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Background: A comprehensive understanding of clini-
cal risk factors for developing foot ulcerations would help
clinicians to categorize patients by their risk status and
schedule intervention resources accordingly to prevent
amputation.

Objective: To evaluate risk factors for foot ulcerations
among persons with diabetes mellitus.

Method: We enrolled 225 age-matched patients,
46.7% male, with a ratio of approximately 1:2 cases:
controls (76 case-patients and 149 control subjects).
Case-patients were defined as subjects who met the
enrollment criteria and who had an existing foot ulcer-
ation or a recent history of a foot ulceration. Control
subjects were defined as subjects with no history of
foot ulceration. A stepwise logistic regression model
was used for analysis.

Results: An elevated plantar pressure (.65 N/cm2), his-
tory of amputation, lengthy duration of diabetes (.10

years), foot deformities (hallux rigidus or hammer toes),
male sex, poor diabetes control (glycosylated hemoglo-
bin .9%), 1 or more subjective symptoms of neuropa-
thy, and an elevated vibration perception threshold
(.25 V) were significantly associated with foot ulcer-
ation. In addition, 59 patients (78%) with ulceration had
a rigid deformity directly associated with the site of ul-
ceration. No significant associations were noted be-
tween vascular disease, level of formal education, ne-
phropathy, retinopathy, impaired vision, or obesity and
foot ulceration on multivariate analysis.

Conclusions: Neuropathy, foot deformity, high plan-
tar pressures, and a history of amputation are signifi-
cantly associated with the presence of foot ulceration. Al-
though vascular and renal disease may result in delayed
wound healing and subsequent amputation, they are not
significant risk factors for the development of diabetic
foot ulceration.
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F OOT ULCERATION is one of the
most common precursors to
lower extremity amputa-
tions among persons with
diabetes mellitus.1,2 Ulcer-

ations are pivotal events in limb loss for 2
important reasons. They allow an avenue
for infection, and they can cause progres-
sive tissue necrosis and poor wound heal-
ing in the presence of critical ischemia. In-
fections involving the foot rarely develop
in the absence of a wound in adults with
diabetes, and ulcers are the most com-
mon type of wound in these patients.3 Foot
ulcers, therefore, play a central role in
lower extremity amputation. Clearly, the
identification of an increased risk for ul-
ceration is of central importance in any
plan for amputation prevention.

Some descriptive studies suggest that
40% to 85% of amputations among per-
sons with diabetes can be prevented with
a team approach.4-9 To help accomplish this

goal, a comprehensive understanding of
clinical risk factors for the development of
foot ulcerations would help primary care
providers to categorize patients by their risk
status and schedule intervention re-
sources accordingly. Previous studies of risk
factors for ulcerations have identified pe-
ripheral neuropathy, vascular disease, lim-
ited joint mobility, foot deformities, abnor-
mal foot pressures, a history of ulceration
or amputation, and impaired visual acuity
as important factors.10-13 We have been un-
able to identify any existing work that con-
siders all of these factors and their pos-
sible interactions in the same report.
Therefore, the purpose of this study was to
evaluate risk factors for foot ulcerations
among persons with diabetes mellitus.

RESULTS

On univariate analysis, we noted numer-
ous significant associations between
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groups. Men with diabetes mellitus of durations longer
than 10 years with 1 or more subjective symptoms of neu-
ropathy and a history of an amputation or lower extrem-
ity bypass were more likely to present with an ulcer.
Twenty-nine patients had a history of amputation, 27
(93%) of whom were in the group with ulcers. Of the pa-

tients with amputation, 20 had an amputation at the level
of the digit, 4 at the midfoot level, and 5 were below-
knee. Of these amputations, 7 were performed on the con-
tralateral extremity (5 below-knee and 2 digital ampu-
tations). The 2 amputations performed in the control
group were trauma-related. In addition, subjects with any

PATIENTS AND METHODS

This project was conducted as a case-control study at the
Texas Diabetes Institute and The University of Texas Health
Science Center Clinics at San Antonio. The Texas Diabe-
tes Institute is a model program for multidisciplinary dia-
betes care and includes the core participation of practi-
tioners in general internal medicine, endocrinology,
ophthalmology, podiatry, diabetes nurse education, and so-
cial services. Following informed consent, all patients were
enrolled sequentially from these clinics. Before recruit-
ment, institutional review board approval was secured. We
enrolled 76 case-patients and 149 control subjects who met
the following criteria: (1) the presence of diabetes melli-
tus based on World Health Organization criteria14; (2) evalu-
ation by medicine and ophthalmology services within the
past 3 months at the time of enrollment; (3) glycosylated
hemoglobin, urinalysis, creatinine, and blood urea nitro-
gen laboratory studies performed in the past 3 months; and
(4) age 18 to 80 years.

Case-patients were defined as subjects who met the
above criteria with an existing or a recently healed (,4
weeks) foot ulceration. Control subjects were defined as
those who had never had a foot ulceration. Patients with
ulcers on the ankle or leg were eliminated from the study.
Descriptive statistics for the study patients are summa-
rized in Table 1.

Study participants were given a physical examina-
tion and interviewed for exposure variables, including de-
mographic data; general medical, surgical, and social his-
tory; diabetes and diabetes-related complication history;
visual acuity; and lower extremity vascular, neurologic, mus-
culoskeletal, and dynamic foot pressure assessment. Dia-
betes mellitus was stratified into type 1 or 2 based on the
criteria described by the National Institutes of Health’s Na-
tional Diabetes Data Group.15 Renal function was strati-
fied using the following criteria: no albuminuria (,20
µg/min) vs microalbuminuria (20-200 µg/min), macro-
albuminuria (.200 µg/min), or chronic renal insuffi-
ciency (creatinine level, .350 µmol/L [.4.0 mg/dL]; cur-
rent dialysis; history of renal transplantation).16,17 The
presence and severity of diabetic retinopathy was assessed
from centrally graded retinal photographs taken with a wide-
angle camera. These were evaluated by 1 grader who had
no knowledge of the patients’ case or control status. Reti-
nopathy was classified as none vs background or prolif-
erative. Proliferative retinopathy was differentiated from
background retinopathy by the presence of any neovascu-
larization, fibrous proliferations, preretinal hemorrhage, vit-
reous hemorrhage, or photocoagulation scars.18 In addi-
tion, best-corrected visual acuity was evaluated using a
Rosenbaum eye chart at the standard distance of 36 cm.19

Subjects were allowed to wear glasses or contact lenses to
assess their best-corrected vision. Corrected vision was
scored as normal (,20/20), impaired (20/25 to 20/200),
or legally blind (.20/200). We also asked subjects to

attempt to place their foot in a position that would allow
them to see the bottom of their foot regardless of their vi-
sual acuity. For this examination, self-evaluation skill was
considered impaired if subjects were unable to position their
foot and successfully read 0.5-cm type.10

We assessed the presence of peripheral sensory neu-
ropathy using vibration perception threshold testing at the
distal great toe with a Biothesiometer (Biomedical Instru-
ment Co, Newbury, Ohio).20 Peripheral vascular disease of
the lower extremities was evaluated using several dichoto-
mous variables. These included the Rose Intermittent Clau-
dication Scale (history of claudication = score .10 points),21

the absence of palpable dorsalis pedis and posterior tibial
pulses in the foot, transcutaneous oxygen tension on the dor-
sal aspect of the first intermetatarsal space (,30 mm Hg),11

and the ankle-brachial systolic blood pressure index
(,0.80).22 The CAGE questionnaire for evaluating ethanol
abuse was used to dichotomize patients by the presence of
alcoholism.23 A value of 3 or higher was considered evi-
dence of ethanol abuse using these criteria. Tobacco use was
defined as any history of past or current smoking.

We averaged 3 measurements of the first metatarso-
phalangeal joint, the subtalar joint, and ankle joint range
of motion to assess limited joint mobility of the forefoot,
rear foot, and ankle. From these measurements, we deter-
mined the presence of ankle joint equinus (,0° dorsiflex-
ion), limited subtalar joint motion (,20° total joint mo-
tion), and hallux rigidus (,50° hallux dorsiflexion).24-26 To
categorize forefoot deformities in addition to hallux rigi-
dus, we evaluated the foot for the presence of hallux val-
gus, toe contractures (hammer-toe, claw-toe, or mallet-
toe deformities), subluxation or dislocation of the
metatarsophalangeal joints, and prominent metatarsal heads
on the sole of the foot. In addition, we used the EMED pres-
sure platform system (Novel, Dusseldorf, Germany) to evalu-
ate dynamic barefoot pressures on the sole of the foot. An
average of pressures from 3 midgait steps was used for the
purposes of analysis.

In the initial analysis of the data, we stratified continu-
ous variables into normal and abnormal categories and then
performed x2 tests. We calculated odds ratios and 95% con-
fidence intervals for exposure variables with an a of .05. To
control for possible confounding variables, we then used a
stepwise logistic regression analysis to model the effects of
exposures and interactions. Only variables in the univariate
model that achieved a P value of less than .25 were included
in the regression analysis model.27,28 Following multivariate
analysis, to compare the additive risk, we restratified cases
into 4 categories based on theorized increasing risk for ul-
ceration. These categories included the following: intact pro-
tective sensation (category 0); loss of protective sensation,
no deformity, and no history of ulceration or amputation (cat-
egory 1); loss of protective sensation, deformity, but no his-
tory of ulceration or amputation (category 2); and loss of pro-
tective sensation, deformity, plus a history of ulceration or
amputation (category 3).29,30 Odds ratios were then calcu-
lated for each of these categories.
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concomitant nephropathy, retinopathy, or poor glucose
control were at a significantly higher risk for ulceration.
On physical examination, a loss of protective sensation,
increased plantar pressure, and the presence of a foot
deformity or a limited joint were signs significantly as-
sociated with the presence of ulceration. These data are
summarized in Table 2.

Using a stepwise logistic regression model, we evalu-
ated the possible interactions of the univariate associa-
tions. These data are summarized in Table 3. Not sur-
prisingly, numerous variables that were statistically
significant in the univariate analysis did not meet the cri-
teria for significance in the logistic regression model af-
ter the correction for confounding. In this model, in-
creased plantar pressure (.65.0 N/cm2), a history of
amputation, prolonged diabetes mellitus (.10 years),
foot deformities (hallux rigidus, hallux valgus, or toe
deformities), male sex, poor diabetes control (glyco-
sylated hemoglobin .9.0%), 1 or more subjective
symptoms of neuropathy, and an elevated vibration
perception threshold (.25 V) were significantly associ-
ated with foot ulceration. In addition, 78% of patients
with an ulcer had a rigid deformity directly associated
with the site of ulceration.

We then evaluated the cumulative risk associated
with common foot-specific factors (neuropathy, foot de-
formity, and foot amputation history) that can be easily
incorporated into a normal clinical examination of a dia-
betic foot. As expected, the cumulative risk for ulcer-
ation increased with the addition of each variable. Pa-
tients with only peripheral neuropathy and no other risk
factors were at 1.7 times greater risk for ulceration. Pa-
tients with both neuropathy and foot deformity were 12.1
times more likely to have an ulcer, and patients with neu-
ropathy, deformity, and a history of amputation were 36.4

times more likely to have a wound develop. These data
are summarized in Table 4.

Numerous associations were conspicuous in their
absence. No significant multivariate associations were
noted between vascular disease (ankle-brachial sys-
tolic pressure index ,0.80, palpable pedal pulses, or
transcutaneous oxygen tension ,30 mm Hg), level of
formal education, nephropathy, retinopathy, impaired
vision, ethanol abuse, or obesity and foot ulceration.
Retinopathy and nephropathy, although significant on
univariate analysis, did not meet the criteria for signifi-
cance in the multivariate model. Furthermore, there
was no significant association between past or current
tobacco use and ulceration. This was true whether past
and current tobacco use were grouped together or ana-
lyzed separately.

COMMENT

This study evaluates several potential risk factors for dia-
betic foot ulcerations. The results suggest that a dura-

Table 1. Descriptive Characteristics of Patients
With Diabetes Mellitus*

Characteristic Ulcer No Ulcer

Patients, No. 76 149
Age, y 52.7±10.4 (28-75) 51.8±10.4 (20-76)
Male sex, % 74† 33
Type 2 diabetes

mellitus, %
95 93

Duration of diabetes
mellitus, y

14.5±9.1 (0-35) 9.2±8.8 (1-49)

Education, y 9.3±3.7 (1-18) 9.0±3.9 (0-16)
Glycosylated

hemoglobin, %
9.9±2.4 (5.0-17.4) 8.6±1.9 (4.6-15.3)

Body mass index‡ 30.8±5.7 (22.4-48.9) 32.3±6.2 (17.8-51.6)
Peak plantar

pressure, N/cm2
81.9±24.5 (10.0-125.0) 62.7±21.4 (7.3-113.0)

Ankle-brachial index 0.96±0.17 (0.38-1.19) 0.99±0.16 (0.25-1.19)
Transcutaneous

oxygen tension,
mm Hg

45.8±18.5 (10.0-88.0) 41.0±13.9 (6.0-88.0)

Vibration perception
threshold, V

38.9±12.6 (8.0-50.0) 15.1±10.8 (4.0-50.0)

*See text for criteria for enrollment. Values are expressed as mean±SD
(range) except where noted otherwise.

†P,.05.
‡Measured in kilograms per meter squared.

Table 2. Independent Risk Factors for Ulceration:
Univariate Model*

Risk Factor

Ulcer vs
Nonulcer
Group,
% vs %

Odds
Ratio P

Historical data
Male sex, % 74 vs 33 5.7 ,.001
Diabetes duration .10 y 54 vs 21 4.5 ,.001
$1 Subjective symptoms

of neuropathy
92 vs 66 6.1 ,.001

Previous amputation 36 vs 1 40.5 ,.001
Lower extremity bypass 4 vs 0 3.0 ,.04
Current or past tobacco use 64 vs 56 0.8 .74
Alcohol abuse 16 vs 9 1.8 .19
Intermittent claudication 13 vs 6 2.3 .08

Diabetes comorbidities
Any nephropathy 71 vs 44 3.1 ,.001
Microalbuminuria 14 vs 20 0.7 .90
Macroalbuminuria 43 vs 22 2.7 ,.001
End-stage renal disease 13 vs 3 5.5 ,.003
Any retinopathy 66 vs 35 3.6 ,.001
Background retinopathy 43 vs 26 2.2 ,.009
Proliferative retinopathy 22 vs 9 3.0 ,.005
Glycosylated hemoglobin

.9.0%
68 vs 49 3.0 ,.001

Impaired vision 48 vs 47 1.0 .97
Legally blind 14 vs 7 2.4 .09

Physical examination
Loss of protective sensation

(VPT .25 V)
84 vs 14 32.5 ,.001

Plantar pressure .65 N/cm2 72 vs 42 3.6 ,.001
Hallux rigidus, hallux valgus,

or rigid toe deformity
86 vs 56 4.6 ,.001

Ankle equinus 41 vs 23 2.3 ,.005
Limited subtalar joint range

of motion
47 vs 30 2.1 ,.009

Unable to see bottom of foot 54 vs 49 1.2 .49
$1 Palpable foot pulse 87 vs 94 0.4 .09
Ankle-brachial index ,0.80 10 vs 6 1.2 .1
Transcutaneous oxygen

pressure ,30 mm Hg
16 vs 17 1.1 .85

*VPT indicates vibration perception threshold.
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tion of diabetes mellitus of more than 10 years, male sex,
poor diabetes control, neuropathy, foot deformity, high
plantar foot pressures, and a history of amputation are
significantly associated with the presence of foot ulcer-
ation. Surprisingly, macrovascular and microvascular dis-
ease were not significant risk factors for ulceration in ei-
ther the univariate or multivariate analysis.

Vascular disease has been strongly associated with
diabetes-related lower extremity amputations. That it
might also be an important risk factor for foot ulcer-
ation, therefore, seemed likely. Other reports on vascu-
lar compromise as a risk factor for diabetic foot ulcer-
ation provide mixed results. Macrovascular disease, as
defined by the ankle-brachial index (,0.80), was not iden-
tified as a significant risk factor in either univariate or
multivariate models in previous studies.11,12 In contrast,
McNeely et al11 suggested that transcutaneous oximetry
measurements were significantly lower in persons with
ulcers. The cutoff point used in this study as the basis to
define disease, however, was 60 mm Hg, which is higher
than that in most other work in this area. In addition, it
has been suggested that patients with peripheral arterial
occlusive disease could maintain the integrity of the in-
tegument in the presence of low transcutaneous oxygen
measurements.31 Obviously, the evaluation of markers
for vascular disease is critical during diabetic foot
screening. The results of this investigation suggest,
however, that vascular disease is probably a more im-
portant risk factor for delayed wound healing and com-
mensurate amputation than ulceration in persons with
diabetes.

As expected, the presence of peripheral sensory neu-
ropathy was one of the strongest risk factors for foot ul-
ceration in this study. Patients with a loss of protective
sensation, as determined by testing the vibratory per-
ception threshold, were more than 15 times as likely to
present with an ulceration as patients with intact sensa-
tion in the multivariate model. Our results are consis-
tent with other case-control studies that have shown neu-
ropathy to be a pivotal risk factor for both amputation
and ulceration in persons with diabetes mellitus.2,3,11 This
reinforces the importance of a neurologic evaluation as
one of the initial criteria to screen patients at risk for foot
ulceration. Screening for neuropathy can be accom-
plished in a few minutes with the use of vibratory per-

ception threshold testing. For relatively low cost ($400),
the instrument provides reproducible, quantitative sen-
sory information that can be gathered quickly by a phy-
sician, nurse, or technician. Because this instrument pro-
vides quantitative information, it can also be used to
document the progression as well as the presence of neu-
ropathy. Other less expensive instruments such as
Semmes-Weinstein monofilaments (Gillis W. Long, Han-
sen’s Disease Center, Filament Project, Carvile, La) have
also been shown to be effective screening tools for iden-
tifying a high risk for foot ulceration24,32,33 and may be a
practical substitute for many physicians.

In addition to peripheral sensory neuropathy, high-
pressure areas on the sole of the foot is one of the classic
risk factors for foot ulceration. In a patient with neu-
ropathy, pressure sites exposed to repetitive trauma pro-
duced during normal walking are predisposed to injury
and ulceration. Brand34 described the scenario where neu-
ropathy, high plantar pressure, and repetitive trauma
formed the principal etiologic factors involved in the de-
velopment of foot wounds in patients with leprosy. This
concept has been incorporated in the treatment of in-
sensate diabetic foot wounds. Subsequent studies at-
tempted to identify a cutoff point for foot pressures be-
low which foot wounds were not likely to develop. For
instance, Young et al20 found that there were no ulcers
in patients with peak foot pressures of less than 112 N/
cm2. Patients with ulcers in our study demonstrated a
much greater range of foot pressures (10.0-125.0 N/
cm2), and the average peak foot pressure (82 N/cm2) was
much lower than the threshold level described by Young
et al. Patients with lower pressures probably require more
cycles of repetitive trauma before ulceration than pa-
tients with high peak plantar pressures.35 It seems intui-
tive that the development of plantar foot ulceration would
be a function of both of these variables.

Another mechanism of foot ulceration has been as-
sociated with constant as opposed to repetitive pres-
sures. This is common when tight shoes cause constant
pressure over bony prominences on the dorsum of the
lesser toes, at the medial aspect of the first metatarsal head,
or the lateral aspect of the fifth metatarsal. Foot defor-
mities, equinus, limited joint mobility, and previous foot
amputation probably contribute to the development of
foot wounds because they are more likely to create areas
exposed to constant pressure and because they cause bio-
mechanical abnormalities that are related to increased foot
pressures, as described earlier. For instance, contrac-

Table 3. Significant Risk Factors for Foot Ulceration:
Multivariate Model*

Risk Factor
Odds
Ratio P

Loss of protective sensation 15.2 ,.001
History of amputation 10.0 ,.02
Elevated plantar pressure .65 N/cm2 5.9 ,.001
$1 Subjective symptoms of neuropathy 5.1 ,.02
Hallux rigidus, hallux valgus, toe deformity 3.3 ,.03
Poor diabetes control† 3.2 ,.03
Duration of diabetes .10 y 3.0 ,.04
Male sex 2.7 ,.05

*R2=0.73.
†Glycosylated hemoglobin .9%.

Table 4. Cumulative Risk for Ulceration
by Foot Risk Category*

Risk Category
for Ulceration

Odds Ratio
(95% CI)

Category 0 NA
Category 1 1.7 (0.7-4.3)
Category 2† 12.1 (5.2-28.3)
Category 3† 36.4 (16.1-82.3)

*See text for description of categories. CI indicates confidence interval;
NA, not applicable.

†P,.05.
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ture, subluxation, or dislocation of a metatarsophalan-
geal joint causes the metatarsal head to be prominent on
the bottom of the foot and the toe to be prominent dor-
sally (Figure). In addition, there is evidence that after a
partial foot amputation, patients with diabetes are at
greater risk of these types of foot deformities and sub-
sequent foot ulcers developing.36

The development of foot deformities and other risk
factors for ulcers may be enhanced by the systemic ef-
fects of diabetes mellitus. The association between the
degree of glucose control, a prolonged duration of dia-
betes, and the incidence of numerous diabetic compli-
cations has been well demonstrated.37 These include neu-
ropathy38,39 and soft tissue cross-linking through the
production of advanced glycosylation end products.40 Soft
tissue glycosylation also has been reported to contrib-
ute substantially to the development of limited joint mo-
bility.41,42 Peripheral neuropathy also has been associ-
ated with atrophy of the intrinsic muscles of the foot and
the development of forefoot deformities.36 All of these fac-
tors may decrease the integrity and increase the friabil-
ity of the soft tissue and predispose patients to ulcer-
ation,43 infection, and subsequent amputation.3 In our
study, poor plasma glucose control was strongly associ-
ated with the presence of ulceration.

In this study, male sex was a significant risk factor
for ulceration. This finding was not surprising as male
sex has been previously associated as a risk factor for a
number of diabetes-related lower extremity complica-
tions. In general, women seem to have fewer complica-
tions and a better prognosis than men. The prevalence
of peripheral arterial occlusive disease22,44-46 and sen-
sory neuropathy47 is lower in women with diabetes. Like-
wise, the prevalence and incidence of amputations and
mortality associated with amputations of the foot are sig-
nificantly lower in women.48,49 In women also, foot ul-
cers and fractures associated with Charcot arthropathy
of the foot have been reported to heal significantly more
rapidly than in men.35,50 Numerous factors may play a role
in the effect of gender on lower extremity morbidity. These
may include activity level, smoking behavior, hormonal
differences, degree of compliance, level of denial, strength
of social support mechanisms, and quality of education
as well as the prevalence and severity of vascular dis-
ease, neuropathy, and diabetes.

The practical value of this study is that it provides
criteria to identify high-risk factors for foot ulceration.
Several studies have reported the low proportion and poor
quality of diabetic foot examinations in general practice
and in patients hospitalized specifically for foot dis-
ease.1,51,52 Even though both physicians and patients are
well aware of the strong association between diabetes,
foot wounds, and lower extremity amputations, this trend
still continues. This may be at least partially because many
physicians do not have a clear understanding of the most
important criteria to include in a screening examina-
tion. Most of the criteria to stratify a patient into a high-
risk group are straightforward, easy to evaluate, and in-
expensive. Several factors can be identified quickly by
simply inspecting the foot or by including a few specific
questions in the history. For instance, the identification
of previous ulceration or partial foot amputation and the
presence of foot deformities requires a few moments of
focused questioning, inspection, and observation. The only
risk factor that cannot be evaluated in the framework of
a standard clinical examination is the quantitative evalu-
ation of dynamic foot pressures. A clinical examination,
however, including an evaluation for the presence of plan-
tar callosities, may be a practical alternative.53

Diabetic foot complications can be prevented, but
the process is expensive. With the increasing number of
patients with diabetes, it is impractical to provide in-
depth preventive foot care for every patient with the dis-
ease.54 In this age of expensive high-tech gadgetry, capi-
tation, and cost-conscious administrators, identifying
high-risk factors can be a beneficial strategy for all par-
ties using relatively low-tech, low-cost instrumenta-
tion. If high-risk factors are adequately identified and re-
sources appropriately allocated, physicians will have a
vehicle to get patients with these factors the treatment
they require, and patients will receive appropriate care
and cost savings from preventing wounds, amputa-
tions, and hospitalizations. Most risk factors identified
in this report can be screened by nurses or technicians
after a brief period of education and training and veri-
fied by an attending physician, if necessary. Resources
for special footwear, intensive patient education, and more
frequent medical and foot-specific evaluations can then
be allocated for patients who fit a high-risk profile.
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