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a b s t r a c t

Neuropathy and ischaemia are two great pathologies of the diabetic foot which lead to the characteristic
features of foot ulceration (neuropathic and ischaemic) and Charcot neuroarthropathy. These can be
complicated by infection and eventually may result in amputation (minor or major) and increased
mortality. All of these features contribute to considerable clinical and economic burden.

Peripheral nerves in the lower limbs are susceptible to different types of damage in patients with
diabetes leading to distinctive syndromes. These include symmetrical sensory neuropathy associated
with autonomic neuropathy, which advances gradually, and acutely painful neuropathies and mono-
neuropathies which have a rather acute presentation but usually recover. Ischaemia in the form of pe-
ripheral arterial disease is an important contributor to the burden of the diabetic foot. The incidence of
atherosclerotic disease is raised in patients with diabetes and its natural history is accelerated. Diabetes
causes severe and diffuse disease below-the knee. The lifetime risk of developing a diabetic foot ulcer is
between 19% and 34%. Recurrence is common after initial healing; approximately 40% of patients have a
recurrence within 1 year after ulcer healing, almost 60% within 3 years, and 65% within 5 years. Charcot
neuroarthropathy is characterised by bone and joint destruction on the background of a neuropathy. Its
prevalence in diabetes varies from 0.1% to 8%.

Infection develops in 50%e60% of ulcers and is the principal pathology that damages diabetic feet.
Approximately 20% of moderate or severe diabetic foot infections result in lower extremity amputations.
The incidence of osteomyelitis is about 20% of diabetic foot ulcers.

Every 20 s a lower limb is amputated due to complications of diabetes. Of all the lower extremity
amputations in persons with diabetes, 85% are preceded by a foot ulcer. The mortality at 5 years for an
individual with a diabetic foot ulcer is 2.5 times as high as the risk for an individual with diabetes who
does not have a foot ulcer. The economic burden exacted on health care systems is considerable and
includes direct and indirect costs, with loss of personal earnings and burden to carers. The diabetic foot is
a significant contributor to the global burden of disability and reduces the quality of life. It remains a
considerable public health problem.

© 2021
1. Introduction

The diabetic foot is a major public health problem. Two over-
whelming pathologies come together in the diabetic foot: neu-
ropathy and ischaemia, which result in the characteristic features of
foot ulceration (neuropathic and ischaemic) and Charcot neuro-
arthropathy, both of which can be complicated by infection, and
ultimately may result in amputation (minor or major) and
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increased mortality. In the United Kingdom, diabetic foot problems
are the most frequent cause of diabetes related admission to hos-
pital and similar trends are noted in other countries.1 This paper
will first describe the clinical burden of neuropathy and ischaemia
and then discuss the impact of diabetic foot ulceration, Charcot
neuroarthopathy, infection, amputation and mortality. It will
consider the global disability inflicted by these complications of
diabetes and finally summarise the economic burden of the dia-
betic foot. A diagrammatic representation of the burden of the
diabetic foot is shown in Fig. 1.
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Fig. 1. Diagrammatic representation of the burden of the diabetic foot.
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2. Neuropathy

Many cross-sectional studies have reported neuropathy preva-
lence between 10% and 85%, depending on the definition ultilised.2

The EURODIAB Complications Study, reported a neuropathy inci-
dence of 24% over a follow up period of approximately 7 years.3

Peripheral nerves in the lower limbs are prone to various forms
of damage in patients with diabetes leading to distinctive syn-
dromes. These include distal symmetrical sensory neuropathy
associated with autonomic neuropathy which advances insidiously,
the acutely painful neuropathy variants, and mononeuropathies,
which tend to present acutely but typically lead to full recovery.
2.1. Distal symmetrical sensory and autonomic neuropathy

This is the most common presentation, affecting 11e50% of
people with diabetes. It is typically diffuse and symmetrical
(stocking distribution), ascending from the feet upwards but may
also involve the hands. The smallest fibres (pain, temperature,
autonomic) are thought to be involved first with progression to
involve all types of nerve fibres. This pattern of involvement gives
rise to some of the characteristic features of diabetic neuropathy
with early loss of pain and temperature sensing modalities. Other
sensory modalities, notably the light touch sensation, can remain
intact in these early stages. The difficulty in assessing pain and
temperature sensations, especially in a clinical setting, has meant
such early neuropathy goes mostly undetected. Peripheral auto-
nomic (sympathetic) neuropathy causes loss of sweating and leads
to a dry skin often complicated by fissures. Development of loss of
protective sensation secondary to advanced symmetrical sensory
neuropathy is the principal risk factor for diabetic foot ulceration
which is subsequently the catalyst for foot infection and
amputation.4,5
2.2. Acute painful neuropathies, mononeuropathies and
radiculopathies

Painful neuropathies in diabetes have typical features, which
include constant ‘burning’, paraesthesia and shooting pains,
together with intense discomfort caused by contact with clothes or
89
bedclothes. The pains can be continuous, typically worse at night
and night and cause severe insomnia. In a large observational
cohort from Northwest England, painful symptoms were present in
21% of those with distal symmetrical sensory neuropathy. Focal
painful neuropathies can be localised to a single or adjacent group
of nerve roots affecting the feet and/or legs, or to one or both thighs,
and are often accompanied by muscle wasting and incapacitating
weakness, causing falls. This is known as proximal motor neurop-
athy or ‘diabetic amyotrophy’ and is due to either radicuo-
plexopathy or femoral neuropathy. These painful conditions usu-
ally recover in 6e18 months.

Rapid improvement of glycaemic control (and at times, sudden
worsening of glucose control) may lead to an acutely painful neu-
ropathy with an overlay of autonomic features. Previously called
insulin neuritis, this is nowadays labelled as treatment induced
neuropathy of diabetes (TIND). The syndrome of diabetic neuro-
pathic cachexia is characterised by two important symptoms:
sudden significant weight loss over a short period of time (3e4
months) and severe pain. The weight loss is enormous and can
represent 60% of the normal weight. The condition is typically seen
in elderly males and recovery is usually noted within 12e24
months.
3. Ischaemia

Ischaemia in the form of peripheral arterial disease is a signifi-
cant contributor to the burden of the diabetic foot.6 Atherosclerosis
is not only more prevalent in people with diabetes, but its natural
history is also hastened.7 Peripheral arterial disease exceeds 20% in
diabetes when it is identified by an abnormal ankleebrachial in-
dex.8 The prevalence increases with duration of diabetes as
demonstrated by the UK Prospective Diabetes Study which re-
ported 1.2% when diabetes is diagnosed and 12.5% 18 years
afterwards.9

Diabetes is linked with extensive below-the knee arterial dis-
ease and more diffuse involvement in contrast to the more focal
disease of those with no diabetes.10 Peripheral artery disease
independently heightens the risk of non-healing ulcers, infection,
and amputation.11 The prevalence of concurrent peripheral arterial
disease with diabetes is particularly prominent in those persons
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who have critical lower limb ischaemia.12 Furthermore peripheral
arterial disease causes substantial long-term disability and
decreased mobility in persons with diabetes, particularly post
amputation.13,14 Peripheral arterial disease is an indicator of
atherosclerosis in the cardiovascular, cerebrovascular and reno-
vascular systems and there is an increased risk of myocardial
infarction and stroke.7,15

4. Ulceration

The lifetime risk of developing a diabetic foot ulcer is between
19% and 34% and it is estimated that 9.1 million to 26.1 million
individuals with diabetes globally develop foot ulcers every year.5

Up to one-third of the half billion people with diabetes world-
wide will develop a diabetic foot ulcer over the course of their
lifetime.16 The annual incidence of foot ulceration is between 1.9%
and 4.0% of the population with diabetes.17,18 However, those with
established neuropathy have a higher incidence, estimated at 5.0%
to 7.5%.19 Prevalence rates for ulceration range from 5% to 9%,
depending on the cohort and the country examined. Among
American Medicare beneficiaries, approximately 8% of those with
diabetes may have a foot ulcer.20

4.1. The influence of neuropathy and ischaemia in the development
of ulceration

Ulceration in the neuropathic foot develops on the plantar
surface which is usually the location of high mechanical pressure.
In contrast, ulcers in the foot with ischaemia occur on the margins
of the foot and tips of the toes, at sites of persistent low pressure
usually from badly fitting shoes.

In one multicentre hospital-based study from the UK, a 5.6%
increase in the risk of foot ulceration was noted for each 1 Volt
increase in vibration perception thresholds measured using a
Neurothesiometer.21 In a combined analysis of persons with dia-
betes who had ulceration in hospital clinics from Manchester UK
and Seattle USA, neuropathy was present in 78% of patients, while
the triad of neuropathy, minor foot trauma and foot deformity was
noted in 63% of pathways to ulceration.22 In the multicentre Eu-
ropean Eurodiale study, peripheral neuropathy was present in 86%,
whereas 42% of the cohort had peripheral arterial disease at
baseline.23

However, the proportion of pure neuropathic foot ulcers re-
ported in the literature fluctuates between 40% and 60%. A study of
185 subjects byMoulik et al. looking into aetiological categorization
of foot ulcers reported that 45% were pure neuropathic, 24% were
neuroischaemic and 16% were ischaemic.24 In another UK based
study, 47% of diabetic foot ulcerations were considered purely
neuropathic, 30% neuroischaemic and only 12% considered entirely
ischaemic.25 From awell characterised cohort fromNottinghamUK,
30% of the patients and 28% of ulcerations fulfilled the criteria for
pure neuropathic foot ulceration.26 Another study from South
America reported a neuropathic ulceration prevalence of 60%
within their cohort.27

5. Recurrence of ulceration

Recurrence of ulceration in the foot is common after initial
healing of an ulcer. In a single centre follow up, after the completion
of the Eurodiale study (n ¼ 73), one clinic reported that 58% of the
participants had a recurrence of an ulcer over the subsequent three
years. Recurrence rates at one, two and three years were 40%, 18%
and 13% respectively (p ¼ 0.006 for trend).28 A review of 19 studies
on incidence rates for ulcer recurrence showed that approximately
40% of individuals have a recurrencewithin 1 year of ulcer healing,
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almost 60% within 3 years, and 65% within 5 years. It may be more
beneficial to regard people who have attained closure of the ulcer
as being in remission instead of being healed.5

6. Charcot neuroarthropathy

The Charcot foot or Charcot neuroarthropathy, is characterised
by bone and joint damage on the background of a neuropathy. It
often occurs in the midfoot but also in the forefoot and hindfoot.
The outlook for the hindfoot is much more critical with the
increased possibility of instability of the ankle. In its severest form,
Charcot neuroarthropathy can result in deformity, ulceration,
infection, and amputation. It contributes to significant morbidity
and premature mortality with a negative effect on the activities of
daily living.29

Early reports noted one case per 680 people with diabetes and
Charcot neuroarthropathy30 and in a subsequent series, there was
one case per 333 people with diabetes.31 The prevalence in diabetes
varies from 0.1% to 8% amongst clinics and countries. Thus, a recent
analysis in the USA, revealed a new diagnosis of Charcot neuro-
arthropathy in 0.12% of individuals with type 2 diabetes.32 The
prevalence of active Charcot disease of the foot in one month was
evaluated at seven secondary care services in the East Midlands of
England. Ninety cases were recognized, representing 4.3 per 10,000
of the 205,033 diabetes population of the area.33

The demographic features of individuals with Charcot neuro-
arthropathy differ between type 1 and type 2 diabetes.34 Persons
with type 1 diabetes and Charcot foot are significantly younger in
contrast to persons with type 2 diabetes. In type 1 diabetes, the
maximum age of presentation of Charcot neuroarthropathy is the
3rd and 4th decade, but in type 2 diabetes, it is the 6th and 7th
decade. People with Charcot deformity have a life-long risk of ul-
ceration and limb-threatening infection, which can result in a
major amputation. The risk of amputation is 7-fold higher in those
with Charcot deformity compared to Charcot foot alone and the risk
almost doubles if deformity is complicated by an ulcer.35 People
living with a Charcot foot have reduced quality of life and increased
incidence of depression. The Charcot foot is a great burden to so-
ciety as people with this condition require lifelong support.31 In a
series of 115 persons with Charcot neuroarthropathy who were
followed up for four years, 37% developed new ulceration over
deformities.31

7. Infection

Diabetic foot ulcers are very vulnerable to infection. About 50%e
60% of ulcers develop infection which is the leading pathology that
devastates most diabetic feet.5 Approximately 20% of moderate or
severe diabetic foot infections result in amputation at various
levels.36

The incidence of osteomyelitis diagnosed by culture is approx-
imately 20% of diabetic foot ulcers.37 All stages of infectionmay also
be complicated by bacteraemia, resulting in systemic signs of
infection.

Diabetic foot infections are one of the most common causes of
admissions of individuals with diabetes to hospital in the United
States, comprising 20% of hospital admissions.38 Readmission rates
for patients with diabetic foot infections are approximately 40% and
there is almost a one in six mortality within 1 year of infection.39

8. Amputation

Every 20 s a lower limb is amputated due to diabetes.40 Of all
amputations in persons with diabetes, 85% are preceded by a foot
ulcer.41 The incidence of major amputation in England ranges from
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0$2 to 2$0 per 1,000 person-years of people with diabetes.42 The
prevalence of major amputation is 1.6% in the age range 18e44
years, 3.4% in those aged 45e64 years, and 3.6% in persons older
than 65 years.43 A recent systematic review on diabetic amputation
incidence reported a male-to-female ratio range between 1.5 and
3.0 and related this to males having a higher frequency of smoking,
peripheral neuropathy, peripheral artery disease, and foot ulcera-
tion.44 Overall,the risk of a person with diabetes having a lower
extremity amputation is reckoned to be 23 times that of a person
without diabetes.45

9. Mortality

A recent review has demonstrated 5-year mortality for Charcot
neuroarthropathy, foot ulceration, minor and major amputations to
be 29.0%, 30.5%, 46.2% and 56.6%, respectively.46 The mortality at 5
years for an individual with a diabetic foot ulcer is 2.5 times as high
as the risk for an individual with diabetes who does not have a foot
ulcer.47 The risk of death at 10 years for a patient with diabetes and
foot ulcer is double the risk for a person without a foot ulcer.48

10. Global disability

Foot complications in diabetes are a leading cause of the global
burden of disability.49 Global prevalence of foot complications
include 131.0 million people (1.77% of the global population) with
diabetes-related lower-extremity problems, incorporating 105.6
million (95% UI 85.5e128) with neuropathy only, 18.6 million
(15.0e22.9) with foot ulcers, 4.3 million (3.7e4.9) with amputation
without prosthesis, and 2.5 million (2.1e3.0) with amputationwith
prosthesis.50 The disability burdenwithin a population is measured
using YLDs (Years Lived with Disability).51 YLDs are a population
assessment of disability burden and are calculated by multiplying
the total numbers of people affected by a condition by the average
severity of disability for that condition (disability weight). The
disability weight reflects the average severity of nonfatal health
loss associatedwith the particular condition on a scale of 0 (equal to
perfect health) to 1 (equal to death).

It was estimated that 16.8 million YLDs (2.07% of global YLDs)
resulted from diabetic foot complications in 2016, including 12.9
million (95% UI 8.3e18.8) from neuropathy only, 2.5 million
(1.7e3.6) from foot ulcers, 1.1 million (0.7e1.4) from amputation
with no prosthesis, and 0.4 million (0.3e0.5) from amputationwith
prosthesis.50 Overall, the disability burden disproportionately
affectedmales, the 50- to 69-year-old age-group, and those living in
regions of North Africa and Middle East, Central Latin America,
Oceania, and Caribbean.50

11. Quality of life

Lower extremity complications also result in a reduction in
quality of life.52 Using the EQ-5D instrument, a Swedish study re-
ported scores for patients attending a multidisciplinary foot ser-
vice.53 The scores for ulcers and for major amputation were lower
than those reported in other studies for people with diabetes and
macrovascular complications. They were also lower than scores for
people with end-stage renal disease needing haemodialysis, breast
cancer and prostate cancer.

12. The economic burden to health care system

The economic burden inflicted on the health care systems and
the individual with diabetes and foot complications is considerable.
For example, in England, for the year 2014e15, the estimated NHS
cost in England was at £837e£962 million, V1.1eV1.2 billion and
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$1.4e$1.6 billion. This was equivalent to almost 1% of the health
service budget for England or £1 out of every £140 spent in the
National Health Service.54 Approximately 90% of the cost was
caused by foot ulcers rather than amputations. Although amputa-
tions can have a catastrophic effect on individual lives, and unit
costs are considerable, the much increased incidence of ulceration
results in higher aggregate costs. Regarding the distribution of costs
by healthcare setting, two thirds of costs were in primary, com-
munity, or outpatient settings. Thus 90% of expenditure was
accounted for by ulceration, and 60% was spent in community,
outpatient and primary settings. Cost of care was evaluated in the
UK where the approximated cost over the first year from original
presentation of a healed foot ulcer was £2138, for an unhealed ulcer
it was £8786 and for an amputation secondary to an ulcer it was
£16,941. 55 Infection markedly raised the costs of ulcer treatment,
up to £12,995 for an infected foot ulcer.

A study in Russia, concerning patients admitted to hospital due
to a foot ulcer categorized byWagner grade produced these average
costs: grade 1e2450V, grade 2e2821V, grade 3e3937V, and grade
4e5340 V.56 Length of hospital stay, foot surgery, and vascular
surgery had the greatest effect on cost.

Recent systematic reviews have highlighted the increasing costs
for diabetic foot disease in several health economies.57,58 In the
USA, 1,019,861 cases of diabetic foot complications presented to
Emergency Departments between 2006 and 2010, consisting of
1.9% of the 54.2 million total diabetes cases. The national bill was
$1.9 billion per year in the Emergency Departments and $8.78
billion per year (US$ 2014) among the 81.2% of cases that were
admitted, including inpatient charges Clinical outcomes comprised
mortality in 2.0%, sepsis in 9.6% of cases and amputation in 10.5%
(major-minor amputation ratio of 0.46).59 In 2014, the cost of dia-
betic foot management in the USA, between 2007 and 2011, was
between $ 9e13 billion. Diabetic foot ulceration could add $11,710-
$16,833 incremental costs to a patient’s annual healthcare costs,
doubling the cost of delivering diabetes care.60 There were sub-
stantial additional indirect costs, such as the loss of individual
earnings, burden to carers and effects of absenteeism on employers.
In 2017, diabetes directly cost $237 billion in the USA and one-third
of these direct costs were due to diabetic foot disease46

13. Therapeutic principles

Successful management of the diabetic foot requires the
expertise of a multidisciplinary care team which gives integrated
care focused in a diabetic foot clinic. Members of the team consist of
podiatrist, nurse, orthotist, microbiologist, physician, radiologist
and surgeon, including, orthopaedic surgeon, vascular surgeon and
plastic surgeon. Six aspects of care should be addressed within the
multidisciplinary network, namely to achieve control of thewound,
microbiology, mechanics and circulation of the foot as well as
obtaining metabolic control and educating the patient.61

14. Conclusion

The diabetic foot has a devastating pathology. Neuropathy and
ischaemia lead to foot ulceration and Charcot neuroarthropathy,
both of which can be complicated by infection. This may eventually
result in amputation (minor or major) and increased mortality.
These complications of the diabetic foot result in considerable
clinical and economic burden and for these reasons, the diabetic
foot remains a major public health problem.
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