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for Clinical and Experimental Medicine, Few studies have examined factors associated with diabetic foot ulcer (DFU)
Videnska 1958/9, Praha 4, 14021, Prague, recurrence. Using data from patients enrolled in the prospective Eurodiale DFU study,
Czech Republic we investigated the frequency of and risk factors for DFU recurrence after healing

E-mail: michal.dubsky@gmail.com during a 3-year follow-up period. At our site, 93 Eurodiale-enrolled patients had a

healed DFU. Among these, 14 were not alive; of the remaining 79 patients we enrolled
73 in this study. On entry to the Eurodiale study, we assessed demographic factors
(age, sex and distance from hospital); diabetes-related factors [duration, and glycated
haemoglobin (HbAlc) levels]; comorbidities (obesity, renal failure, smoking and
alcohol abuse) and DFU-related factors [peripheral arterial disease, ulcer infection,
C-reactive protein (CRP) and; foot deformities]. During the 3-year follow-up period, a
DFU had recurred in 42 patients (57-5%). By stepwise logistic regression of findings
at initial DFU presentation, the significant independent predictors for recurrence were
plantar ulcer location [odds ratio (OR) 8-62, 95% confidence interval (CI) 2-2—33-2];
presence of osteomyelitis (OR 5-17, 95% CI 1-4-18-7); HbAlc > 7-5% ([DCCT],
OR 4-07, 95% CI 1-1-15-6) and CRP > 5 mg/l (OR 4-27, 95% CI 1-2—15-7). In
these patients with a healed DFU, the majority had a recurrence of DFU during a
3-year follow-up period, despite intensive foot care. The findings at diagnosis of the
initial DFU were independent risk factors associated with ulcer recurrence (plantar
location, bone infection, poor diabetes control and elevated CRP) and define those at
high risk for recurrence, but may be amenable to targeted interventions.
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Introduction Key Messages

Ulcerations of the foot are among the most serious com-
plications of diabetes mellitus as they are perhaps the most
common reason for diabetes-related hospitalisation and may
lead to lower extremity amputations. Diabetic foot ulcers

o the annual risk of developing a DFU in most unselected
diabetic populations is approximately 2%, but for a
patient who has had a previous DFU the risk of another
over the next 3 years increases to 17-60%

(DFUs) result from various factors that lead to breakdown of o this study, conducted in 14 European centres, was
the skin, including peripheral neuropathy, peripheral arterial designed to investigate characteristics of diabetic patients
disease (PAD), foot deformity, limited joint mobility, hyperk- with a foot ulcer and to assess factors that influence
eratosis, pedal oedema and ill-fitting shoes (1,2). Other factors management strategies in diabetic foot disease

may also lead to poor wound healing, such as soft tissue o the study followed up over 1200 patients with a new
or bone infection, repetitive trauma, improper wound man- DFU for 12 months (or until complete healing) to assess
agement, late presentation or poor patient adherence to the a wide variety of factors affecting healing

treatment regimens (3—5). Wound healing is the ultimate goal
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Risk factors for diabetic ulcer recurrence

o the aim of our study was to assess the frequency of ulcer
recurrence in patients with a healed DFU followed up in
our centre for the 3 years after completing the Eurodiale
study, and to identify risk factors for recurrence

e our results show a high recurrence rate of DFU during 3-
year follow up in patients with a primarily healed ulcer,
despite regular follow-up and patient education

e we also found that the independent risk factors for
ulcer recurrence were plantar location of the ulcer, the
presence of underlying osteomyelitis, poor glycaemic
control and an elevated CRP at the time of diagnosis of
the first foot ulcer

e knowing these risk factors may allow clinicians and
health-care systems to target heightened efforts at pre-
vention of reulceration after healing for selected high-
risk patients

of treating patients with DFU and requires a complex
approach (6). The annual risk of developing a DFU in most
unselected diabetic populations is approximately 2% (7), but
for a patient who has had a previous DFU the risk of another
over the next 3 years increases to 17-60% (8).

Recurrent foot ulcerations are often long-standing and
associated with deterioration of the patient’s health status;
they may have negative effects on the patient’s quality
of life and adherence to recommended self-care regimens,
which are sometimes not recognised by their physicians (9).
Furthermore, these recurrent ulcers increase the long-term
costs for DFU management, especially if they require home
care services or result in an amputation (10). Because a
history of a previous DFU is the strongest risk factor for
developing another, the International Consensus for Diabetic
Foot recommends that these patients have their feet inspected
by a specialist every 1-3 months (1). Lower risk patients
may, however, not need this intensive surveillance. There are
currently only limited data concerning which patient-related
factors are most predictive for ulcer recurrence (1,11,12).

The recently conducted, large, prospective, multicentre,
observational Eurodiale study assessed the risk factors for
DFU (13). This study conducted in 14 European centres
was designed to investigate the characteristics of diabetic
patients with a foot ulcer and to assess factors that influence
management strategies in diabetic foot disease. The study
followed up over 1200 patients with a new DFU for 12 months
(or until complete healing) to assess a wide variety of factors
affecting healing (14). The mean minor amputation rate for
all patients in the Eurodiale study was 18% and was mainly
dependent on depth of the ulcer, presence of PAD or infection
and male sex (15). The aim of our study was to assess the
frequency of ulcer recurrence in patients with a healed DFU
followed up in our centre for the 3 years after completing the
Eurodiale study, and to identify the risk factors for recurrence.

Methods

All patients from our medical centre who were included in
the original Eurodiale study and had a healed DFU (defined
as fully epithelialised wound that remained closed for at least
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6 weeks) were eligible for this study. The protocol for the
study is shown in Figure 1. Of the original 120 patients we
enrolled, 93 had a healed ulcer (after a minor amputation
in 10); of these, 14 patients were not alive and 6 missed
regular preventive visits at our foot clinic and declined further
participation during the 3-year follow-up period. Among the
remaining 73 patients who completed this study, 59 (80-8%)
regularly visited our foot clinic to monitor the status of their
foot. We contacted the remaining 14 patients who discontinued
regular follow-up at our foot clinic over telephone or by mail
and conducted a structured interview to determine if they had
sustained any foot lesions or ulcerations. These latter patients
were also followed up by a local diabetologist every 3 months,
who treated them for any new ulcer occurrence at a local
surgical or foot clinic.

We investigated potential risk factors for ulcer recurrence,
by selecting items similar to those in previously published
studies of risks for developing a DFU (2,5,8). Using informa-
tion obtained from the Eurodiale study (14), we divided these
risk factors into four categories (Table 1).

1. Demographic factors: age (in years), sex and distance
of their residence from our medical centre.

2. Diabetes-related factors: type of diabetes treatment
(percentage receiving insulin), poor glycaemic control
— HbAlc >7-5% (DCCT) and duration of diabetes.

3. Comorbidities: end-stage renal disease (defined as
needing dialysis), overweight or obesity (defined as a
body mass index >27 kg/m?), chronic alcohol usage
(defined as drinking more than 1 IU/day) and smoking
(any amount of any type of tobacco).

4. DFU-related factors: PAD [defined as an ankle-brachial
index (ABI) <0-9 or the absence of both foot pulses
on the study foot] (13, 16); osteomyelitis (diagnosed by
clinical features and plain X-ray findings); Charcot foot
(diagnosed by a presence of >2°C difference in skin
foot temperature between the two feet and plain X-ray
and/or radionuclide bone scan compatible with Charcot
foot); DFU infection [as defined by the International
Working Group on the Diabetic Foot (17); elevated
C-reactive protein (CRP) level (defined as >5 mg/l];
ulcer location [‘plantar’ (covering plantar surface of
the forefoot, mid-foot or heel) or ‘non plantar’ on
(dorsum of the foot, toes or heel)]; DFU size; DFU
depth (a deep ulcer was defined as one extending below
the subcutaneous tissue, e.g. down to muscle, fascia,
tendon or bone); history of previous lower extremity
amputation; culture with multiresistant organisms and
days to complete DFU healing.

We assessed all DFU patients for these risk factors at
their entry visit for the Eurodiale study — all blood sam-
ples (CRP) were collected at the time of enrolment. Once
their ulcer healed, enrolled patients were treated by standard-
ised methods on a regular basis, either in our foot clinic or
at nearby foot centres. Those requiring pressure offloading
received therapeutic shoes, orthotics or a total contact cast,
as indicated. For infected ulcers, we prescribed appropriate
antibiotic therapy. For those with severe PAD, a surgeon or
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Figure 1 Design of our follow-up study.

radiologist performed an appropriate revascularisation proce-
dure, if needed and technically possible. We also provided
an individualised foot educational program for all patients,
both initially and during the check-up visits they had every
1-3 months (1). We defined ulcer recurrence after complete
healing of the original DFU as the development of a new
full-thickness lesion on the studied foot during the follow-up
period.

We conducted statistical analyses using a x2 test and for-
ward stepwise logistic regression and calculated univariate
odds ratios (ORs) and their respective 95% confidence inter-
vals (Cls). We also evaluated all potential predictors of DFU
recurrence in a multivariable regression analysis. Finally, we
compared the percentage of correct classifications based on a
risk factor model we developed for patients with DFU recur-
rence (sensitivity) or without recurrence (specificity). The final
model was calculated from the estimated logistic regression
equation: logit (P) = a + byx1 + baxa + b3x3 + baxa, where
x; is the explanatory variable (e.g. osteomyelitis) with value
1/0 corresponding with present/not present, logit (P) is the
predicted value of logit (P), where P is the probability of reul-
ceration [logit(P) = In(P/(1 — P))], a is the constant term,
by, by, b3 and by are the estimated logistic regression coeffi-
cients. The equation, based on the results of our study, was of
the form: logit (P) = —3-0 + 2-15 x plantar location + 1-64
x osteom yelitis + 1-41 x HbAlc +1-50 x CRP. A case
is predictive to be in group ’recurrence’ if the probability is
greater than the cut-off point of P = 0-275.

We generated receiver operating characteristic (ROC)
curves to determine the association of CRP levels with ulcer
recurrence, and analysed the sensitivity, specificity, positive
and negative predictive values for different CRP cut-off levels.

© 2012 The Authors

We calculated the Youden index, a summary measure of the
ROC curve that both measures the effectiveness of a diagnos-
tic marker and enables the selection of its optimal threshold
value (cut-off point), using the formula: sensitivity + speci-
ficity — 100.

Results

During the 3-year follow-up period, a foot ulcer recurred in
42 (57-5%) of 73 patients (Figure 1). The recurrence rate
was significantly higher (39-7%) in the first year than in
the second year (18:1%, P = 0-027) and third year (12-8%,
P = 0-006; Figure 2). There was no significant difference
in DFU recurrence rate in patients followed up regularly
in our foot clinic [34/59 (57-6%)] when compared with
those followed up at the other local foot or surgical clinics
[8/14 (57-1%)]. The prevalence of potential predictors of
ulcer recurrence in the patients with and without a new
foot ulcer during follow-up is shown in Table 1. Multivariate
stepwise logistic regression of all potential risk factors for
DFU recurrence showed that the only independent predictors
were plantar location of the ulcer, presence of osteomyelitis,
HbAlc > 7-5% and CRP > 5 mg/l (Table 2). The predicted
probability of DFU recurrence based on the final estimated
logistic regression equation model had a 90-5% sensitivity
(correctly classifying the group with recurrent DFU) and 55%
specificity (correctly classifying the group without recurrent
DFU).

We performed a subanalysis of the association between
osteomyelitis and reulceration. Among the 73 patients with a
healed DFU, the 30 (42-9%) diagnosed as having osteomyeli-
tis had a significantly higher risk of recurrence than those
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Table 1 Potential risk factors for ulcer recurrence
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Factors With recurrence n = 42 Without recurrence n = 31 P
Demographic factors

Age (years) 59.8 + 8.9 62:5 £+ 101 NS
Sex: male/female 36/9 25/6 NS
Distance from hospital >15 km 69-0% 58-1% NS
Diabetes-related factors

Diabetes duration >10 years 81% 71% NS
Diabetes treatment with insulin 81% 74-2% NS
Poor glycaemic control (HbATc >7-5%) 83-3% 54.8% 0-079
Comorbidities

Overweight (BMI >27 kg/m?) 59.5% 42.9% NS
Smoking (active) 9:5% 12.9% NS
Chronic alcohol usage 42.9% 48-4% NS
End-stage renal disease 11.9% 6-5% NS
DFU-related factors

Peripheral arterial disease 214% 19:4% NS
Osteomyelitis 54.8% 22:6% 0.0124
Charcot foot 21-4% 12:9% NS
Clinical signs of DFU infection 21-4% 29.0% NS
Elevated CRP (>5 mg/l) 71:5% 48-4% 0-0454
Plantar location of DFU 61-5% 16-1% 0-0001
Ulcer size >5 cm? 11-9% 12:9% NS
Deep ulcer depth (subcutaneous) 38:1% 322% NS
Ulcer duration >3 months 23:8% 32:3% NS
Foot deformity 71-4% 67-7% NS
Previous ipsilateral amputation 9:5% 12.9% NS
Previous contralateral amputation 71% 9-7% NS
Multiresistant microorganisms 4-8% 6:5% NS
Days to complete healing 154.4 + 821 149.2 + 83.9 NS

DFU recurrence rate during 3-year follow-up

*%

100+
39.7%

80+

—_————

18.1%

60+

40+

% of healed patients

1. year

Time (months)

Figure 2 Timing of recurrence of diabetic foot ulcer during 3-year follow-
up after initial ulcer healing.

without osteomyelitis (54-6% versus 22-6%, respectively, P =
0-012) (Table 1). Of those with osteomyelitis, there was no
significant difference in the rate of reulceration between those
treated with antibiotic therapy alone [16/22 (73%)] or com-
bined with surgical resection (7/8 [87%]). Similarly, there was
no difference in the recurrence rate of osteomyelitis localised
to the toes versus other foot locations [13/17 (76-5%) and
10/13 (77%), respectively]. In analysing different cut-off val-
ues of CRP, a value above the upper limit of normal (>5 mg/l)

Table 2 Multivariate stepwise logistic regression — independent risk
factors statistically significantly associated with ulcer recurrence

Coefficient
Factors (In OR) OR 95% Cl
Plantar location of the ulcer 2.15 8.62 2:2-33-2
Osteomyelitis 1.64 5.17 1.4-18.7
HbA1c >7-5% 14 4.07 1.1-15-6
CRP =5 mg/I 145 4.27 1.2-15.7
Constant -3.0

In — decadic logarithm.

was a better predictor of ulcer recurrence than using double
or triple the upper normal range, with the highest sensitiv-
ity, acceptable specificity and Youden index (ROC curve in
Figure 3).

Discussion

This 3-year prospective follow-up study of patients with a
healed DFU showed a high incidence of ulcer recurrence
(57-5%). These results are similar to a few previously reported
studies investigating this issue. In a prospective study of a
cohort of 81 diabetic patients who were at high risk for foot
ulceration, Peters et al. reported a rate of reulceration of 60-5%
during a mean follow-up period of 31 months (18). Similarly,
among 468 patients with a DFU that healed either primarily
or after minor or major amputation, Apelqvist et al. showed
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ROC curve for prediction of DFU recurrence by CRP
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Figure 3 Predictive cut-offs of CRP values.

3-year DFU recurrence rate of 61% (8). Ghanassia et al. also
reported a similar recurrence rate (60-9%) among 89 patients
during a mean follow-up of 79 months (19).

We also identified that among wide spectrum of potential
risk factors analysed in the Eurodiale study, those that were
independently associated with recurrent foot ulcers were
plantar location, presence of osteomyelitis, elevated level of
HgAlc and elevated CRP. In light of the high risk of a
recurrent ulceration, we believe that it would be appropriate
to develop prevention programmes that focus on patients
identified as being in the highest risk groups. This might also
include efforts to educate the patients and their health care
providers on methods that have been shown to be effective in
preventing DFU (20).

In our study, as in the one reported by Peters et al. (18),
the risk factor with the highest association with reulceration
was plantar location of the initial ulcer. The likely explanation
for this finding is that the ulcers located on plantar surface of
an insensitive foot are exposed to repetitive injury and are
under higher pressure than those in other locations (21). Most
of the ulcers (75-3%) in our study were located on plantar
surface of the foot, a finding that differs from the baseline
results of the entire Eurodiale study (13), in which only 48%
of ulcers were plantar. As the prevalence of PAD was similar
among patients with plantar and non-plantar location of the
ulcer, plantar ulcers were not more often neuropathic than
those in other locations. As reported by others (18,22), we
found that neither greater ulcer size nor depth at baseline was
a significant predictor for reulceration.

Although clinical signs of infection, such as frank puru-
lence, local warmth, erythema, lymphangitis, induration, pain,
fever and foul smell (5,17), did not significantly differ
between the groups with and without reulceration, radiograph-
ically diagnosed osteomyelitis was a strong predictor of ulcer
recurrence in our study. This finding may be related to the dif-
ficulty of effectively treating chronic osteomyelitis, which can
persist despite antibiotic and surgical therapy. This ineffec-
tive treatment may result from poor penetration of antibiotics
as well as the formation of biofilm into osteomyelitic bone.
This persistent infection can lead to recurrent ulceration of
the overlying skin, which was confirmed by the results of
our study which showed that recurrent ulcers were near the

© 2012 The Authors
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site of the initial osteomyelitis and spreading of infection ’per
continuitatem’ is possible. Some previous studies have also
reported that the presence of underlying osteomyelitis was a
predictor of reulceration, as well as amputation, in patients
with diabetic foot complications. In a study by Yesil et al. of
510 patients with a DFU, osteomyelitis was a significant risk
factor for major amputation (23). Kowalski et al. (24) found
that residual osteomyelitis at the surgical margin after bone
resection in 111 patients was associated with a higher rate of
treatment failure; more proximal amputation was required in
43% patients with positive margins versus 15% with negative
margins (P = 0-001), despite the longer duration of antibiotic
therapy for the former. Among 65 patients with surgically
treated osteomyelitis, Aragon-Sanchez et al. reported reulcer-
ation in 43% and a new episode of osteomyelitis in 17% (25).
All patients at our centre diagnosed with osteomyelitis were
treated with systemic antibiotics and surgical procedures, if
needed, in accordance with the International Consensus rec-
ommendations (1). We found no significant difference in the
recurrence rate of DFU in patients who did or did not have
a surgical resection (87% versus 73%, respectively), which is
in accordance with published data (26,27).

We found that an elevated CRP level at the time of
enrolment in the Eurodiale study was an independent risk
factor for reulceration. The elevated CRP at presentation was
likely attributable to infection in the foot ulcer, as the patients
did not have evidence of other infectious or inflammatory
diseases during our clinical examination. Several other studies
have documented the usefulness of CRP for detection of
DFU and for determining the prognosis for ulcer healing or
amputation. Jeandrot et al. (27) have shown that an elevated
CRP level was a good indicator in detecting infection among
diabetic patients with a foot ulcer (17). In a prospective
study of patients with a diabetic foot infection, Lipsky et al.
reported that elevated levels of CRP were associated with
failure of therapy of infected DFU (28). Some studies have
demonstrated that an elevated CRP level is associated with an
increased risk of lower extremity amputations in patients with
a DFU (23,29), but to our knowledge there are no previously
published data on the predictive value of CRP for DFU
recurrence. We found that the most sensitive CRP cut-off
for predicting recurrence was above the upper normal range
(>5 mg/l).

Poor glycaemic control, defined as HbA;c > 7-5%, was
also a significant risk factor for re-ulceration in our study.
In a 2-year study by Mantey et al., HbAlc was significantly
higher in those with a DFU recurrence compared to those
without a recurrence (P = 0-03) (30).

Connor et al. also reported a relationship between HbAlc
and a higher rate of ulceration per 10 years in patients
with neuropathic foot ulcers (11). It is possible that poor
long-term glycaemic control may impair wound healing, but
it may also reflect poorer patient compliance with various
preventive measures, such as self-monitoring of glycaemic
control (11,31) and adherence to treatment recommendations
for DFU. A higher rate of ulcer recurrence may also be
associated with insufficient patient education and lack of
psychological support (32).
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PAD has been found to increase the risk of DFU in several
reports (1,33). Unlike in some other studies (18,23), we found
that the presence of PAD was not a predictor for ulcer
recurrence. This discrepancy may be explained by the use
of different definitions of PAD in the studies and by their
varied prevalence of previous revascularisation procedures [in
the Eurodiale study revascularisation was performed before
enrolment in 10 of 73 (13-7%) patients in our centre]. This
may have led to these patients not being classified as having
PAD (defined as an ABI of <0-9 and compatible clinical
signs).

In general, for preventive programs, interventions with
a higher sensitivity are preferable. In our study the final
model for predicting ulcer recurrence, as determined by the
estimated logistic regression equation, is in accordance with
this prerequisite — the group with recurrent DFU was correctly
classified in 90-5%, whereas the group without recurrent DFU
was correctly classified in 55%. Our study however had
several limitations. We enrolled a relatively small number
of patients and not all our patients were regularly followed
up after healing at our own foot clinic. Those who were
not, however, were contacted by podiatric professionals to
obtain and verify follow-up information. This is one of the
few studies that investigated the rate of, and risk factors for,
recurrent ulceration in patients with a DFU. It was a single-
site study conducted by Eurodiale investigators with extensive
experience in treating DFUs.

In summary, our results show a high recurrence rate of DFU
during 3-year follow-up period in patients with a primarily
healed ulcer, despite regular follow-up and patient education.
We also found that the independent risk factors for ulcer
recurrence were plantar location of the ulcer, the presence
of underlying osteomyelitis, poor glycaemic control and an
elevated CRP at the time of diagnosis of the first foot ulcer.
Knowing these risk factors may allow clinicians and health
care systems to target heightened efforts at prevention of
reulceration after healing to selected high-risk patients.
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