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Abstract 
Aim 
Mortality rate is decreasing in people with diabetes but if this observation also concerns 
patients with diabetic foot ulcer (DFU) needs additional data. This study evaluated the 
mortality rate at 5 years in patients with a DFU occurring in the years 2009-2010 and 
identified risk factors associated with mortality. 
Methods 
Patients who successively attended for a new foot ulcer between in 2009-2010 were followed 
until healing and at one year. Data on mortality were collected at year 5. Multivariate Cox 
proportional Hazard model was used to identify mortality risk factors. 
Results  
Three hundred and forty-seven patients were included: mean age was 65±12 y, diabetes 
duration was 16 [10; 27] years; 13 % were on dialysis and 7 % had an organ graft. At 5 years, 
49 patients (14%) were considered lost to follow up. The total mortality rate at 5 years was 35 
%, and 16% in patients with neuropathy. In multivariate analysis, mortality was positively 
associated with age (HR 1.05 [1.03-1.07], p < 0.0001); duration of diabetes (HR 1.02 
[1.001-1.03], p = 0.03);  PEDIS perfusion grade 2 vs 1 (HR 2.35 [1.28-4.29], p = 0,006); 
PEDIS perfusion grade 3 vs 1 (HR: 3.14 [1.58-6.24], p=0.001), and with the duration of 
ulcer during the first year (HR 2.09 [1.35-3.22], p=0.0009).  
Conclusion 
Mortality rate was not as high as expected despite a high number of co-morbidities, 
suggesting that progress has been made in health care of these patients. Particularly, patients 
with neuropathic foot ulcer had a survival rate at 5 years of 84%.  
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Abbreviations 

ABI Ankle brachial index  

CLI Critical limb ischemia  
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DFU Diabetic foot ulcer 

PAOD Peripheral artery occlusive disease 

PEDIS Perfusion, Extent, Depth, Infection, Sensation 

Introduction 

Diabetic foot ulcer (DFU) is an economic burden for many countries and induces a dramatic 
decrease in physical, emotional, and social functioning for patients [1, 2]. It is associated with 
advanced micro and cardiovascular complications, resulting in high morbidity and a greater 
risk of premature death [3]. The major cause of death in DFU is ischemic heart disease [4, 5]. 

Studies regarding long term survival in patients with DFU are scare, but data coming from 
cohorts formed before the 2000s, reported mortality rates around 45% at five years [4-6]. 
However life expectancy has improved for the last years in people with diabetes [7, 8], and 
therapeutic options for DFU have made progresses and are now the topic of robust 
international guidelines [9]. A single study in 2008 [5] suggested that survival in people with 
DFU before and after the 2000s could have increased, but these optimistic results were not 
confirmed in another study published in 2012 [10]. 

The main aim of our study was thus to determine the years 2010 life expectancy in patients 
with DFU. Identifying patients with DFU who are at high risk of premature death is important 
to choose the best therapeutic project with each patient. Thus secondary objective was to 
identify the years 2010 predictive factors for five-year mortality in patients with DFU. 

Methods 

Population  

Between March 2009 and December 2010, all patients with diabetes and a new foot ulcer who 
attended a multidisciplinary diabetic foot center in a University Hospital (Paris, France), were 
successively included in this cohort. Patients gave oral consent for participation and agreed to 
be contacted (them or their family relatives) to obtain information on their outcomes. The 
study was in accordance with ethical legislation in France. 

ClinicalTrials.gov registration no. NCT03782129 

Wound healing date was recorded until 12 months after inclusion. Five years after 
inclusion, patients or their family relatives or their family physician were contacted by phone 
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to know if they were still alive. If necessary we consulted clinical files or the registry office of 
the patient’s birth town hall. If there was no mention of death on birth certificate, the patient 
was considered to be still alive. If the patient was not born in France, and the information 
could not be obtained, the patient was considered lost to follow-up. 

Foot ulcer management 

All patients with DFU were treated according to the most recent guidelines from the 
International Working Group on the Diabetic Foot (IWGDF), particularly for Peripheral 
Artery Occlusive disease (PAOD), and the French Society of Infectious Diseases.  
Hospitalization was required in case of wound complications. 

Database 

At inclusion data were collected for the following variables: age, sex, diabetes type and 
diabetes duration, insulin therapy, BMI, dialysis, kidney or pancreas-kidney transplant, active 
smoking, presence of a relative at home or not, date of ulcer occurrence, history of previous 
DFU or amputation. Severity of ulcer was graded according to the University of Texas 
Diabetic Wound Classification System [11] and to the PEDIS (Perfusion, Extent, Depth, 
Infection, Sensation) classification system [12].  

In the PEDIS classification peripheral arterial occlusive disease  (PAOD) is grade 2 if 
presence of symptoms or signs of PAOD but not of critical limb ischemia (CLI): presence of 
intermittent claudication or Ankle Brachial Index (ABI) <0.9 (but with systolic ankle pressure 
>50 mmHg) or Toe brachial Index <0.6 (but with systolic toe blood pressure >30 mmHg) or 
Transcutaneous Pression of O2 (TcPO2) is 30-60mmHg or other abnormalities on non-
invasive testing, compatible with peripheral arterial disease but not with critical limb 
ischemia. Peripheral arterial disease is grade 3 (critical limb ischemia) if systolic ankle 
blood pressure is < 50 mmHg or systolic toe blood pressure is < 30 mmHg or TcPo2 < 30 
mmHg.  

The PEDIS classification for sensation is as follow: grade 1= a normal sensation, grade 2 
= a loss of sensitivity to the monofilament, and grade 3= presence of a chronic Charcot 
foot. 

  

Objective and outcome 

The objective of our study was to determine mortality rate at 5 years. The secondary objective 
was to identify the independent predictors of five-year mortality in patients with diabetic foot 
ulcer. 
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Statistical analysis  

Continuous variables are reported as mean ± standard deviation (sd) or median [Q1; Q3] and 
are compared using Wilcoxon rank sum test. Categorical variables are reported as number and 
percentage (percentages were calculated excluding missing data) and are compared by Chi-2 
lcertest or Fisher’s exact test, as appropriate. Missing data had not been imputed. 

Time to death after inclusion was analyzed using Kaplan Meier method. Estimate rate at 1, 3 
and 5 years and their 95% confidence interval (CI) are presented. Patients who were known to 
be alive at five-year or lost-to follow up were censored at five years or at the last contact 
date. For some patients, information on death was known, but the date of death could not be 
recovered. In order to take these patients into consideration, 2 analyses were performed: these 
patients were considered as deceased at the latest available date of follow-up plus 1 day 
(primary analysis) and censored at the latest available date of follow-up (sensitivity analysis). 

Risk factors of death were looked for among patients’ and disease’ characteristics (age, sex, 
ulcer duration, body mass index (BMI), lifestyle, type 2 diabetes, insulin treatment, diabetes 
duration, hemodialysis, active smoking, PEDIS perfusion, PEDIS sensation, University of 
Texas Diabetic Wound Classification System, acute hospitalization and ulcerduration during 
the first year of follow up (as time-dependent covariate) using Cox proportional Hazard 
model. Univariate analysis (p<0.15) were first performed to select potential explanatory 
variables that were subsequently tested in multivariate model (stepwise method). The 
results were interpreted in terms of adjusted hazard ratios (aHR) with their associated 95% 
CI. 

A p-value <0.05 was considered significant. All statistical analyses involved the use of SAS 
release 9.4 (SAS Institute Inc, Cary, NC) statistical software package. 

Results 

Three hundred and forty-seven (347) patients were included. Five years after inclusion 49 
(14%) patients were lost to follow up (Figure 1).  

The main characteristics of the patients at inclusion are given in Table 1. Sixty eight % were 
male and mean age was 65 +/- 12 years. Most patients were retired (62 %) and did not live 
alone (77 %). Eighty nine % had type 2 diabetes, 71 % were treated with insulin and duration 
of diabetes was 16 [10; 27] years. Fourteen % of patients were active smokers, 13% were on 
dialysis and 7 % had a organ transplant (4% a kidney and 3% a kidney-pancreas transplant). 
Seventy % of patients had peripheral arterial disease (PAOD) and 17 % had grade 3 PAOD 
according to PEDIS classification (e.g. supplemental Table S1). Nine % of patients had grade 
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3 neuropathy (chronic Charcot foot) according to PEDIS sensation classification. 50% of 
patients were admitted to hospital at baseline for wound management. 

Median wound duration at inclusion was 49 [19; 120] days. The distribution of ulcer 
gradation according to PEDIS classification and University of Texas Diabetic Wound 
Classification System is given in supplemental Tables S1 and S2. 

Compared with patients not lost to follow-up (N=298), patients lost to follow up (N=49) had 
a longer ulcer duration at inclusion (66 [30; 155] versus 46 [18; 114] days; p=0.04), a more 
frequent grade 4 infection (6% versus 0.3%; p=0.018) and they required more frequently to be 
admitted (68 versus 48%; p =0.02). But they were not different for age, diabetes duration, 
severe comorbidity like dialysis or organ graft, and pedis perfusion classification. 

According to Kaplan Meier method, the non-healing rate at one year of follow up was 
32.8% [27.4; 38.3]. 

Mortality rate 

The five-year mortality rate was 35% [30; 41] (primary analysis). Mortality rate was 10% at 
year 1 and 25% at year 3. (Figure 2a). 

Independent predictors of five-year mortality  

Mortality at year 5 was associated with age, diabetes duration, dialysis, PEDIS perfusion 
grade, PEDIS sensation grade, wound University of Texas classification stages C,D and ulcer 
duration during the first year of follow up (Table 2).  

Independent predictors of five-years mortality were higher age, higher diabetes duration, 
PEDIS perfusion grade 2 or 3, and ulcer duration during the first year of follow up (Table 
3). These results were consistent in the sensitivity analyze (data not shown). 

Mortality rate according to PEDIS perfusion grade is shown in supplemental table S3 and 
survival curves in Figure 2b. Patients with grade 1 PEDIS perfusion (no peripheral arterial 
disease, neuropathic foot ulcer) had a survival rate of 100, 91 and 84% at respectively 1, 3 
and 5 years. 

Discussion 

The 5-year mortality rate of patients presenting a new diabetic foot ulcer in the years 
2009-2010 was 35%. The most appropriate study to make a comparison with our data is the 
one of Morbach and col [10] on patients presenting with DFU in 1998-1999, because patients 
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seems to be nearly comparable. Despite a bit higher rate of severe comorbidities in our cohort 
compared with Morbach’s one (respectively 13% of patients on dialysis versus 4%, 70% of 
patients with peripheral arterial disease versus 55%) we found a lower mortality rate: 35% 
compared with 46%. Importantly in patients without peripheral arterial disease (isolated 
neuropathy) the mortality rate in our cohort is much smaller (16%) and twice as lower than in 
the Morbach’s cohort (30%). The difference is smaller for patients with peripheral arterial 
disease, but presents: 43% compared with 59%.  The mortality rate in our cohort is also lower 
than in others cohorts followed before the years 2010 [6, 13]. These results suggest that life 
expectancy has improved in patients with diabetic foot ulcer. 

Young and col in 2008 [5] already suggested this increase in life survival in patients with 
diabetic foot ulcer. They even reported a low 27% mortality rate, but patients in their cohort 
were younger than in our (62 years old versus 65) with a shorter duration of diabetes (14 
years) and a less frequent peripheral arterial disease (50%), all these factors influencing 
mortality.  

Interestingly in a recent national observational study including patients with an active 
diabetic foot ulcer in the 2008-2011 years, identified from a diabetes register, the percentage 
of people who died during a 2 year follow up period was 16% [14], so next to the one 
observed in our study (see fig 2). 

An improvement in life expectancy has been recently described in people with diabetes (type 
1 and type 2) [8]. This is probably explained by a combination of advances [15] among which 
a better management of cardiovascular risk factors. The first cause of mortality in patients 
with diabetic foot ulcer is a cardiovascular event which explains 50% to 75% of deaths [4, 5, 
16], and we can suppose that the better management of cardiovascular risk factors also regard 
these patients. Another explanation could be the improvement of foot ulcer management 
observed in the last years, with a lower rate of major amputation when patients are referred to 
diabetic foot ulcer centers, like in the current cohort where the major amputation rate was 
10% at year 1 (data not shown). This may improve health related quality of life and decrease 
depression, two components that are predictive of mortality [17, 18] in this population. 

In our cohort, the strongest independent predictive factor of mortality at year 5 was severe 
peripheral arterial disease (grade 3 of the PEDIS classification), which is an expected risk 
factor for mortality [5, 10]. It is assumed that the severity of peripheral arterial disease is a 
strong reflection of the general health and cardio-vascular patient’s condition. Interestingly 
the wound duration during the first year was another important independent factor 
associated with 5-year mortality (HR: 2.09). To our knowledge, no previous studies have 
already tested the association with this variable. The persistence of a non-healed foot ulcer 
exposes to infection, but this is not a frequent cause of mortality, and PEDIS infection was 
not associated with mortality in our study (data not shown). It is more likely that a 
prolonged non healed ulcer reflects the presence of several factors that may increase the risk 

  7



of death, like undernutrition, depression, carelessness and poor adherence to treatments. In the 
Eurodial study [19] a low health-related quality of life (HRQoL) especially in the physical 
domain, was associated with death in people with DFU after adjustment for possible 
confounders. Authors suggested that strategies that improve mobility, reduce pain, and enable 
patient to better perform daily activities might have beneficial effects on the outcome, in 
addition to biomedical interventions focused on wound treatment. Depression which can 
reduce self-care is also associated with mortality at five years in people with diabetic foot 
ulcer [18].  

The strengths of our study are the high number of patients, the prospective design and the low 
rate of lost to follow up. Weaknesses of our study are the monocentric recruitment, the 
absence of a comparative group, and the absence of data on drug therapies and causes of 
death. 

Conclusions 

In the years 2009-2010, mortality rate at year 5 of patients presenting with a new diabetic 
foot ulcer is not as high as observed before the 2000s, suggesting that these patients benefit 
of a better health care like all people with diabetes. This result emphasizes that diabetic foot 
ulcer should not be considered as a terminal illness, and that clinicians need to address risk 
factors for mortality aggressively in these patients to improve chances of survival. Particularly 
in patients with neuropathic foot ulcer, the chance to be still alive after five years is high: it 
concerns 84% of patients. Importantly, patients with a long duration non-healed ulcer are at 
high risk of mortality at five year independently of peripheral arterial disease and age. 
These patients could probably have benefit of a better global care, taking into account 
nutrition, psychological health and daily well-being, but this remains to be tested in future 
studies. 
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Figure 2 
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Table 1.  Baseline characteristics of patients (n=347 

Data are expressed as mean +/- SD, median [Q1; Q3] or N (%) 
* Kaplan-Meier estimate [95% CI] 

number of missing 
observations

Age (year) 65 +/- 12 0

Men (%) 237 (68.3) 0

BMI (kg/m2) 28.5 +/- 6.0 22

Active smoking (%) 48 (14.4) 13

Do not live alone (%) 256 (76.9) 14

Dialysis (%) 44 (12.7) 0

Type 2 diabetes (%) 308 (89.0) 1

Duration of diabetes (years) 19 +/- 12 4

Insulin treatment (%) 245 (71.4) 4

Duration of foot ulcer (days)  49 [19; 120] 3

Acute hospitalization at baseline 
(%)

154 (50.2) 40

PEDIS Perfusion (%) 
     1  
     2  
     3 

105 (30.3) 
184 (53.0) 
58 (16.7)

0

PEDIS Sensation (%) 
     1 
     2 
     3

58 (16.7) 
259 (74.6) 

30 (8.6)

0

TEXAS Classification (%) 
     A 
     B 
     C 
     D

87 (25.1) 
50 (14.4) 
97 (28.0) 

113 (32.6)

0
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Table 2: Predictors of five-year mortality 

Factors Univariate analysis 
HR [95% CI]                       
p-value

Multivariate analysis* 
aHR [95% CI]                     p-
value

Age  
(per additional year)

1.06 [1.04; 1.08]                
<0.001

1.05 [1.03; 1.07]                 
<0.001

Sex (female vs. male) 1.16 [0.78; 1.72]                 
0.469

Ulcer duration at baseline  
(per additional day)

0.999 [0.998; 1.00]             
0.037

BMI (kg/m²)  
(per additional unit)

0.97 [0.93; 1.00]                  
0.071

Do not live alone 
(vs. live alone)

1.17 [0.73; 1.87]                  
0.515

Type 2 diabetes 1.24 [0.67; 2.32]                  
0.496

Insulin treatment 1.29 [0.84; 1.995]                
0.251

Duration of diabetes  
(per additional year)

1.02 [1.003; 1.03]                
0.021

1.02 [1.001; 1.03]                  
0.032

Hemodialysis 1.75 [1.05; 2.90]                  
0.031

Active smoker 0.79 [0.43; 1.44]                  
0.433

PEDIS Perfusion 
     1 
     2 
     3

                                            
<0.001 
1.00 
3.02 [1.70; 5.38]               
<0.001 
5.47 [2.89; 10.35]             
<0.001

                                                   
0.004 
1.00 
2.35 [1.28; 4.29]                     
0.006 
3.14 [1.58; 6.24]                     
0.001

PEDIS Sensation 
     1 
     2 
     3

                                               
0.030 
1.00 
1.30 [0.78; 2.19]                  
0.319 
0.30 [0.09; 1.01]                  
0.525

TEXAS Classification 
     A 
     B 
     C 
     D

                                             
<0.001 
1.00 
0.81 [0.33; 2.01]                 
0.649 
3.20 [1.75; 5.85]                
<0.001 
2.75 [1.51; 5.01]                  
0.001

  14



* N=319  
** time-dependent covariate  
aHR : adjusted Hazard Ratio

Acute hospitalization at baseline 1.03 [0.69; 1.55]                  
0.878

Ulcer duration during the first 
year 
of follow up**

2.04 [1.37; 3.0.]                 
<0.001

2.09 [1.35; 3.22]                   
<0.001
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