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Abstract
Background Diabetic foot ulcers (DFU) are associated with an increased risk of lower limb amputation and death. Reported
mortality rates for patients with DFU are as high as 50% after 5 years.
Aims The aim of this retrospective study was to examine the 5-year clinical outcomes of patients with high-risk diabetic foot
disease attending a specialist foot clinic in Beaumont Hospital between 2007 and 2010.
Methods Clinical information was obtained from the CELLMA electronic patient record and laboratory results were extracted
from the Beaumont Hospital information system.
Results In total, data from 98 patients, who attended the foot clinic over the 4-year period, was collected. The 5-year mortality
rate was 13.3% with an amputation rate of 28.6%. A significant proportion of patients (33.7%) had recurrent/new DFU after 5
years of follow-up. In this cohort, there was no association between poor glycaemic control, presence of co-existent cardiovas-
cular disease or renal failure, and increased mortality or amputation.
Conclusions Diabetic foot disease is an important cause of morbidity and mortality in clinical practice. It remains to be seen
whether implementation of the national model of foot care in 2011 will improve outcomes for patients with high-risk diabetic foot
disease.
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Introduction

Diabetes affects over 6% of the adult Irish population and
diabetic foot disease is one of the most common, costly, and
debilitating complications of diabetes. In a recent study of
over 800 patients with diabetes in the west of Ireland, the
proportion of patients at moderate and high risk of future foot
ulceration was 25% and 11% respectively [1]. Furthermore,

the annual incidence of lower limb ulceration in patients with
diabetes in Ireland is 2.2–7% [2].

Diabetic foot ulcers (DFUs) are associated with
mortality, and patients with DFUs have a greater than two-
fold increased risk of death compared to patients with diabetes
who do not develop foot ulcers [3, 4]. This is independent of
age, smoking history, type and duration of diabetes, treatment
regimen and glycaemic control [3]. Similarly, a 5-year prospec-
tive study of mortality in patients with lower limb ulceration
showed that patients with DFUs had a reduced 5-year survival
rate of 43% compared to patients without DFUs (56%) [5].

In addition to the excess mortality related to diabetic foot
disease, foot ulcers are also an important cause of morbidity and
long-term disability. DFUs are the most common cause of lower
limb amputations, which are 22 times more common in patients
with diabetes compared to the non-diabetic population [6].

Diabetic foot disease is an eminently preventable disease,
with improved outcomes observed following the introduction
of screening tools for GPs and dedicated multidisciplinary
diabetic foot care clinics. Numerous retrospective studies have
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shown a reduction in the number of amputations following the
implementation of an MDT diabetic foot clinic [7–9], whilst
Dargis et al., in a prospective study, reported reduced DFU
recurrence following introduction of a multidisciplinary ap-
proach to diabetic foot care [10]. The national diabetes foot
care audit, performed in England between 2014 and 2016,
demonstrated that early referral to a specialist diabetes foot
service correlated with a higher rate of ulcer resolution at 12
weeks [11]. Of those patients seen in a specialist foot clinic
within two weeks of initial presentation, ~ 50% were ulcer-
free 12 weeks later, compared to 35% of those patients seen 2
months after initial presentation [11]. Our own hospital has a
long tradition of a specialist multidisciplinary foot clinic for
patients with active diabetic foot disease and we were keen to
determine the 5-year outcomes of patients with diabetic foot
ulcers attending our diabetic foot service. The primary out-
comes under investigation were rate of ulcer recurrence, am-
putation and mortality at 5 years.

Methods

A retrospective review of all the patients who attended the
Diabetic Foot Clinic in Beaumont Hospital between 2007
and 2010 was conducted. From 2007 until 2010, this clinic
was staffed by a consultant endocrinologist with a specialist
interest in diabetic foot disease, an endocrine specialist regis-
trar, a diabetes nurse specialist, a podiatrist, an orthotist and a
consultant vascular surgeon. Consults could also be sent to a
consultant orthopaedic surgeon and to the physiotherapy de-
partment when required. Only patients with high-risk diabetic
foot disease or an active diabetic foot ulcer were seen in this
clinic. Referrals to the diabetic foot clinic came from the
general diabetes clinics and diabetes day centre which
provides diabetes care for its local catchment area of
300,000 people. Beaumont Hospital diabetes foot MDT
acted as a regional service for the people of the north-
east region of Ireland and patients with active foot disease
were seen as soon as possible by either the podiatry or
diabetes department within the hospital.

To ascertain the clinical characteristics of this patient
cohort, patient information was obtained from the
CELLMA electronic patient database, which is updated
during each patient visit to the clinic. Details on the fol-
lowing clinical characteristics were collected: type of di-
abetes, medications, smoking status and comorbidities in-
cluding cardiovascular disease, cerebrovascular disease,
peripheral vascular disease, peripheral neuropathy, ne-
phropathy and chronic kidney disease.

Laboratory information was obtained from the Beaumont
Hospital Patient Information Profile Explorer (P.I.P.E) system,
and included glycated haemoglobin (HbA1c), lipid profiles
and urine albumin: creatinine ratio and serum creatinine

measurement. Laboratory outcomes at presentation and at 5
years were recorded.

Finally, the 5-year outcome for each patient was recorded,
thereby stratifying each patient into one of the following out-
come groups; resolved ulcerating foot disease, unhealed/
recurrent ulcerating foot disease, amputation and death. Of
note, no distinction was made between single and multiple
ulcers. Specific details on type of amputation (minor/major)
were not recorded in the database and therefore not available
for the study.

Statistical analysis was performed using SPSS version
22.0. Descriptive statistics was utilised to summarise baseline
laboratory data. Data is expressed as mean +/− standard devi-
ation. Odds ratios were calculated to determine associations of
clinical variables with 5-year outcomes.

Results

In total, 98 patients attended the clinic over the 4-year period
between 2007 and 2010. All patients had a history of a dia-
betic foot ulcer. In this cohort, 63.3% of patients had type 2
diabetes mellitus (T2DM) and 20.4% of patients had type 1
diabetes mellitus (T1DM). Information on type of diabetes
was missing for 16.3% of patients. In terms of medications,
33.7% of patients were on oral hypoglycaemic agents and
50% of patients were on insulin (multiple daily injections/
mixed insulin/basal insulin). In this cohort, 49% of patients
had co-existent cardiovascular disease (coronary artery dis-
ease, stroke or peripheral arterial disease), 61.2% of patients
were taking a statin and 67.3% of patients were on aspirin.
Only 5.1% of patients in this study were smokers although this
is likely underestimated as prior smoking history was not re-
corded in the database and this information was missing in
40% of cases.

Overall, this cohort of patients with diabetes demonstrated
good glycaemic control and a favourable lipid profile. The
mean HbA1c for this population of patients on first visit to
the foot clinic was 7.53% (+/− 1.90%), with only 43.9% of
patients demonstrating an HbA1c level greater than 7%. The
mean total cholesterol was 3.96 mmol/l (+/− 1.18); with an
LDL cholesterol of 2.02 mmol/l (+/− 0.93 mmol/l). The aver-
age ACR (albumin creatinine ratio) was 75.4 mg/mmol,
though there was a wide variation of this measurement with
a standard deviation of +/− 166 mg/mmol. Similarly, there
was a variation in serum creatinine levels in this population,
with a mean serum creatinine of 119.6 μmol/l (+/− 79.2
μmol/l).

At 5-year follow-up, the rate of complete recovery from a
DFU was 24.5%, while the rate of ulcer recurrence was
33.7%. The proportion of patients who had undergone ampu-
tation at 5 years was 28.6%, with a 5-year mortality rate of
13.3% (Table 1).
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Odds ratios (OR) were calculated to assess whether type of
diabetes, elevated HbA1c, presence of CVD or renal impair-
ment was associated with an increased risk of ulcer recur-
rence, amputation or mortality at 5 years. In this study, these
variables were not associated with an increased risk of poorer
outcomes at 5 years (Table 2).

Discussion

This is the first study to assess the outcomes in patients attend-
ing a dedicated multi-disciplinary diabetic foot clinic in an
Irish population. Such studies have been carried out else-
where. In a 5-year follow-up study of patients with previous
DFUs who attended a foot clinic in Sweden, the rate of ulcer
recurrence was 34% at 1 year and 61% at 3 years, with a
higher rate of recurrence associatedwith previous amputations
[12]. The rate of amputation in previously healed ulcers was
12% after 5 years, with a higher rate of amputation in patients
who had had an amputation for the initial ulcer (48% after 5
years). Similarly, the survival rate at 5 years was lower (27%)
in the group that had had amputations at the outset compared

to 58% survival at 5 years in the healed-ulcer group [12]. A
more recent study on 5-year outcomes in patients with DFUs
attending a diabetic foot clinic in Liverpool reported amputa-
tion rates for people with DFUs after 5 years varying from
11% (neuropathic ulcers) to 29% (ischaemic ulcers), while
reported mortality rates for patients with DFUs after 5 years
ranged from 45% (neuropathic ulcers) to 55% (ischaemic ul-
cers) [13]. A 10-year follow-up population study in Norway
reported a mortality rate of 49% in patients with diabetes and a
history of a foot ulcer, compared to a mortality rate of only
35% in patients with diabetes and no foot ulcer history [14].
The excess mortality was only partly explained by the in-
creased incidence of older age, male sex, higher A1C, current
smoking, insulin use, microalbuminuria, cardiovascular dis-
ease and depression in those patients with foot ulcers [14].

Our retrospective review reports better overall outcomes
for patients with DFUs attending a specialist foot clinic when
compared to the studies cited above. While our study found a
similar rate of amputation at 5 years (28.6%), the mortality
rate at 5 years was lower (13.3%). There are a number of
possible explanations for the improved survival rates of our
cohort compared to those reported previously. The study by

Table 1 Clinical and biochemical
characteristics of the patient
population in this study. HbA1c,
glycated haemoglobin; LDL,
low-density lipoprotein; std dev,
standard deviation; No., number

Patient demographics

Male (%) 68 (68.7%)

Age (mean +/− std dev) 57.0 +/− 11.7

Duration of diabetes (mean +/− std dev) 18.0 +/− 12.3 years

HbA1c (mean +/− std dev) 7.53 +/−1.90 %
LDL (mean +/− std dev) 2.02 +/− 0.93 mmol/l

Albumin creatinine ratio (mean +/− std dev) 75.4 +/− 166 mg/mmol

Creatinine (mean +/− std dev) 119 +/− 79.2 μmol/l

No. of patients with HbA1c > 7% (%) 43 (43.9%)

No. of patients fully recovered at 5-year follow-up (%) 24 (24.5%)

No. of patients with recurrent ulcers at 5-year follow-up (%) 33 (33.7%)

No. of patients with amputations at 5-year follow-up (%) 28 (28.6%)

Mortality at 5-year follow-up (%) 13 (13.3%)

Table 2 Risk of mortality, amputation and DFU recurrence at 5-year
follow-up related to pre-selected patient characteristics. *OR could not be
calculated as 0% of patients with T1DM/without T2DM/without renal

failure had died at 5 years. OR, odds ratio; T1DM, type 1 diabetes
mellitus; T2DM, type 2 diabetes mellitus; HbA1c, glycated haemoglobin

Clinical parameter Risk of mortality
OR (95% confidence interval)

Risk of amputations
OR (95% confidence Interval)

Risk of recurrence
OR (95% confidence interval)

T1DM n/a* 1.72 (0.61–4.86) 1.28 (0.46–3.57)

T2DM n/a* 0.58 (0.21–1.63) 0.78 (0.28–2.17)

HbA1c > 7% 1.27 (0.39–4.14) 0.55 (0.21–1.40) 1.97 (0.81–4.79)

HbA1c > 8% 0.78 (0.22–2.76) 0.80 (0.31–2.07) 2.41 (0.99–5.89)

HbA1c > 9% 1.69 (0.46–6.21) 0.48 (0.14–1.59) 2.04 (0.75–5.60)

Presence of CVD 2.36 (0.25–22.29) 2.50 (0.86–7.31) 0.75 (0.29–1.96)

Presence of renal failure n/a* 2.20 (0.84–5.79) 0.80 (0.31–2.05)
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Apelqvist et al., was conducted in the 1980s prior to the pub-
lication of the landmark trials in diabetes which altered
glycaemic targets for patients, in order to reduce micro- and
macro-vascular complications [12]. Diabetes treatments have
also significantly evolved over the past 20 years with an ex-
plosion of new classes of oral and injectable anti-
hyperglycaemic agents, as well as significant advances in di-
abetes technology, which have led to improved outcomes for
patients. The study by Iverson et al., was conducted more
recently but the excess mortality reported by this group
(49%) may partly be explained by the poorer glycaemic con-
trol in these patients (HbA1c 8.4% vs 7.53%) or the longer
duration of follow-up (10 years vs 5 years) [14]. Furthermore,
management of DFUs has improved over the timescale with
the development of increasingly sophisticated visualisation
techniques, debridement methods and wound care protocols.
Indeed, we acknowledge the limitation invoked by the small
sample size of this study, and the difficulties therein, with
making comparisons to much larger studies, such that appar-
ent differences between the studies may not be statistically
significant. However, our reported mortality rates are similar
to those observed in a large Scottish study published in 2018
[15]. Vadivelo et al., investigated amputation-free survival in
over 17,000 patients with diabetes and high-risk feet [15]. In
this study, 14% of their cohort had died over the 2-year fol-
low-up period and interestingly, the risk of death was nine
times the risk of amputation [15].

Moulik et al., reported increasing age as the only indepen-
dent factor that affected survival time, while generally
reporting ischaemic ulcers secondary to peripheral vascular
disease to be associated with an overall shorter survival time
compared to neuropathic ulcers [13]. Our study did not differ-
entiate DFUs according to aetiology, and we did not identify a
clinical parameter which further increased the risk of mortality
in patients with DFUs. In this study, an elevated HbA1c was
not associated with an increased risk of adverse outcomes.
This result is at variance with previous studies which have
demonstrated that poor glycaemic control is a predictor of
DFU recurrence [16]. It is worth noting that the HbA1c
utilised in our analysis was the first HbA1c measured follow-
ing attendance at the foot clinic and not the patients’ average
HbA1c over the study period. Hence, it is not a true reflection
of the patients overall glycaemic control as this may well have
varied considerably over the 5 years and this may explain why
an association between glycaemic indices and poorer out-
comes was not observed in our study.

Although there is a body of evidence to suggest that co-
existent CVD and renal failure predict poor outcomes in pa-
tients with diabetes, in this cohort, these comorbidities were
not associated with an increased risk of mortality, recurrent
ulcers or amputations [17, 18]. This conflicting result is likely
due to the retrospective design of the study, which by its very
nature, is subject to variability and inconsistency in the

accurate recording of diagnoses in an electronic patient record.
In addition, it is possible that outcome data was not captured
for some of the patients and this is the main limitation of the
study. Another limitation of this study was the lack of certain
data available for some of the patients. Whilst missing data
was omitted, the cases were still included in the analysis as the
sample size was small but this statistical strategy may have
confounded the results.

In conclusion, this study has shown that the outcomes for
patients attending a diabetic foot clinic remain suboptimal.
Patients with DFUs are at high risk of recurrence and continue
to show increased mortality compared to the normal popula-
tion.Management of DFD is costly; in the USA, it is estimated
that the cost of inpatient admissions for DFUs was $1.38 bil-
lion per year [19], whilst in the UK, NICE estimated that £650
million is spent on foot ulcers and amputations per year [20].
Therefore, further investment in specialist foot clinics and
more intensive follow-up in the community and the hospital
are required to achieve improved ulcer healing rates. This
would be cost effective given the financial burden of diabetic
foot disease.

Although the mortality rate in this cohort was lower than
that reported in other studies, it still remains high at a rate of
approximately 1 in 5 patients at 5 years. Whilst optimum
management of all diabetes complications is key to improving
survival outcomes, it is hoped that the implementation of the
National Model of Care for the Diabetic Foot in Ireland will
improve the rate of healing and lower the rate of amputation
and disability in patients with diabetic foot disease. However,
an Irish national diabetes foot care audit is now warranted, to
examine our current clinical outcomes and to identify areas for
further improvements.
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