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OBJECTIVE — The goal of this study was to evaluate whether simple risk factors can be
identified that successfully characterize who will heal and who will not heal among patients who
have received standard therapy for diabetic neuropathic foot ulcers.

RESEARCH DESIGN AND METHODS — For this cohort study, we evaluated
>31,000 individuals with a diabetic neuropathic foot ulcer seen in the Curative Health Services
System. Using multivariate logistic regression, we evaluated the association between wound size,
wound duration, wound grade, and other variables and their effect on whether a patient would
heal by the 20th week of care.

RESULTS — We demonstrated that wound size, wound duration, and wound grade are all
significantly associated with the likelihood of a wound healing by the 20th week of care. In
addition, we noted that these associations were not significantly affected by the treating wound
care center, whether the unit of analysis was one wound on a patient or all of their wounds, or
current adjuvant therapies.

CONCLUSIONS — We have shown that three easy-to-measure risk factors are associated
with a wound healing. These results should help clinicians understand the likelihood that a

wound will heal and help those conducting clinical investigations to design better trials.
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ower-extremity ulcers are a serious

complication of diabetes. More than

16 million people in the U.S. have
diabetes, and 15% of them can expect to
develop a foot ulcer at some point in their
lives (1-3). Diabetic patients admitted to
the hospital with lower-extremity ulcers
were hospitalized longer on average than
those who were hospitalized and did not
have ulcers (1,3). Whereas only 4% of the
population has diabetes, 46% of those ad-
mitted to a hospital with a foot ulcer had
diabetes, and half of all lower-extremity
amputations in hospitalized patients oc-

curred in diabetic patients (1,3). Those
with a lower-extremity amputation have a
diminished quality of life and increased
health costs, often have many concomi-
tant medical ailments, are more likely to
have the contralateral limb amputated,
and are more likely to die within the next
5 years than those with no amputation
4.,5).

There are many pathways for the de-
velopment of a diabetic foot ulcer. In gen-
eral, they include a combination of lower-
limb arterial insufficiency, lower-limb
diabetic neuropathy, and local trauma

From the 'Department of Dermatology, University of Pennsylvania School of Medicine, Philadelphia, Penn-
sylvania; and the “Department of Biostatistics and Epidemiology, University of Pennsylvania School of

Medicine, Philadelphia, Pennsylvania.

Address correspondence and reprint requests to David J. Margolis, MD, PhD, 815 Blockley Hall, 423
Guardian Dr., University of Pennsylvania School of Medicine, Philadelphia, PA 19104. E-mail:

dmargoli@cceb.med.upenn.edu.

Received for publication 7 February 2002 and accepted in revised form 8 July 2002.

Abbreviations: CHS, Curative Health Services; DNFU, diabetic neuropathic foot ulcer; GEE, generalized
estimation equation; GLLAMM, generalized linear latent and mixed model; OR, odds ratio.

A table elsewhere in this issue shows conventional and Systeme International (SI) units and conversion

factors for many substances.

(6). About 20% of diabetic patients with
foot ulcers will primarily have inadequate
arterial blood flow, ~50% will primarily
have diabetic neuropathy, and ~30% will
be afflicted with both conditions (1,6). In-
adequate arterial blood flow is usually
treated by a variety of surgical techniques
that improve blood flow (7). For this
study, foot ulcers on individuals with di-
abetes who lack protective sensation and
have adequate arterial blood flow to their
foot are termed diabetic neuropathic foot
ulcers (DNFUs) (8—-10).

The treatment of a DNFU usually
consists of debridement of necrotic tissue,
use of a moist wound dressing, and the
use of a device that protects the wound
from pressure or trauma related to ambu-
lation and other acts of daily living. Sev-
eral devices are commonly used, including
contact casts, crutches, wheelchairs, and
special footwear (9,11-15). This type of
care is often the standard care arm in ran-
domized clinical trials and was recently dis-
cussed in a consensus statement from the
American Diabetes Association (8—12,15).

Recently the U.S. Food and Drug Ad-
ministration approved several new treat-
ments, making this an exciting time for
those who treat patients with DNFUs (8-
10,12,16). These agents represent two
new treatment classes, growth factors and
cell therapies, and are used in combina-
tion with the standard therapy described
above. Even with the advent of these new
products, success in treating DNFUs is
dismal. About 10-33% of the patients in
the standard-care arms of clinical trials
will heal by 12—20 weeks of care, whereas
~30-50% of the individuals that receive
one of the new products will heal by
1220 weeks of care (8-10,12,16).

We hypothesize that several risk fac-
tors can be identified that are associated
with a DNFU healing by the 20th week of
standard care. This information is impor-
tant to clinicians—it should help them
decide who might respond to standard
therapy, who might be better off receiving
an adjuvant early in the treatment plan,
and who should receive specialized care.
The goal of this study was to evaluate
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Healing of foot ulcers

Table 1—The CHS wound grade scale

Wound grade

Stage description

N Ul AW N

Partial thickness involving only dermis and epidermis

Full thickness and subcutaneous tissues

Grade 2 plus exposed tendons, ligament, and/or joint

Grade 3 plus abscess and/or osteomyelitis

Grade 3 plus necrotic tissue in wound

Grade 3 plus gangrene in the wound and surrounding tissue

whether risk factors can be identified to
successfully characterize those patients
with a DNFU who will heal and who will
not heal.

RESEARCH DESIGN AND
METHODS

Patient population

Since 1988, Curative Health Services
(CHS) has managed >150 distinct
wound care facilities in 38 states in the
U.S. and has maintained an administra-
tive and patient record database (17). We
have previously demonstrated via chart
review the validity of using this database
to study individuals with DNFUs (17,18).
Briefly, in that study, we showed that we
could use the database to accurately de-
termine whether a subject had a diagnosis
of DNFU and healed by the 20th week of
care compared with the medical record
(positive predictive values of 98% [95%
CI10.89-0.99] and 93% [0.68—-0.99], re-
spectively) (18). In the medical record,
arterial flow abnormalities were deter-
mined noninvasively by TcPo, monitor-
ing or arterial Doppler and neuropathy by
the absence of a response to a 10-g
Semmes-Weinstein filament. By using
this algorithm, we specifically did not
study individuals with significant lower-
limb arterial disease.

Subjects for this investigation had
been treated at a CHS center between
1988 and 2000 and had at least one
DNFU. We analyzed the subject’s only or
most recent registration period. To clar-
ify, for a subject who was successfully
treated, stopped receiving care at a CHS
center, and then returned for care (i.e.,
re-registered), only the last cycle of
wound care was analyzed. Furthermore,
to avoid including subjects who were
one-time specialty center consultations,
any individual who did not have a second
office visit or documentation of a surgical
procedure within 6 weeks of the first of-
fice visit was excluded.

Outcome and risk factors

For all subjects, the outcome—a healed
wound by the 20th week of care—was
determined using a previously validated
algorithm (18). We selected this outcome
because this is the longest end point con-
sistently used in clinical trials. We also
evaluated a 12-week end point. The re-
sults from this analysis were similar to
those reported below.

For this study, a risk factor was a sub-
ject or wound characteristic noted at the
first office visit that might play a role in
causing or explaining the outcome. The
following risk factor variables were eval-
uated: patient age, patient sex, duration of
the wound (months), size of the wound
(mm?), wound grade (Table 1), number
of wounds, prior care at a CHS center, and
which CHS center. Prior care was defined
by determining if the patient had previ-
ously received a full cycle of care (i.e.,
they previously had been registered by,
treated by, and discharged from active
care at a wound care center).

Analysis
All risk factor variables were character-
ized by estimating means, SDs, medians,
and quartiles and by a visual assessment
with a particular focus on skewing. Two
variables in this data set, duration of the
wound and wound size, were severely
skewed (see REsULTS). These variables were
log transformed to a more symmetric dis-
tribution. For the initial analyses, we used
univariate assessments of association,
such as 2 X 2 tables, x” statistics, Mantel-
Haenszel statistics, and one-way ANOVA.
Our primary question was to estimate
the association of various risk factors with
the probability that a patient witha DNFU
would heal by the 20th week of care. To
assess the magnitude of the effect of a
given risk factor, we used single-variable
(unadjusted) and multiple-variable (fully
adjusted) logistic regression models to es-
timate odds ratios (ORs). Both unadjusted
and fully adjusted ORs are reported with

95% Cls. Fully adjusted ORs were calcu-
lated by including all risk factor variables.
Two-way interaction terms were evalu-
ated. Both fixed effects and random ef-
fects models using generalized estimating
equations were calculated (19). Finally, to
simultaneously evaluate the effects of
clustering due to wound care center and
patient, we evaluated effect estimates us-
ing a generalized linear latent and mixed
model (GLLAMM) (20). These tech-
niques adjust the variance estimates be-
cause multiple observations may have
been made within nonindependent units,
such as a subject or wound care center. All
analyses were conducted using SAS ver-
sion 8 or STATA 7, or both, for a PC.

RESULTS — The 31,106 individuals
who met our criteria for a DNFU had a
total of 72,525 wounds (Table 2). Of the
patients, 53.9% were men, and 20.5%
had previously received care at a wound
care center. The mean patient age was
63.8 years. Of the wounds, 76.2% were
grade 2 or lower. Before log transforma-
tion, the mean duration of a wound was
5.39 months and the median duration ofa
wound was 1.0 months. The mean on the
log scale was 0.48 log months (geometric
mean 1.6 months), SD 1.39. Before log
transformation, the mean size of a wound
at presentation was 588.6 mm” and the
median size of a wound was 118.0 mm?.
The mean on the log scale was 4.86 log
mm? (geometric mean 196 mm?), SD
1.68. By the 20th week of care, 50.3% of
the wounds healed. The percentages of
wounds not healed for each risk factor are
listed in Table 2.

Men were slightly less likely to heal
(Table 3). Wounds on individuals with
increasing numbers of wounds, wounds
that were larger (log mm?), and wounds
that were older (log months) were all less
likely to heal. Wounds of increasing grade
were also less likely to heal. We dichoto-
mized wound grade, as presented in Table
1, as a grade of =2 vs. >2. This dichoto-
mization is consistent with most random-
ized clinical trials in that they generally
included only patients of grade 2 or lower
(8,10,12,21). Unexpectedly, those who
had previous wounds were more likely to
heal. With the exception of wound grade,
the unadjusted versus fully adjusted effect
estimates did not differ by >10%, indi-
cating that the unadjusted estimates were
not confounded by the other risk factor
variables (22). Several two-way interac-
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Table 2—The prevalence of a wound not healing for a given risk factor (N = 72,525 wounds)

Percent not

Risk factor healed
Age <54 years 48.9
Age 55-64 years 48.4
Age 65-74 49.0
Age >74 years 52.5
Male 50.7
Female 48.5
Wound grade 1 36.2
Wound grade 2 44.7
Wound grade 3 60.7
Wound grade 4 67.1
Wound grade 5 78.7
Wound grade 6 91.5
Wound grade 1 or 2 44.1
Wound grade 3, 4, 5, or 6 67.4
Wound log duration =0.50 log months 40.9
Wound log duration >0.50 to =1.00 log months 46.5
Wound log duration >1.00 to =4.00 log months 53.0
Wound log duration >4.00 log months 59.1
Would log area =39 log mm”* 35.9
Wound log area >39 to =118 log mm?* 445
Wound log area >118 to =401 log mm”* 52.6
Wound log area >401 log mm? 67.0
Total number of wounds 1 46.6
Total number of wounds 2 48.2
Total number of wounds 3 50.4
Total number of wounds 4 or more 51.5
Prior visit 50.6
No prior visit 46.3

Age, wound log duration, wound log area, and patient age categorized by quartile. Data is for all wounds and

not by individual or primary wound.

tions were evaluated: wound grade and
duration, wound grade and area, wound
grade and wound count, and duration
and area. Whereas many of these interac-
tions had P values of <0.01, the clinical
significance of these interactions was less
clear because the effect estimates for any
specific wound grade varied very little
compared with the fully adjusted point
estimates (Table 2). For example, the larg-
est change in the effect estimate of wound
log duration occurred between wound
grades 1 and 5 (OR 1.25 [95% CI 1.14-
1.24] and 1.13 [1.05-1.22], respective-
ly), and the largest change for wound log
area occurred between grades 1 and 5
(1.19[1.14-1.24] and 1.34 [1.26-1.42],
respectively).

Some patients received an adjuvant
treatment in association with standard
therapy. Entering adjuvant therapies
(platelet releasate, recombinant human
platelet-derived growth factor, or graft

skin) into our multivariate model did not
change the point estimates of any of our
risk factor variables by >10% (22). The
results also did not differ if these patients
were dropped from the analysis.

Because multiple patients may have
been treated at the same wound care cen-

Margolis and Associates

ter and more than one wound per patient
may have been used in our investigation,
the data in our investigation may lack true
independence. To evaluate this effect with
respect to wound care center, we first en-
tered each center, as a categorical vari-
able, into a logistic regression model.
Patient care by a specific center, com-
pared with any other center, was not as-
sociated with wound healing. Next, we
added each center as a categorical variable
into the multivariate model containing all
of our risk factors. This adjustment did
not alter any of the fully adjusted effect
estimates reported in Table 2 by >10%
(22). Finally, we ran generalized estima-
tion equations (GEEs) to compensate for
the lack of independence due to wound
care center, patient, and wound care cen-
ter and patient simultaneously. We also
ran this model clustering on patient and
a GLLAMM model clustering on both
patient and hospital. The GEE- and
GLLAMM-estimated confidence intervals
did not vary substantially from those pre-
sented in Table 3. Finally, it should be
noted that for most clinical trials only one
wound is enrolled and evaluated. To de-
termine whether the effect estimates for
our risk factor variables might be different
for a single wound than for all of the
wounds, we repeated our analyses only
including the first or primary wound on
an individual cared for in a wound care
center. As can be noted in Table 3, the
effect estimates for a single wound are not
different by >10% from the effect esti-
mates for all wounds.

CONCLUSIONS — Multiple clini-
cally relevant risk factors exist that can be
used to distinguish between a wound that
is likely to heal and one that is not likely to
heal by the 20th week of standard therapy

TABLE 3—ORs and 95% ClIs for risk factors by wound

Adjusted single
Risk factor Unadjusted Adjusted wound*
Sex 1.09 (1.06,1.12) 1.07 (1.03,1.12) 1.14 (1.08,1.20)

Prior wounds 0.84 (0.81,0.87)
Gradet 2.61 (2.52,2.71)
Age 1.00 (1.00,1.00)

0.92 (0.89,0.96) —
2.05(1.98,2.13) 1.93 (1.82,2.05)
1.00 (1.00,1.01) 1.01 (1.00,1.01)

Count

Wound durationt#

Wound size*t#

1.07 (1.06,1.08)
1.23(1.22,1.25)
1.36 (1.35,1.37)

1.12(1.11,1.14)
1.23(1.21,1.24)
1.31(1.29,1.32)

1.30(1.27,1.32)
1.32 (1.30,1.34)

All P < 0.0001. *Analysis contained only the patient’s first or primary wound. These patients could therefore
not have a prior wound visit. TP < 0.0001. ¥Log-transformed wound duration measured as log months, and
wound size measured as log mm?.
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Healing of foot ulcers

for a patient with a DNFU. The risk fac-
tors or wound characteristics that most
dramatically are associated with a wound
failing to heal are increasing wound size,
increasing wound duration, and the grade
of the wound. More simply, wound grade
can be redefined such that wounds are
differentiated by whether they penetrate
through the subcutaneous fat layer (i.e.,
grade 3 or higher). It is these that are less
likely to heal. These risk factor variables
are clinically relevant enough that they
should be evaluated during the first office
visit by the physician or health care pro-
vider caring for a patient with a DNFU.

The association between two risk fac-
tor variables and wound healing may be
confusing. These risk factors are prior
wounds (patients with prior wounds were
more likely to heal) and the use of adju-
vant therapies (those that used adjuvants
were less likely to heal). We believe that
the explanations for these associations are
similar and related to selection bias. We
hypothesize that those who had prior
wounds were more likely to seek care at
the wound care center that successfully
treated them in the past. In other words,
those who successfully responded to the
wound care center environment were
likely to return and likely to be successful
again. With respect to use of a treatment
adjuvant, these therapies did not start at
the first office visit, so it is unlikely that a
patient received a full 20 weeks of care
with adjuvants (i.e., our evaluation of
these therapies is incomplete). Second,
because these therapies often did not
commence until week 8 or 12, it is very
likely that physicians selected those pa-
tients that appeared to be doing poorly for
adjuvant care. In fact, in a previous pub-
lication in which we evaluated the use of
platelet releasate using a statistical tech-
nique that models selection bias, we were
able to show that the most severe wounds
received this adjuvant treatment and that
it was effective (17).

Recently, Oyibo et al. (23) evaluated
the association of several risk factors, in-
cluding wound size and measured wound
depth (similar to our wound grade), with
healing in patients with diabetes and foot
ulcers. Their cohort study included 194
patients evaluated in a foot ulcer center in
England and a center in Texas. As in our
study, they noted that the size of the
wound correlated with the time required
for a wound to heal. Unlike our study, the
tissue depth of the wound (our wound

grade) was not predictive of time to heal-
ing but did predict amputation risk. Many
other risk factors did not correlate with
healing, including age and sex of the pa-
tient, type of diabetes, duration of diabe-
tes, and ulcer site. Their study differed
from ours in that they evaluated only one
wound per patient; our patients on aver-
age were older, more of our patients were
female, all of our patients were neuro-
pathic with good arterial flow, we evalu-
ated healing by the 20th week of care and
present the odds of healing, and our study
was larger and multicentered.

In fact, one of the greatest strengths of
our study is its sheer size and the geo-
graphic distribution of wound care cen-
ters throughout the U.S. Because our data
source was CHS wound care centers, it is
possible (but we believe unlikely) that the
results of this study do not generalize to
independent practitioners or those who
do not frequently treat individuals with
DNFUs. It is also important to note that
wound care center was not a significant
confounding variable. In other words,
wound duration, wound size, and wound
grade had similar effects in all centers.
Furthermore, adding wound care center
did not significantly improve our models.
It seems likely that because CHS requests
that local wound care centers follow their
protocols—which include discussions
about debridement, good wound care, off-
loading, etc.—it is possible to successtully
educationally intervene across a large net-
work of wound care specialists. Finally, it
should be noted that the association of
wound size and wound duration with
wound healing has been noted in meta-
analyses of clinical treatment trials for
DNFUs and venous leg ulcers, another
chronic wound (15,24,25).

There are several limitations to this
study that are common to observational
database studies. We discussed selection
bias above. Information bias may have
also affected our results. First, there may
have been systematic differences between
the reporting of those who did and did
not have particular risk factors. Based on
the risk factors that we evaluated, this is
unlikely—our risk factors were basic to
the initial evaluation of a chronic wound.
Second, it is possible that there were sys-
tematic differences between the way risk
factors were measured and the likelihood
that a wound would heal. For example, it
is possible that during the first patient
visit the physician undermeasured

wounds that were likely to heal and over-
measured wounds that were unlikely to
heal. We believe that this is unlikely be-
cause wound size is also used to monitor
the progress of a wound. In addition,
those recording the data were not aware
of our study. Finally, as with all observa-
tional studies, the evaluation of risk fac-
tors and confounding factors is limited to
variables accurately and consistently
present in a database. For this study, we
were not able to evaluate glycosylated he-
moglobin (which was previously shown
not to influence wound healing [24]),
fasting blood glucose, presence of reti-
nopathy or nephropathy, body weight,
location of the ulcer, degree of foot defor-
mity, or the use of or compliance with
treatments used for diabetes.

In summary, we have shown that at
the initial visit, the size of the wound, the
age of the wound, and the grade of the
wound are all predictors for the failure of
aneuropathic foot ulcer to heal. These are
simple risk factors that are easily mea-
sured at the initial office visit. In most
cases, they are already part of the initial
patient assessment. We believe that, taken
together, these risk factors argue for the
early treatment of individuals with foot
ulcers. The association of these risk fac-
tors with a wound healing is the same
whether the wound receives standard
care or standard care plus an adjuvant
(such as a topical growth factor). More
importantly, we have demonstrated that
these associations depend on the wound
and that they do not vary from wound
care center to wound care center. Finally,
our results are important to clinicians car-
ing for patients with DNFUs in that it is
possible to characterize those wounds
that will do well with medical therapy and
those that will not. In addition, for those
designing trials, we believe that it is pru-
dent that these risk factors be considered
both when choosing whom to accept into
a trial and when assessing the effect of a
novel therapeutic.
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