulcerated was
associated with having a higher proportion of patients with a history

of amputation, which is generally in line with previous studies in the

European population®® and with the studies in Middle Eastern®° and
African® populations.

The results of the current study indicate that a significantly
higher proportion of participants with retinopathy develop future
DFU, which is in line with the studies in the Middle Eastern popu-
lation?® and generally in line with the previous observations on the
association of DFU with visual impairment.*?

The results of the present study also highlight that the group
vulnerable to future diabetic foot ulcers have significantly higher
HbA1C and creatinine levels, which is in line with the previous finding
in the European®? population.

In addition, the results of the current study also indicate that a
significantly higher proportion of participants who developed a
future ulcer were males, which is in line with the previous findings in
the Middle Eastern population.2® However, these results of our study
is contrary to the previous studies on the European population
showed no association between sex and future DFU.11?

We also found that the group with future DFU was significantly
heavier (with a large effect size), which contradicts the results of a
previous study in which no significant differences in weight were
found for those with future DFU in the European®!! Middle

Eastern?® and African®? populations.

4.2 | Independent risk factors associated with
increased likelihood (odds) of future diabetic foot
ulcer

The associations between weight and HbA1C with increasing the
likelihood of DFU occurrence found in the present study are in line
with a study conducted on the pooled patient data from Europe and
North America.'?

Also, in the current study, male gender and retinopathy were
associated with increased likelihood (OR:2.873 and OR:2.778
respectively) of future DFU that is in line with the results of pooled
patient data from Europe and North America (OR:1.69 and OR:2.09
respectively).?

In this study muscle wasting was also found to significantly in-

crease the likelihood of future ulceration (OR:13.125) in line with our
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previous observations on the effect of diabetes on decreasing muscle
strength.??

Our results also indicate that having dry skin increases the risk of
ulceration (OR:7.000), which is in line with our previous observation
in the African population (OR:2.344).?' Furthermore, the results of
this study in which impaired sensation to monofilament (OR:30.738)
was found to be in line but much higher compared to the previ-
ous studies where (OR:5.61)! and (OR:2.525)?* were reported. Also,
impaired sensation to vibration (OR:20.087) that was associated with
an increased likelihood of future DFU in this study is higher
compared to OR:7.61 previously reported.'?

In the current study, we also found that insensitivity to sharp/
blunt (OR:23.390), paraesthesia (OR:3.900), numbness (OR:5.846),
and pain sensation (OR:6.917) increase the likelihood of future DFU
that have not been commonly assessed in previous studies.

On the other hand, amputation (OR:16.182) and ulceration his-
tory (OR:21.382) were found to be associated with future DFU,
which is generally in line with but higher than what was reported in
studies of pooled patient data from Europe and North America for
the presence of amputation (OR:10.31) and for the history of ulcer-
ation (OR:13.74).*

4.3 | Prognostic model to predict patients with
future DFU

Multiple logistic regression analysis indicated that the prediction
accuracy of the current model was 92.3% with a sensitivity of 78.9%
and specificity of 94.0%. The logistic regression model contained 4
predictor variables including insensitivity to monofilament, presence
of callus, presence of dry skin, and Onychomycosis.

The absence of sensation to monofilament (Adjusted
OR:116.082 [12.060-1117.287]), and the presence of callus
(Adjusted OR:6.257 [1.312-29.836]) were the only predictor vari-
ables that were statistically significant in the model, while the dry
skin (Adjusted OR:5.497 [0.866-34.896]) and Onychomycosis
(Adjusted OR:6386 [0.856-47.670]) non-significantly contributed to
the model in predicting the future incident of diabetic foot ulcer-
ation. Whilst the assessment of skin condition is fairly simple and
routinely checked in a clinic, the data itself is not recorded sys-
tematically and not available in larger cohorts. Therefore, it is
difficult to compare our results on skin status against the litera-
ture.’® Although this data is not available routinely in larger co-
horts, it is difficult to compare the result of this study on skin status
with the literature. However, in our previous prospective cohort
study of patients in Africa, we established that the dry skin con-
tributes to increased ulcer risk in patients with diabetic foot disease
and is a predictor of DFU.2?

It should be mentioned that the multivariate logistic regression
takes into account the effect of interrelationship between confound-
ing variables. The collinearities, interrelationships and co-dependence
between parameters were taken care of by the automated backward

stepwise selection algorithm. Also, the possible interdependency

between variables was taken care of by this model, as explained in the
methodology section that may be interrelated are taken into account.

Our proposed model outperformed the model based on three
risk factors PODUS multivariable prognostic model that is based on a
systematic review and individual patient data meta-analyses.'? When
the insensitivity to monofilament, absence of any pedal pulse, and
history of ulcer or amputation were used in our study (based on what
was proposed by PODUS), the sensitivity was only 50% and the
specificity was 96.1%, while the overall prediction accuracy was
90.6%. This meant that when only three risk factors proposed in
PODUS'? were to be used for the patient population in the current
study, only 1 out of 2 patients who ulcerated in 2 years of follow-up
could be identified.

Interestingly, the sensitivity and specificity, which were found in
this study based on the three risk factors PODUS-proposed model,
were respectively lower than 90.9%-95.6% and higher than 13.2%-
63.9% as reported in PODUS study.*?

Overall it is clear that both sensitivity (78.9%) and overall pre-
diction accuracy (92.3%) that were achieved in the current study
using the four risk factors (Insensitivity to monofilament, Presence of
callus, Presence of dry skin and Onychomycosis) are higher than what
is achieved using the three risk factors (absent pedal pulse, history of
ulcer and monofilament insensitivity) based on PODUS.*?

The area under ROC (area [95% Cl]) for the model developed in
this study was 0.876 [0.789-0.963], which was higher than the range
0.834 [0.794-0.873] as reported in the PODUS model.?® However,
when the data from the current study and using the three risk factors
(absent pedal pulse, history of ulcer, and monofilament insensitivity)
as suggested by PODUS'? were used, the area under the ROC was
0.907 [0.852-0.963]. While this can indicate overall better quality of
the model based on three risk factors as proposed by PODUS?
mainly due to marginally better specificity (i.e. 96.1% vs. 94% in the
current study), the 4 risk factor model proposed in the current study
shows to be more accurate due to better sensitivity and overall
prediction accuracy.

A recent study focused on the development and validation of a
clinical prediction rule for diabetic foot ulceration and was validated
for community settings.®> While it is envisaged that there is a need
for validation of such models in secondary settings,® bespoke
prognostic models such as the one developed in the current study are
needed to allow more accurate DFU predictions in the first place. The
prognostic model proposed in the current study can have such im-
plications. It is foreseeable that upon further validation, developing a
clinical prediction rule bespoke to predicting the risk of DFU in dia-
betic foot clinics at hospital settings could be materialised.

The 78.9% sensitivity achieved here in our study is much higher
than the 50% based on 3 risk factors suggested by the PODUS
model.'? However, this is still low, where at least 1 in 5 patients with
future DFU are missed in the prediction. In the future, the inclusion
of mechanical properties of plantar soft tissue?* should be consid-
ered, which could increase the model sensitivity.

When the average risk of DFU at 2 years of follow-up was
calculated based on the three risk factor PODUS model,? the
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predicted risk was 11.87 + 20.36%. The risk predicted by the pro-
posed model in this study based on 4 risk factors was
11.20 + 21.67%. These predicted values are very close to 11.82% (24
out of 203 participants ulcerated in 24 months) prevalence of DFU in
this study.

While in the present study the history of previous ulcer was
shown to be significant through univariate analyses, this parameter
did not stay in the final multivariate model. This is contrary to the
PODUS model*? where one of the risk factors for future ulceration
was reported to be a history of ulceration. However, the finding in
the current study may be because the presence of callus and neu-
ropathy already accounted for the contribution that the history of
previous ulcer could have in the model and hence history of pre-
vious ulcer did not stay in the final multivariate model. This would
point to the need for separate prognostic models in the future
where the risk of first ulcer or the risk of recurrence can be
assessed for a specific population. This knowledge combined with
the established strategies through systematic reviews such as insole
intervention?® and home monitoring of foot temperature?® can be
effective in decreasing the risk of ulceration in different risk cate-
gory populations.

Overall, we report that the models proposed based on the 4
parameters in the current study can more accurately predict the risk
of ulceration compared to what was proposed in PODUS.*? While
these have implications for developing stratification algorithms and
clinical prediction rules?® for specific patient populations, bigger
cohort studies can shed more light on the efficacy of such models in

accurately predicting DFU.
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