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IMPORTANCE Approximately 18.6 million people worldwide are affected by a diabetic foot
ulcer each year, including 1.6 million people in the United States. These ulcers precede 80%
of lower extremity amputations among people diagnosed with diabetes and are associated
with an increased risk of death.

OBSERVATIONS Neurological, vascular, and biomechanical factors contribute to diabetic foot
ulceration. Approximately 50% to 60% of ulcers become infected, and about 20% of
moderate to severe infections lead to lower extremity amputations. The 5-year mortality rate
for individuals with a diabetic foot ulcer is approximately 30%, exceeding 70% for those with
a major amputation. The mortality rate for people with diabetic foot ulcers is 231 deaths per
1000 person-years, compared with 182 deaths per 1000 person-years in people with
diabetes without foot ulcers. People who are Black, Hispanic, or Native American and people
with low socioeconomic status have higher rates of diabetic foot ulcer and subsequent
amputation compared with White people. Classifying ulcers based on the degree of tissue
loss, ischemia, and infection can help identify risk of limb-threatening disease. Several
interventions reduce risk of ulcers compared with usual care, such as pressure-relieving
footwear (13.3% vs 25.4%; relative risk, 0.49; 95% CI, 0.28-0.84), foot skin measurements
with off-loading when hot spots (ie, greater than 2 °C difference between the affected foot
and the unaffected foot) are found (18.7% vs 30.8%; relative risk, 0.51; 95% CI, 0.31-0.84),
and treatment of preulcer signs. Surgical debridement, reducing pressure from weight
bearing on the ulcer, and treating lower extremity ischemia and foot infection are first-line
therapies for diabetic foot ulcers. Randomized clinical trials support treatments to accelerate
wound healing and culture-directed oral antibiotics for localized osteomyelitis.
Multidisciplinary care, typically consisting of podiatrists, infectious disease specialists, and
vascular surgeons, in close collaboration with primary care clinicians, is associated with lower
major amputation rates relative to usual care (3.2% vs 4.4%; odds ratio, 0.40; 95% CI,
0.32-0.51). Approximately 30% to 40% of diabetic foot ulcers heal at 12 weeks, and
recurrence after healing is estimated to be 42% at 1 year and 65% at 5 years.

CONCLUSIONS AND RELEVANCE Diabetic foot ulcers affect approximately 18.6 million people
worldwide each year and are associated with increased rates of amputation and death.
Surgical debridement, reducing pressure from weight bearing, treating lower extremity
ischemia and foot infection, and early referral for multidisciplinary care are first-line therapies
for diabetic foot ulcers.
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D iabetic foot ulcers affect approximately 18.6 million people
worldwide and 1.6 million in the United States each year.1

These ulcers are associated with impaired physical func-
tion, reduced quality of life, and increased health care utilization.2,3

If left untreated, foot ulcers can progress to soft tissue infection, gan-
grene, and limb loss.4 Approximately half of people with a diabetic
foot ulcer have lower extremity peripheral artery disease.5 Approxi-
mately 50% of ulcers become infected, with up to 20% of these re-
quiring hospitalization; between 15% and 20% of moderate to se-
vere infections eventually lead to a lower-extremity amputation.3,6,7

People with a diabetic foot ulcer have a 5-year mortality rate of 30%,
with a mortality rate greater than 70% for people with an above-
foot amputation.8 The direct costs of treating diabetic foot ulcers
in the United States are estimated to be $9 billion to $13 billion
annually.9 This Review summarizes current evidence regarding the
epidemiology, pathophysiology, diagnosis, treatment, and preven-
tion of diabetic foot ulcers. A list of common clinical questions and
answers related to diabetic foot ulcers is shown in the Box.

Methods
We searched PubMed for English-language publications between
January 2013 and May 15, 2023, using the search term diabetic foot
ulcer, retrieving 2411 articles. Of the 2411 articles identified, 96
were included, consisting of 10 randomized clinical trials, 14 meta-
analyses, 10 clinical guidelines, and 62 observational studies.

Epidemiology
More than 550 million people worldwide and 37 million people in
the United States have diabetes.10,11 Worldwide, approximately
18.6 million people with diabetes develop a foot ulcer each year.1

Up to approximately 34% of people with type 1 or 2 diabetes de-
velop a foot ulcer during their lifetime.2

About 20% of people with a diabetic foot ulcer will undergo
a lower extremity amputation, either minor (ie, part of the foot) or
major (ie, above foot).12 Infection and progressive gangrene are the
primary causes of lower extremity amputation,4 with approximately
50% of diabetic foot ulcers becoming infected.7,13 Up to approxi-
mately 20% of people with a diabetic foot ulcer require hospitaliza-
tion, and between 15% and 20% of hospitalized patients undergo a
lower extremity amputation.6,7,13 In the United States, more than
150 000 nontraumatic lower extremity amputations are performed
every year in people with diabetes.11 Worldwide, approximately 1.6 mil-
lion amputations occur each year. Of these, approximately 33% are
major amputations.1,14

Inequities in diabetes-related foot complications are common
in the United States. Among Medicare beneficiaries (total sample,
92 929) with a newly diagnosed diabetic foot ulcer or diabetic foot
infection, the long-term rates of major lower extremity amputation
are higher in individuals identifying as non-Hispanic Black (3.8%),
Hispanic of any race (2.1%), and Native American (5.1%) than
among beneficiaries identifying as non-Hispanic White (1.5%).15

People identifying as non-Hispanic Black and Hispanic of any race
have more advanced diabetic foot ulcers and peripheral artery dis-
ease at initial presentation and are more likely to undergo lower

extremity amputation without a lower extremity revasculariza-
tion attempt.16-18 Among Medicare beneficiaries (total sample,
643 287), patients identifying as non-Hispanic Black had twice
the odds of lower extremity amputation within 1 year of foot ulcer
diagnosis after adjusting for multiple covariates (odds ratio [OR],
1.98; 95% CI, 1.93-2.03; P < .001 [absolute rates not provided])
compared with those identifying as non-Hispanic White.19 In
addition, diabetic foot ulcers disproportionately affect people
with lower socioeconomic status and those living in rural areas.20

For example, in California, the prevalence-adjusted lower extremity
amputation rates among individuals with diabetes in low-income
neighborhoods was double that among those in higher-income
neighborhoods (absolute rates not provided).21 People with diabe-
tes living in rural areas had a higher frequency of major lower
extremity amputation (3.4% vs 2.4% in 1 year; adjusted OR,
1.56; 95% CI, 1.48-1.65) compared with those residing in large met-
ropolitan areas, adjusted for sociodemographic and clinical
factors.22 The rate of death or major lower extremity amputation
was higher in patients with diabetes living in rural areas who identi-
fied as non-Hispanic Black (28.0% vs 18.3% of other rural patients
with diabetes).23

A meta-analysis of patients with diabetes showed a crude rate
of 231 deaths per 1000 person-years in people with a diabetic foot
ulcer, compared with 182 deaths per 1000 person-years in those
without a diabetic foot ulcer.24 A study of 66 323 US veterans with

Box. Common Questions About Diabetic Foot Ulcers

How Should Diabetic Foot Ulcers Be Evaluated?
Evaluation of diabetic foot ulcers should include a comprehensive
examination of the ulcer (size, depth, signs of infection),
assessment for peripheral artery disease with noninvasive vascular
laboratory testing, and, if necessary, laboratory measures
(erythrocyte sedimentation rate) and imaging studies (plain films
followed by magnetic resonance imaging as necessary) for
suspected osteomyelitis. Classification of diabetic foot ulcers
based on tissue loss, ischemia, and infection can help quantify the
risk of amputation.

How Are Diabetic Foot Ulcers Treated?
Treatment for diabetic foot ulcers involves wound care with
debridement of necrotic tissue, reduction of weight-bearing
pressure on the affected area, management of blood glucose
levels ideally to a hemoglobin A1c less than 8%, treatment of
infection with appropriate antibiotics, and evaluation for
revascularization when peripheral artery disease is present. In
some patients, advanced wound treatments may be applied to
accelerate healing. A multidisciplinary team approach involving
podiatrists, infectious disease specialists, and vascular surgeons, in
collaboration with a primary care clinician, can improve outcomes.

How Can the Risk of Diabetic Foot Ulcer Recurrence Be Reduced?
Forty-two percent of patients who have a healed diabetes-related
foot ulcer will develop another ulcer within 1 year; therefore, these
patients should undergo regular examination of their feet and be
treated for callus and other preulcer signs by an appropriately
trained clinician. Patients should be educated about proper foot
self-care, advised to monitor their foot skin temperatures and
off-load when hot spots are found, and provided with and
encouraged to wear adequately fitting and pressure-relieving
footwear to reduce risk of foot ulcer recurrence.
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incident diabetic foot ulcer showed that 3% presented with gan-
grene, and after adjusting for covariates such as cerebrovascular, car-
diovascular, and kidney disease, people with a diabetic foot ulcer and
gangrene had an increased risk of mortality (the 1-year survival rate
was 62.7% vs 80.8% for the entire cohort of patients with diabetic
foot ulcers; HR 1.70 [95% CI, 1.57-1.83]; P < .001).25

Pathophysiology
Diabetic foot ulcers develop as a result of diabetic sensory, motor,
and autonomic neuropathy. Sensory neuropathy leads to loss of pro-

tective sensation; motor neuropathy causes foot deformity and bio-
mechanical abnormalities, while autonomic neuropathy leads to vis-
coelastic changes in the skin, such as skin dryness.2 Callus formation
frequently results from these changes (Figure 1).2 Minor trauma and
inflammation from repetitive impact of the foot while weight-
bearing can cause hemorrhage beneath the callus that presents as
a full-thickness ulcer (ie, damage extends below the epidermis and
dermis into the subcutaneous tissue) on removal of the callus.2 Other
mechanisms by which diabetic foot ulcers develop include con-
stant low pressure, eg, from tight shoes causing tissue necrosis, or
extremely high pressure, such as a sharp object causing direct me-
chanical damage.2

Figure 1. Pathways to Diabetic Foot Ulceration (Mechanical and Ischemic Factors)

Callus removal reveals ulcer extending 
through the epidermis and dermis 
into the subcutaneous tissue.

Diabetic foot ulcers sometimes extend
deeper into muscle and bone
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1 2 3

Cross section view

Patient with diabetes

Necrosis

Peripheral sensory neuropathy

Decreased pain, pressure, and 
temperature sensation
Impaired proprioception

Peripheral motor neuropathy

Small muscle wasting
Foot deformities
Biomechanical abnormalities

 Autonomic neuropathy

Callus formation

Foot ulcer development

Peripheral artery disease

Decreased lower extremity 
perfusion
Chronic limb-threatening ischemia

Vascular pathway

Continuous stress

Constant low pressure damage 
leading to ischemic necrosis
(eg, from ill-fitting shoes)

Mechanical pathways

High stress

Direct mechanical trauma
(eg, from foreign body in shoe)

Repetitive stress

Moderately increased abnormal 
pressure during weight bearing

Sympathetic autonomic dysfunction
(eg, decreased sweating and dry skin    
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A Pathways to diabetic foot ulcer development

B Development of a typical diabetic foot ulcer from mechanical stress
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Screening for Risk of Diabetic Foot Ulcers

To assess the risk of ulceration in a person with diabetes, the feet are
screened annually by a primary care clinician or podiatrist; the screen-
ing should include evaluating the feet for neuropathy sufficient to
cause loss of protective sensation, peripheral artery disease, and skin
breakdown.26 Among patients with a new diabetic foot ulcer, those
who had been seen by a podiatrist for preventive care in the year be-
fore ulcer development had a lower risk of major lower extremity am-
putation relative to those who had not seen a podiatrist in the past
year (1.20% vs 1.84%; OR, 0.61 [95% CI, 0.51-0.72]; P < .001).27 A com-
prehensive foot examination can be completed by a podiatrist once
neuropathy or peripheral artery disease has been diagnosed.28

The history should include questions about any previous diabetic
foot complication, which is associated with greater risk of a diabetic
foot ulcer (Table 1). Pooled data from 8 prospective studies with 1738
participants, 1 retrospective study with 46 participants, and the usual
care groups of 9 randomized clinical trials with 636 participants re-
ported that the risk of recurrence of a diabetic foot ulcer was 42% at
1 year, 58% at 3 years, and 65% at 5 years.2

Individuals with diabetes are assessed for loss of protective
sensation as a sign of large fiber neuropathy.28 The Semmes-
Weinstein 5.07 monofilament test to assess for absence of pres-
sure sensation at a minimum of 3 sites per foot (likelihood ratio for
ulceration range, 11-16) or the 128-Hz tuning fork to assess for ab-
sence of vibratory perception (using an on-off technique or timed
methods; likelihood ratio range, 16-35) are important components
of this assessment.26,30 In the absence of this equipment, the
Ipswich Touch Test is an acceptable alternative that can be used to
evaluate whether a patient can perceive light touch from an exam-
iner’s index finger applied to 6 or 8 prespecified sites on the feet (like-
lihood ratio range, 10-15).26

Physical examination should include evaluation for calluses, in-
terdigital maceration, and thickened nails, which may indicate a fun-
gal infection and may be associated with increased pressure on the
nail bed.28 Digital deformities such as hammer toes or claw toes ap-
pear as increased prominence of the interphalangeal joints dor-
sally and the metatarsal heads on the plantar surface and are com-
mon sites of ulceration. The tip of a toe exposed to increased pressure
in contact with the ground or shoe is also a common site of ulcer-
ation. Assessment of dorsiflexion and plantarflexion ankle range of
motion can identify equinus deformity (ie, less than 0 degrees of dor-
siflexion at the ankle joint), which increases forefoot plantar pres-

sure. In a prospective study of 1666 people with diabetes, equinus
deformity was present in 10.3% .31 Charcot arthropathy, defined as
a foot fracture with possible joint dislocation in people with periph-
eral neuropathy, affects approximately 0.3% of people with diabe-
tes, can lead to significant deformity, and increases the risk of a dia-
betic foot ulcer, particularly in the midfoot and ankle/hindfoot.32

Although approximately 40% of people with Charcot arthropathy
have concomitant tissue loss, a unilateral red, hot, swollen foot with-
out a wound or diagnosis of deep vein thrombosis may indicate
Charcot arthropathy.32

Pulse palpation at the ankle and on the foot is a central part of
the vascular examination, but palpable pulses have low sensitivity
(71.7%) and specificity (72.3%) for detecting peripheral artery
disease.33,34 Because peripheral artery disease affects approxi-
mately half of people with diabetic foot ulcers,5 clinicians should con-
sider noninvasive testing with the ankle-brachial index or toe-
brachial index and/or referral to vascular specialists in people with
diabetic foot ulcers.35

Assessing Diabetic Foot Ulcers
Classification
Although there are numerous wound classification systems, most
focus on the degree of tissue loss, with less emphasis on concomi-
tant infection or ischemia.36,37 Similarly, numerous vascular classi-
fications exist but focus on the degree of ischemia without consid-
eration of tissue loss or infection until the latest stages.38 The Wound,
Ischemia, Foot Infection (WIfI) classification system was devel-
oped and validated as a method to combine all 3 variables (wound,
ischemia, and foot infection) and to accurately assess the risk of limb
loss for patients with diabetic foot ulcers.38,39 This classification in-
cludes assessment of degrees of tissue loss, ischemia, and foot in-
fection as none, mild, moderate, or severe. It assists clinicians in iden-
tifying and communicating the severity of diabetic foot ulceration
to organize rapid multidisciplinary clinical care (Figure 2).37 A higher
score on the WIfI scale is associated with lower extremity amputa-
tion and morbidity and can be used to determine the need for re-
vascularization. WIfI scores of 1, 2, 3, and 4 were associated with
1-year amputation rates of 0%, 8%, 11%, and 38%, respectively.39

Evaluating Infection
The diagnosis of diabetic foot infection is primarily based on clini-
cal assessment and is suggested by presence of more than 2 signs

Table 1. Screening and Follow-Up for Diabetic Foot Ulcer Risk and Active Complications
of Diabetic Foot Diseasea

Category Ulcer risk Characteristics Follow-Up frequency Prevalence, %
Active
pathology

Active Active ulcer, Charcot arthropathy, or infection
with or without peripheral artery disease

Rapid referral to
specialist/
multidisciplinary team

1.4

3 High In remission: history of diabetic foot ulcer,
amputation (minor or major), or end-stage
renal disease

1-3 mo 1.8

2 Moderate ≥2 Factors among loss of protective sensation,
peripheral artery disease, and foot deformity

3-6 mo 4.3

1 Low Loss of protective sensation or peripheral
artery disease

6-12 mo 14.2

0 Very low No loss of protective sensation or peripheral
artery disease

Annually 78.6

a Based on the International Working
Group on the Diabetic Foot (IWGDF)
risk classification system for
screening and assessment of people
with diabetes at risk for foot
ulceration and with active disease.
Prevalence estimates are adapted
from Stang and Leese.29
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of inflammation, such as erythema, swelling and possibly puru-
lence, fluctuance, or lymphangiitis.7,13 Randomized clinical trial data
are not available to support obtaining wound cultures from all pa-
tients with diabetic foot ulcers.7,13 In the absence of other associ-
ated diagnoses, an erythrocyte sedimentation rate greater than
70 mm/h can be helpful in improving diagnostic accuracy for
osteomyelitis (likelihood ratio, 11).40,41 Particularly among hospital-
ized patients, for whom the pretest probability of osteomyelitis is
high, the combination of a positive probe-to-bone test and plain film
radiography can be sufficient to diagnose osteomyelitis (likelihood
ratio, 14) without the need for other, more expensive radiological
studies.41,42 Magnetic resonance imaging has shown consistent ac-
curacy in identifying osteomyelitis (likelihood ratio, 3.6; sensitivity,
93%; specificity, 75%), particularly when the clinical assessment and
plain x-ray findings are equivocal, and may be helpful in identifying
occult abscesses or determining the extent of deeper infections.7,43

For diagnosing osteomyelitis, bone biopsy and culture remain the
gold standard.7,13

Evaluating Peripheral Artery Disease
Lower extremity peripheral artery disease can be assessed nonin-
vasively with the ankle-brachial index, a ratio of Doppler-recorded

arterial pressures of the dorsalis pedis and posterior tibial pres-
sures divided by the brachial artery pressures.35 An ankle-brachial
index less than 0.90 is approximately 98% specific and approxi-
mately 85% sensitive for peripheral artery disease.35 However,
people with diabetes often have medial calcinosis of lower extrem-
ity peripheral vessels, resulting in falsely elevated peripheral pres-
sures and a high ankle-brachial index that is insensitive to presence
of peripheral artery disease. In these individuals, the toe-brachial in-
dex can be measured, since the digital arteries are less commonly
affected by medial calcinosis.35 A toe-brachial index less than 0.70
is consistent with peripheral artery disease.33 Toe pressure of
30 mm Hg or greater, transcutaneous oxygen pressure of 25 mm Hg
or greater, and skin perfusion pressure of 40 mm Hg or greater have
been associated with higher rates of ulcer healing.35 A systematic
review and meta-analysis of 25 studies that included 3789 patients
reported that transcutaneous oxygen pressure demonstrated high
accuracy in predicting ulcer healing and limb amputation.44 The sen-
sitivity and specificity of transcutaneous oxygen pressure for ulcer
healing were 0.72 (95% CI, 0.61-0.81) and 0.86 (95% CI, 0.68-
0.95), respectively, with a diagnostic OR of 15.81 (95% CI, 3.36-
74.45). This is compared with a relatively low prognostic accuracy
for ulcer healing using the ankle-brachial index (with cutoffs of <0.9

Figure 2. Wound, Ischemia, and Foot Infection (WIfI) Classification of Limb Threat

The Wound, Ischemia, and Foot Infection (WIfI) classification system
consists of 3 components graded separately from 0 (none) to 3 (severe). 
One component may be dominant but the specific combination of scores is used to estimate 
the risk of limb amputation at 1 year and the need for or benefit of revascularization.a
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associated with lower extremity
amputation and morbidity and can
be used to determine the need for
revascularization. WIfI scores of 1, 2,
3, and 4 were associated with 1-year
amputation rates of 0%, 8%, 11%,
and 38%, respectively.39 See also
Figure 3.
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and �1.3), with a sensitivity of 0.48 (95% CI, 0.36-0.61), a specific-
ity of 0.52 (95% CI, 0.42-0.63), and a diagnostic OR of 1.02 (95%
CI, 0.40-2.64).44 A skin perfusion pressure greater than 40 mm Hg
showed a positive likelihood ratio ranging from 4.86 to 6.40 and cor-
responding negative likelihood ratios between 0.03 and 0.40 for ul-
cer healing.45 Another meta-analysis of 4 studies with 104 patients
reported that a toe systolic blood pressure less than 30 mm Hg had
a 2.09 times higher relative risk (RR) of a nonhealing wound post-
amputation compared with values of 30 mm Hg or greater (95% CI,
1.37-3.20; P = .001 [absolute rates not provided]).46 These data are
summarized in Table 2.

Management
People at Risk of Diabetic Foot Ulcer
People in the lowest foot ulcer risk category without loss of protec-
tive sensation, peripheral artery disease, or history of foot compli-
cations may return for annual follow-up with a primary care clini-
cian or podiatrist (Table 1).26,28 People with diabetes who have an
increased risk of foot ulceration should receive education about
proper foot self-care and appropriate footwear.28 People with 2 or
more risk factors among loss of protective sensation, peripheral ar-
tery disease, and foot deformity are considered at moderate risk and
should have a shoe specialist consultation (from a podiatrist, pe-
dorthist, or orthotist) for good-quality footwear with appropriate fit
that may include therapeutic footwear to reduce pressure.28 People
at moderate risk should return for evaluation by a podiatrist every
3 to 6 months (per International Working Group on the Diabetic Foot
and American Diabetes Association guidelines, based on expert
consensus)28,48; those with peripheral artery disease may require
assessment by a vascular specialist.28 Immediate vascular referral
is indicated for patients with a diabetic foot ulcer and an ankle pres-
sure less than 50 mm Hg, an ankle-brachial index less than 0.5, a toe
pressure less than 30 mm Hg, or a transcutaneous oxygen pres-
sure less than 25 mm Hg.35 Vascular surgery referral should also be
considered, regardless of results of vascular study, for patients with

peripheral artery disease and a nonhealing diabetic foot ulcer that
persists for 4 to 6 weeks despite evidence-based care consisting of
pressure off-loading and wound debridement.26,35,49 People with
a diabetic foot ulcer that has resolved or who have undergone par-
tial foot amputation for diabetic foot ulcer are in the highest risk cat-
egory (also called remission). They require pressure-relieving shoes/
orthoses that accommodate foot shape and any deformity present
to reduce risk of ulcer recurrence, and this may include custom-
made footwear or insoles in extra-depth shoes.28 People with a
healed foot ulcer are recommended to return for screening and pro-
fessional foot care every 1 to 3 months (Table 1).28

People with a healed ulcer may also benefit from dermal ther-
mometry (measuring skin temperature) to identify areas of preul-
cerative inflammation. A meta-analysis of 772 people in 5 random-
ized clinical trials showed that at-home skin temperature monitoring,
with reduction of steps taken (walking less) in response to hot spots
(ie, >2 °C difference between the affected foot and the unaffected
foot), decreased risk of developing a diabetic foot ulcer compared
with no temperature monitoring (18.7% vs 30.8%; RR, 0.51; 95%
CI, 0.31-0.84; P = .008).50

People With a Diabetic Foot Ulcer
A flow chart for management of active diabetic foot complications
is shown in Figure 3.

Wound Management

Debridement | Debridement is a standardized approach used to fa-
cilitate healing.52 Healing is achieved by eliminating nonviable wound
bed and wound edge tissue, including excess callus on the periph-
ery and nonviable dermal tissue, as well as foreign materials and bac-
terial components. Although guidelines recommend regular de-
bridement, defined as weekly or every other week, randomized
clinical trials are lacking.52,53 One study of 154 644 patients with
chronic wounds treated at 525 US-based centers (19.0% with dia-
betic foot ulcers) reported a significant increase in healing (55% vs
28%; P < .001) in people who had weekly debridement vs those who
had less frequent debridement.54

Table 2. Assessing Ischemia in the Presence of a Diabetic Foot Ulcer

Test Definition

Sensitivity and
specificity (wound
healing) Additional notes

Palpation of
pulses45

Palpation of anterior
tibial or posterior
tibial pulse

35% sensitive; 100%
specific

Pedal pulses that are palpable are associated
with high probability of healing (relative risk,
2.26; 95% CI, 2.05-2.49).

Ankle-brachial
index44

Ankle pressure
compared with arm
pressure

48% sensitive; 52%
specific; diagnostic
odds ratio, 1.02a

Less useful in patients with diabetes, kidney
disease, and diabetic foot ulcers due to falsely
elevated ankle pressure from medial calcinosis;
low prognostic accuracy for ulcer healing.

Toe systolic
blood
pressure46,47

Measurement of
systolic blood
pressure at the toe

86% sensitive; 58%
specific

Toe systolic blood pressure <30 mm Hg is
associated with 2.09-fold higher relative risk of
nonhealing after partial foot amputation
compared with values ≥30 mm Hg (relative risk,
2.09; 95% CI, 1.37-3.20; P = .001).

Transcutaneous
oximetry44

Measurement of
oxygen tension at
the skin surface

72% sensitive; 86%
specific; diagnostic
odds ratio, 15.81a

Transcutaneous oxygen pressure ≥25 mm Hg is
associated with higher rates of ulcer healing
and high accuracy in predicting ulcer healing
and limb amputation.

Skin perfusion
pressure45

Measurement of
blood pressure
required to restore
microvascular blood
flow after occlusion

Skin perfusion pressure ≥40 mm Hg is
associated with higher rates of ulcer healing;
positive likelihood ratios range from 4.86 to
6.40 and corresponding negative likelihood
ratios from 0.03 to 0.40.

a Diagnostic odds ratio is defined as
odds of a positive test result in
people with disease relative to the
odds of a positive test result in
those without disease.
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Off-Loading | Off-loading repetitive mechanical stress on the foot,
consisting of reducing weight bearing on the ulcer, is an important
aspect of treatment and reduces pressure over the wound by spread-
ing force over a larger unit area, thus providing an environment for
healing.55 The most effective treatment for off-loading a plantar foot
ulcer is a knee-high nonremovable off-loading device, either a total
contact cast or a knee-high walker rendered nonremovable.51 A total
contact cast is a special cast boot applied with minimal padding by
a cast technician. The knee-high walker is a prefabricated boot that
is generally applied with Velcro or straps. Both the total contact cast
and the walker spread force out over a large area, effectively reduc-
ing pressure at the ulcer by as much as 80% to 90% compared with
a standard shoe.55 Two national surveys of clinicians in the United

States and Australia show that the total contact cast was used in only
2% and 15% of patients, respectively, as a primary means of
off-loading.56,57 Clinicians frequently cited patient preference as a
reason for lack of total contact cast use.56 Alternatively, removable
walkers can reduce pressure effectively but do not promote heal-
ing as well as nonremovable walkers or total contact casts. Pooled
data from 14 randomized clinical trials (1083 patients) showed that
nonremovable devices were associated with improved healing com-
pared with removable devices (81.9% vs 66.1%; RR, 1.24; 95% CI,
1.09-1.41; P = .001).58 A study of 20 patients wearing waist-
mounted activity monitors and device-mounted monitors re-
ported that patients engaged in only 28% of their total daily activ-
ity while wearing the protective boot compared with when it was

Figure 3. Management of Active Diabetic Foot Complications

YES

NO YES

Confirmation of healed
diabetic foot ulcer

Continued surveillance
of ulcer in remission

Wound debridement

Limb-sparing amputation

Prolonged antimicrobials

YES

Revascularization

Testing for
osteomyelitis
as indicated

YES NONO

Follow-up shows good healing trajectory at 4 weeks

Patient presents with diabetic foot ulcer

• Initial examination and assessment of wound

Wound gradea: 1-3

• Clinical assessment of infection
• Laboratory tests such as white blood cell count, erythrocyte 
   sedimentation rate, and C-reactive protein as necessary

Infection gradea: 0 (none) Infection grade: 1-3

Ischemia gradea: 0-3

• Clinical assessment for ischemia
• Severity of ischemia can affect rate of healing, intensity
   of treatment (eg, wound care, off-loading, debridement),
   and the decision to perform vascular intervention 

Ischemia grade: 1-3Ischemia grade: 0 (none)

• Clinical assessment for ischemia

• Antimicrobial therapy with or without debridement

• Wound careb

• Nonremovable knee-high
   total contact casts or
   walkers are more effective
   than removable devices
• Removable knee-high or
   ankle-high walker devices
• Surgical off-loading, such as
   Achilles tendon lengthening,
   plus wound care

• Wound care
• Off-loading devices,
   such as postoperative
   healing sandals

• Assessment of likelihood for improved
   outcomes with revascularization based on
   operative risk and distribution of lower
   extremity artery disease

• Wound care 

• Off-loading devices, such as knee-high
   removable or postoperative healing
   sandals, as tolerated

• Testing for osteomyelitis
    as indicated
• Bone biopsy and culture
   is the preferred method
   of diagnosis

Osteomyelitis is present

NO

Prioritization of comfort-focused 
care to prevent wound 
deterioration and hospitalization, 
over amputation, as appropriate     

Reassessment of systemic  
factors affecting healing 
(eg, diabetes control) and 
any changes in wound, 
ischemia, or infection

Revascularization is likely to improve outcomesc 

Plantar wound is present

Flowchart for patients with a diabetic foot ulcer based on assessment and
treatment of the wound, of ischemia,35,49 and of foot infection.7 Additional
detail on off-loading wounds,51 wound management,52 treatment of infection,7

and management of chronic limb threatening ischemia may be found in the
International Working Group on the Diabetic Foot guidelines35 and Global
Vascular Guidelines.49

a Grading based on the Wound, Ischemia, and Foot Infection (WIfI) classification
system. See also Figure 2.

b See also Tables 3, 4, and 5.
c See also Table 6.
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not worn (345 [SD, 219] minutes vs 874 [SD, 828] minutes; P = .01).59

When patient use of removable devices is suboptimal and the foot
ulcer does not heal despite use of nonremovable off-loading de-
vices, surgical reconstruction to help off-load pressure may help.51

For an ulcer on the apex of the lesser toes, flexor tendon tenotomy
has become a first-line treatment, based on a recent single-center
randomized clinical trial of 16 people with diabetic foot ulcers at the
distal plantar digits (100% healing in the tenotomy group vs 37.5%
in the group not receiving tenotomy; P = .03).60 Achilles tendon
lengthening may reduce risk of ulcer recurrence (RR, 3.4; 95% CI,

1.4-8.2 [absolute rates not provided]) for plantar forefoot ulcers.51,58

These studies are summarized in Table 3.

Wound Dressings | Few data are available regarding the optimal
wound dressing for diabetic foot ulcers.52,62 The selection of a wound
dressing for a diabetic foot ulcer should be based on wound char-
acteristics, ie, location, presence and/or degree of inflammation, and
amount of exudate (Table 4 and Table 5). The dressing should pro-
mote a moist environment conducive to tissue growth and epithe-
lial migration without causing excess maceration. It is important to

Table 4. Wound Healing Dressing Types for Diabetic Foot Ulcersa

Dressing type Characteristics and use
Alginates These dressings form a damp gel on absorption, necessitating a secondary dressing. They are

conformable, filling dead spaces and managing moderate to heavy exudate effectively.
Suitable for wounds with light to moderate serous drainage.

Antimicrobial
dressings

These dressings contain substances such as silver or iodine that inhibit bacterial growth in the
wound, making them suitable for infected wounds or those at high risk of infection. However,
it is important to note that, as with each of these categories, there is a lack of strong evidence
recommending their use despite their widespread application.52

Collagens Derived from bovine, equine, porcine, or ovine (sheep) sources, these products help stimulate
wound healing. Available in various forms such as gel, pad, paste, powder, and sheets. Some
dissolve entirely while others need removal per the manufacturer’s guidelines. A secondary
dressing is usually required. Ideal for wounds showing granulation tissue, as they further
stimulate its formation.

Film dressings Thin, transparent dressings that foster a moist environment, promoting healing and enabling
wound assessment without removal. Ideal for superficial wounds with minimal exudate.

Foams These dressings are capable of absorbing moderate quantities of exudate and can be used
under compression.

Gauze Highly permeable dressing material, suitable for wound cleaning, as a cover dressing, and for
securing dressings. Gauze is not generally recommended as a primary wound dressing because
it can remove healthy granulation tissue during dry dressing changes.

Hydrocolloids These bacteria-proof dressings facilitate autolytic debridement. They are not appropriate for
infected wounds as they may damage fragile skin. Ideal for wounds with insignificant serous
drainage.

Hydrogels These are glycerin and water-based products available as amorphous gels, sheets, or
impregnated dressings. They can be antimicrobial, donate moisture to wounds, assist in
autolytic debridement, and possibly reduce pain. They require a secondary dressing and are
suitable for low-exudate wounds needing additional moisture. a Adapted from Sidawy and Perler.63

Table 3. Reducing Weight-Bearing Pressure on a Diabetic Foot Ulcer

Off-loading methods Description Outcome/benefit
Knee-high
nonremovable
off-loading device51

Total contact cast or
knee-high walker
rendered
nonremovable

Reduces pressure at the ulcer by 80%-90% compared with a
standard shoe55; promotes better healing compared with
removable devices (relative risk, 1.24; 95% CI, 1.09-1.41
[absolute rates not provided]). First-choice off-loading treatment
in international guidelines.51

Removable knee-high
and ankle-high
walkers51

Off-loading devices
that can be removed
by the patient

Reduces pressure effectively but does not promote healing as well
as nonremovable walkers or total contact cast. Second-choice
off-loading treatment in international guidelines.51 A study of
20 patients wearing waist-mounted activity monitor and
device-mounted monitor reported patients engaged in only 28%
of their total daily activity while wearing the protective boot
compared with when it was not worn (345 [SD, 219] min vs 874
[SD, 828] min; P = .01).59

Felted foam in
appropriately fitting
shoes

Felted foam applied to
at least the ulcer
region

Reduces pressure and heals plantar ulcers less effectively than
nonremovable and removable devices. Felted foam may be
considered in combination with appropriately fitting shoes when
off-loading devices are not available or tolerated.51

Flexor tendon tenotomy Surgical procedure for
ulcers on the apex of
the lesser toes

100% vs 37.5% healing ((P = .03) in a single-center randomized
clinical trial of 16 patients with diabetic foot ulcers at the distal
plantar digits; flexor tendon tenotomy was compared with
debridement, moisture-retentive dressings, and nonsurgical
off-loading.60

Achilles tendon
lengthening

Surgical procedure for
plantar forefoot ulcers
if nonsurgical
treatment fails

One randomized clinical trial of 64 participants showed
significantly reduced forefoot plantar pressure compared with
presurgical levels (647.2 [SD, 306.7] kPa vs 892.4 [SD, 176.6]
kPa; P = .005), a small, nonsignificant effect on healing of foot
ulcers when combined with a total contact cast compared with a
total contact cast alone (relative risk, 1.10; 95% CI, 0.96-1.27),
and reduced risk of recurrence for patients in diabetic foot ulcer
remission (relative risk, 3.4; 95% CI, 1.4-8.2).51,61
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select dressings that remove excess fluid to prevent further tissue
inflammation and damage from prolonged contact with the wound
or its periphery. In general, hydrogels are preferred for wounds that
produce little exudative drainage, while alginates or hydrofibers are
recommended for heavily draining wounds.63,64

Several new topical therapies have been shown to accelerate
wound healing in multicenter randomized clinical trials.52 A topical
fibrin and leucocyte platelet patch has reported efficacy in a large
randomized clinical trial.65 The patch is made by bedside centrifu-
gation of the patient’s venous blood to generate a disk of autolo-
gous leucocytes, platelets, and fibrin that is placed on the wound.
The randomized clinical trial reported a significant benefit to those
receiving topical treatment at 20 weeks compared with standard of
care based on International Working Group on the Diabetic Foot
guidelines consisting of off-loading, wound debridement, and mois-
ture-balancing dressings (n = 269; 34% vs 22% healed; OR, 1.58;
95% CI, 1.04-2.40; P = .02).

Placenta-derived products have been studied as potential thera-
pies over the last 2 decades. These products contain growth fac-
tors, collagen-rich extracellular matrix, and cells that might accel-
erate wound healing. Most frequently used placenta-derived
treatments are cryopreserved preparations that contain living cells
and growth factors, and dehydrated products that contain growth
factors but not living cells.66,67 In a meta-analysis of 11 multicenter
randomized clinical trials of 655 participants with noninfected,
nonischemic diabetic foot ulcers, patients receiving placenta-
derived products had a higher incidence of complete resolution of
diabetic foot ulcer at 12 to 16 weeks than those with similar care and
an alginate or foam control dressing (66.9% vs 34.1%; RR, 2.0; 95%
CI, 1.67-2.39; P < .001).68

In the EXPLORER study, a double-blind randomized clinical trial
comparing a sucrose octasulfate dressing with an identical control
lipocolloid dressing in the treatment of 240 patients with diabetic
foot ulcers and concomitant mild peripheral artery disease, healing
at 20 weeks was observed among 48% of patients receiving active
therapy vs 30% among those receiving standard care (adjusted OR,
2.60; 95% CI, 1.43-4.73; P = .002).69

Hyperbaric oxygen therapy may be an adjunctive therapy in dia-
betic foot ulcers with concomitant peripheral artery disease when
standard of care alone has not attained healing, based on the re-
sults of several randomized clinical trials that are not consistent in
their outcomes.52 Topical oxygen as an adjunct therapy in diabetic
foot ulcers may be considered when standard of care alone has failed
(<50% of ulcer healed at 4 weeks), based on recent meta-analyses
of randomized clinical trials and systematic reviews.52,72 Pooled re-
sults from the most recent meta-analysis showed improved heal-
ing with topical oxygen therapy over sham controls (43.0% vs
28.0%; RR, 1.59; 95% CI, 1.07-2.37; P = .02).72

Negative pressure wound therapy has been widely used as an
adjunct therapy in the treatment of complicated and postoperative
wounds in the diabetic foot for the last 2 decades.52,64 Multiple
well-designed randomized clinical trials support its use to improve
healing in both partial foot amputations and diabetic foot
ulcers.73,74 A meta-analysis of 943 patients with diabetic foot
ulcers from 9 randomized clinical trials reported that negative pres-
sure wound therapy was associated with improved healing, com-
pared with treatment with moist wound healing (OR, 3.60; 95% CI,
2.38-5.45; P < .001).74 Negative pressure wound therapy is most
effective in resolving wound depth and creating a bed of predomi-
nant granulation tissue, at which point it may be discontinued and

Table 5. Wound Healing Therapies for Diabetic Foot Ulcers

Wound healing
therapies Description Outcome/benefit
Dressing selection Based on wound characteristics,

ie, location, inflammation, and
amount of exudate

Promote a moist environment conducive to tissue growth and
epithelial migration.63,64

Topical fibrin and
leucocyte platelet
patch

Autologous leucocytes,
platelets, and fibrin placed on
the wound

Randomized clinical trial of 269 patients reported improved
healing at 20 wk with patch compared with standard of care
consisting of adequate off-loading, wound debridement, and
moisture-balancing dressings (34% vs 22% healed; odds ratio,
1.58; 95% CI, 1.04-2.40).65

Placenta-derived
products

Contain growth factors,
collagen-rich extracellular
matrix, and cells that might
accelerate wound healing

Higher likelihood of complete healing at 12-16 wk compared
with control dressing (relative risk, 2.0; 95% CI, 1.67-2.39;
P < .001).66-68 Data from a meta-analysis of 11 multicenter
randomized clinical trials involving 655 people with diabetic
foot ulcers.

Sucrose octasulfate
dressing

Used in treatment of
neuroischemic diabetic foot
ulcers

Improved healing in a single randomized clinical trial of 240
people with diabetic foot ulcers and mild peripheral artery
disease at 20 wk compared with an identical control
lipocolloid dressing (48% vs 34%; odds ratio, 2.60; 95% CI,
1.43-4.73).69

Hyperbaric oxygen
therapy

Adjunct therapy in
neuroischemic or ischemic
diabetic foot ulcers when
standard of care alone has failed

Improved healing in a single randomized clinical trial of 94
patients receiving hyperbaric oxygen therapy vs sham at
1 year (61% vs 27%; P = .009),70 but more recent trials did
not show a significant effect of hyperbaric oxygen
therapy.52,71

Topical oxygen
therapy

Adjunct therapy in diabetic foot
ulcers when standard of care
alone has failed

Improved healing over sham controls in a meta-analysis of
492 patients with diabetic foot ulcers: 43.0% in active group
vs 28.0% in sham device group (relative risk, 1.59; 95% CI,
1.07-2.37; P = .02).72

Negative pressure
wound therapy

Used in treatment of
complicated and postoperative
wounds in the diabetic foot

Improved healing in a meta-analysis of 943 patients who
received negative pressure wound therapy vs standard
moisture-balancing dressings (odds ratio, 3.60; 95% CI,
2.38-5.45; P < .001). Effective in resolving wound
depth.64,73-75

Clinical Review & Education Review Diabetic Foot Ulcers

70 JAMA July 3, 2023 Volume 330, Number 1 (Reprinted) jama.com

© 2023 American Medical Association. All rights reserved.

Downloaded from jamanetwork.com by CommonSpirit Health user on 11/13/2024

http://www.jama.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2023.10578


replaced with skin grafting or wound dressings as described above.
Although there are no comparative data, skin grafting may be con-
sidered to cover larger defects that might otherwise take longer
to heal.76

The American Diabetes Association recently recommended the
use of negative pressure wound therapy and topical oxygen therapy
as therapies that might be considered in wounds that fail to re-
spond to standard debridement, wound care, and off-loading.64,77

The International Working Group on the Diabetic Foot only recom-
mends considering use of negative pressure wound therapy in post-
surgical wounds.52

Treatment of Infected Diabetic Foot Ulcers
Early management of diabetic foot infection reduces the risk of hos-
pitalization and amputation.78 In a study of 668 patients with dia-
betic foot ulcer infection treated in a single hospital, there was a 0.6%
increased risk of major amputation or death for each day that refer-
ral to the medical center was delayed (OR, 1.006; 95% CI, 1.003-
1.010; P < .001 [absolute rates not provided]).78 Although many dia-
betic foot ulcer infections are superficial, some may require surgical
intervention to remove infection in deep soft tissue. In the absence
of an acute soft tissue infection in forefoot osteomyelitis, antibiot-
ics may be as effective as surgery.7 A single-center trial randomly as-
signed 46 patients with forefoot osteomyelitis and diabetic foot ul-
cers to either surgical resection and a 10-day postoperative antibiotic
course or a 90-day course of antimicrobials alone. The median time
to healing was 7 weeks in the antibiotic group vs 6 weeks in the sur-
gery group (P = .72). There was no difference in the incidence of mi-
nor amputations between groups (16.6% vs 13.6%; P = .34).79

Treatment of Peripheral Artery Disease
Lower extremity revascularization aims to restore pulsatile arterial
flow to the foot in chronic limb-threatening ischemia.35,38,80 In pa-
tients with chronic limb-threatening ischemia who require revascu-
larization for tissue healing, delayed revascularization is associated
with slower healing. A prospective study of 478 patients identified
an improved rate of wound healing among patients undergoing re-
vascularization with shorter time to healing among those who re-
ceived a referral for revascularization within 56 days compared with

those who had a longer time to revascularization (hazard ratio [HR],
1.96; 95% CI, 1.52-2.52; P < .001 [absolute rates not provided]).78,81

A retrospective study of 314 patients with diabetes reported that
waiting more than 14 days before lower extremity revasculariza-
tion was associated with a higher rate of major amputation com-
pared with earlier revascularization (OR, 3.1; 95% CI, 1.4-6.9 [abso-
lute rates not provided]).82

A systematic approach may be adopted for revascularization
based on overall operative risk assessment and the anatomical dis-
tribution of lower extremity artery disease.49 Revascularization
should be offered to most patients with chronic limb-threatening
ischemia; however, older age, presence and severity of medical co-
morbidities, impaired functional status, and shorter life expec-
tancy are important preoperative factors to consider when deter-
mining whether revascularization is likely to improve outcomes.35,49

Primary lower extremity amputation without revascularization may
be appropriate in selected patients, including patients who are non-
ambulatory at baseline and patients with frailty.49,83 Both open sur-
gery and endovascular therapy can be appropriate for chronic limb-
threatening ischemia.35,49 In 1434 patients who were candidates for
either surgery (including a single-segment great saphenous vein for
bypass) or endovascular treatment (71.8% had diabetes), surgical
bypass appeared to be superior to endovascular therapy based on
the risk of major adverse limb events, defined as major amputation
or a major limb reintervention (repeat bypass graft, graft revision,
thrombectomy, or thrombolysis) or death (42.6% vs 57.4%; HR,
0.68; 95% CI, 0.59-0.79).84 Table 6 summarizes the treatment of
peripheral artery disease in patients with diabetic foot ulcers.

Long-Term Management, Follow-Up, and Outcomes
Multidisciplinary Team Care
Options for long-term management are summarized in Table 7.
A multidisciplinary team approach (structured diabetic foot ser-
vices) has been shown to reduce diabetes-related lower extremity
amputation.85 Although the team composition and activities of a
multidisciplinary team can vary, it generally includes at least 1 medi-
cal specialty clinician (most commonly endocrinology, infectious
diseases, or primary care) and 2 or more surgical specialty clinicians
(vascular, podiatric, orthopedic, or plastic surgery).85,86 The pooled

Table 6. Treatment of Diabetic Foot Ulcers in Cases of Peripheral Artery Disease

Treatment of ischemia Description Outcome/benefit
Timely
revascularization81,82

Restores pulsatile arterial
flow to the foot in chronic
limb-threatening ischemia

In a study of 478 patients with diabetic foot ulcers, faster
wound healing for patients undergoing revascularization
within 56 d (hazard ratio, 1.96; 95% CI, 1.52-2.52;
P < .001).81

In a study of 246 limbs with chronic limb-threatening
ischemia, reduced risk of major amputation for patients
with revascularization within 14 d (odds ratio, 3.1; 95% CI,
1.4-6.9).82

Primary lower extremity
amputation (without
salvage attempt)49

Appropriate in selected
patients, including patients
nonambulatory at baseline
and patients with severe
frailty

Offers alternative treatment for patients who are not
suitable candidates for revascularization (expert
consensus).

Surgical bypass vs
endovascular therapy84

Both open surgery and
endovascular therapy are
used for chronic
limb-threatening ischemia

In a randomized clinical trial of 1434 patients who were
candidates for either surgery bypass (including
single-segment great saphenous vein for bypass) or
endovascular treatment (71.8% had diabetes), surgical
bypass appeared superior to endovascular therapy in
patients with adequate great saphenous vein (hazard ratio,
0.68; 95% CI, 0.59-0.79) for composite outcome of a
major adverse limb event (amputation above ankle, major
limb intervention, or death) (42.6% vs 57.4%).
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OR for reduction in major amputation after implementation of a
multidisciplinary care team relative to usual care was 0.40 (3.2% vs
4.4%; OR, 0.40; 95% CI, 0.32-0.51; P < .001) across 18 studies and
38 608 participants.86 The team should also include expertise in
prescription and management of footwear. A meta-analysis of ran-
domized clinical trials with 1587 participants reported that thera-
peutic footwear, relative to usual care, significantly reduced inci-
dence of diabetic foot ulcers (13.3% vs 25.4%; RR, 0.49; 95% CI,
0.28-0.84; P < .01).87 The efficacy of therapeutic footwear is sup-
ported by the findings of other meta-analyses of randomized clini-
cal trials for therapeutic footwear and for pressure-relieving
custom-made footwear.93

In addition to specialists in wound care, infectious diseases,
and vascular care, the team should include clinicians with exper-
tise in rehabilitation, nutrition, and psychological care. Diabetic
foot ulcers have a substantial effect on health-related quality of
life, and depression in patients with diabetic foot ulcers is com-
mon. In a meta-analysis of 11 studies and 2117 people, 47% of
patients with diabetic foot ulcers had symptoms of depression.88

Depression has been associated with increased mortality in
patients with diabetic foot ulcers. A single-center investigation of
253 patients with diabetic foot ulcers reported that the presence
of depressive disorders was associated with a 2-fold increase in
mortality for any depressive episode (HR, 2.09; 95% CI, 1.34-3.25
[absolute rates not provided]), minor depressive disorder (HR,
1.93; 95% CI, 1.00-3.74 [absolute rates not provided]), or major
depressive disorder (HR, 2.18; 95% CI, 1.31-3.65 [absolute rates

not provided]), in comparison with absence of depression.89

Many patients with diabetic foot ulcers have some degree of
nutritional deficit.90 A meta-analysis of 1565 patients with dia-
betic foot ulcers reported lower vitamin D levels (mean differ-
ence, −6.48 nmol/L; 95% CI, −10.84 to −2.11 nmol/L; P < .004),
higher prevalence of vitamin D deficiency (<50 nmol/L) (73.7% vs
67.3%; OR, 1.82; 95% CI, 1.32-2.52; P = .003), and higher preva-
lence of severe vitamin D deficiency (36.5% vs 21.6%; OR, 2.53;
95% CI, 1.65-3.89; P < .001) compared with 6021 patients with
diabetes and no diabetic foot ulcer.94 Although there are no stud-
ies of nutritional interventions, a focus on optimizing glucose con-
trol and adequate protein intake may be beneficial.90

Regarding glucose control, a meta-analysis of 47 studies includ-
ing 12 604 diabetic foot ulcers showed an elevated risk of lower ex-
tremity amputation with increased hemoglobin A1c and fasting glu-
cose levels (for hemoglobin A1c �8% vs <8%: OR, 4.80 [95% CI,
2.83-8.13]; for fasting glucose �126 mg/dL vs <126 mg/dL: OR, 1.46
[95% CI, 1.02-2.09]). However, no relationship was found be-
tween hemoglobin A1c category and wound healing.95

High-quality evidence is lacking to support that tight glycemic con-
trol reduces the risk of first or recurrent foot ulcers.

Prognosis
Although approximately 30% to 40% of diabetic foot ulcers heal
at 12 weeks, 23% of patients have a nonhealed diabetic foot
ulcer at 12 months.92 The recurrence rate of diabetic foot ulcers
after treatment of any kind is estimated to be 42% at 1 year and

Table 7. Long-Term Management and Prognosis

Description Outcome/benefit

Multidisciplinary team
approach85,86

Structured diabetic foot services
involving various medical and
surgical specialties (eg, podiatry,
infectious disease, vascular surgery,
and primary care)

Significant reduction in major lower extremity
amputation relative to usual care (pooled odds ratio,
0.40; 95% CI, 0.32-0.51 [absolute data not available]).

Therapeutic
footwear87

Prescription and management of
footwear as part of multidisciplinary
care

Meta-analysis of 8 randomized clinical trials including
1587 participants showed reduced incidence of
diabetic foot ulcer (relative risk, 0.49; 95% CI,
0.28-0.84) with therapeutic footwear relative to
those not wearing prescriptive shoes and custom
insoles.

Rehabilitation,
psychological care,
and nutrition88-91

Addressing patients’ mental health,
nutritional deficits, and overall
quality of life

47% of people with diabetic foot ulcers have
concomitant depression based on a meta-analysis of
11 studies.88 A single-center investigation of 253
patients with diabetic foot ulcers reported that the
presence of depressive disorders was associated with
a 2-fold increase in mortality risk for any depressive
episode (hazard ratio, 2.09; 95% CI, 1.34-3.25) in
comparison with an absence of depression.89

A meta-analysis of 1565 patients with diabetic foot
ulcers reported lower vitamin D levels (mean
difference, −6.48 nmol/L; 95% CI, −10.84 to −2.11
nmol/L; P < .004), higher prevalence of vitamin D
deficiency (<50 nmol/L) (odds ratio, 1.82; 95% CI,
1.32-2.52; P < .001), and higher prevalence of
severe vitamin D deficiency (odds ratio, 2.53; 95% CI,
1.65-3.89; P < .001) compared with 6021 patients
with diabetes and no diabetic foot ulcer.

Healing rate Healing rates of diabetic foot ulcers 30%-40% healing at 12 wk; 23% still unhealed at
12 mo, derived from the US Wound Registry of 71 957
diabetic foot ulcers.92

Recurrence rate in
diabetic foot ulcer
remission2

Recurrence rates of diabetic foot
ulcers after healing

Pooled data from 8 prospective studies with 1738
participants, 1 retrospective study with 46
participants, and the usual care groups of 9
randomized clinical
trials with 636 participants reported that the risk of
recurrence of diabetic foot ulcer was 42% at 1 year,
58% at 3 years, and 65% at 5 years.
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65% at 5 years.2 A recent longitudinal study of 129 patients in
diabetic foot ulcer remission found that only 17% had wound
recurrence at the identical location, with 48% having a recur-
rence on the contralateral foot.96 The high rate of recurrence
underscores the need for continued surveillance by the patient
and medical team.28

Limitations
This Review has limitations. First, non–English-language articles were
not included. Second, some relevant publications may have been

missed. Third, not all aspects of diabetic foot ulcer treatment or
screening were covered.

Conclusions
Diabetic foot ulcers affect approximately 18.6 million people
worldwide and are associated with increased rates of amputation
and death. Surgical debridement, reducing pressure from weight
bearing, treating lower extremity ischemia and foot infection, and
early referral for multidisciplinary care are first-line therapies for
diabetic foot ulcers.
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