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Abstract
Objective: To reduce type 2 diabetes-related

lower extremity amputations (LEAs) in New Jersey
through a statewide training program for primary
care providers at healthcare agencies in high-risk
areas.

Study Design: Project LEAP provided 27 1-day
training workshops to 560 healthcare professionals
representing 85 organizations. The effect of training
was evaluated based on a multiple-choice knowl-
edge test, self-reported practice behaviors, and a
medical records audit of practice behaviors, and
pre- and postprogram LEA rates.

Patients and Methods: We evaluated statistically
significant differences in pre- and postprogram
knowledge scores using Student’s t-tests. We also
evaluated providers’ intentions to change clinical
foot-care practices and compared them with actual
practices documented in medical records. We used
analysis of variance to determine any statistically
significant differences in pre- and postprogram LEA
rates at various types of institutions. In addition, we
assisted facilities in the development of self-educa-
tion programs containing specific foot-care mod-
ules.

Results: Participating providers were: 70.6%
nurses, 7.8% physicians, 4.5% podiatrists, 4.2%
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Diabetes is a major risk factor for foot compli-
cations such as ulceration, infection, gan-
grene, and amputation. An estimated 15% of

diabetics will develop a foot ulcer in their lifetime.1

Diabetes-related lower extremity amputations
(LEAs) account for more than half of all nontrau-
matic LEAs performed in the United States2;
between 1990 and 1994, annual diabetes-related
LEA hospital discharges averaged 56,000.3

dietitians, and 12.9% all others. Pre- and postpro-
gram knowledge scores increased by 12% (T=13.29;
P<0.0001) and were maintained for 9 months
(T=7.58; P<0.05). Provider intentions to change clin-
ical practice behaviors correlated with self-reported
practice changes 9 months postprogram (r = .51;
P<0.001). Medical record audits 1 year before and 9
months after training demonstrated marked
improvement in foot-care practices in the following
areas: (1) foot-care education given to patients by
primary care providers; 2) documentation of periph-
eral vascular disease; 3) documentation of patient
preventive care practices; and 4) referrals to dia-
betes educators, orthopedists, podiatrists, and dia-
betologists. Education programs with specific foot-
care components increased 10%. The overall inci-
dence of pre- and posttraining LEAs did not change
significantly but differed depending on institution
type. Hospitals and community healthcare centers
were more likely to show postprogram reductions in
LEAs than nursing homes and rehabilitation centers.

Conclusion: Institutionalization of a LEAP program
resulted in improved provider knowledge and cer-
tain clinical practice behaviors. There was a trend
toward an overall reduction in the number of LEAs at
participating institutions.

(Am J Managed Care 1999;5:609-616)



In the state of New Jersey, diabetes-related LEAs
represent a major public health problem. An esti-
mated 430,000 New Jersey residents have diabetes,
50% of whom are undiagnosed,4 and these residents
are 51 times more likely to be at risk for LEA than
those without diabetes.5 In New Jersey, almost 2000
amputations occur each year at a total annual cost of
$29.5 million.4 These costs represent initial hospital-
ization and do not include loss of wages, long-term
rehabilitation expenditures, or loss of independence.
Overall, the average length of stay for diabetes-relat-
ed foot disease hospital admissions is 14.7 days.6

The US Department of Health and Human
Services and the American Diabetes Association
(ADA) have estimated that 50% of diabetes-related
foot ulcers and amputations could be prevented
through patient education and relatively simple,
cost-effective preventive foot-care measures.2,7-9

The Healthy People in the Year 2000 program calls
for a 40% reduction in LEAs. To achieve this target,
at least 80% of diabetics at high risk for LEA must
receive effective clinical management and foot
care.8 Unfortunately, current data show that these
practices are rare.5 According to the New Jersey
Diabetes Control Program, between 1986 and
1990, 48% of family physicians did not examine the
feet of their diabetic patients at each visit, 46% did
not teach their patients to examine and care for
their feet, and 52% did not refer their diabetic
patients to podiatrists for foot care.5,6 In another
study of a California managed care setting, only 6%
of medical records of patients with diabetes docu-
mented foot examinations.10

Project LEAP (Lower Extremity Amputation
Prevention) of New Jersey was primarily designed to
study the impact of an institutional educational pro-
gram on the number of diabetes-related LEAs.

. . . RESEARCH DESIGN AND METHODS . . .

Project LEAP was funded through a grant from
the New Jersey State Department of Health. The
grant was administered through the Department of
Veterans Affairs Medical Center-New Jersey Health
System, East Orange Campus, by the Veteran’s
Biomedical Research Institute. The Academy of
Medicine of New Jersey, the University of Medicine
and Dentistry of New Jersey, and the New Jersey
Podiatric Medical Society provided the endocrinolo-
gy and podiatric expert speakers. All speakers used
a standard curriculum entitled Lower Extremity
Amputation in Persons with Diabetes Mellitus: A

Training Manual.11 In addition, the project was
suported with input on lecture content by the
American Diabetes Association-New Jersey Affiliate
and the New Jersey Public Health Association.
Furthermore, the New Jersey State Nurses
Association, the Academy of Medicine of New
Jersey, and the New Jersey Podiatric Medical
Society provided continuing education credits for
the nurses, medical physicians, and podiatrists who
participated in Project LEAP.

The goal of Project LEAP was to provide training
in the outpatient management and prevention of
diabetes-related foot complications. Project LEAP
had 7 objectives:

• Objective 1: Develop and Implement an Effective
Program
The LEAP training manual,11 developed through a
grant funded by the New Jersey State Department
of Health Diabetes Control Program, was the pri-
mary professional reference for the program cur-
riculum. The training program included such top-
ics as pathophysiology, self-education, risk-factor
reduction, prevention of lower extremity compli-
cations, and multidisciplinary teamwork. The
program included both didactic and “hands-on”
lower extremity practicums. Educational formats
included slide presentations, group discussions,
and lower extremity exam demonstrations.
Patient education materials and professional liter-
ature obtained from the ADA, the National
Institutes of Health (NIH), the Centers for Disease
Control (CDC), and peer-reviewed journals were
provided as handouts. 

Project personnel identified and marketed the
program to healthcare facilities in counties at
highest risk for diabetes-related LEAs that served
the most people with diabetes as well as minority
and indigent populations. The project director
and site administrators developed an action plan
for LEAP implementation and data collection and
strongly encouraged institutional commitment to
diabetes self-education. Data retrieval was per-
formed for 3 years. The final, fourth year was ded-
icated to completing data retrieval and evaluating
program outcomes.

• Objective 2: Implement Facility Action Plans
All participating facilities completed a written
action plan that emphasized multidisciplinary
teamwork, self-education, and clinical practice
behavior changes. 

• Objective 3: Evaluate Provider Knowledge and
Determine if LEAP Training Would Result in
Sustained Knowledge
Immediately before and after LEAP training, par-
ticipants took a 16-item knowledge test consisting
of 15 multiple-choice questions and 1 fill-in-the-
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blank question. To measure the level of sustained
knowledge, the same test was administered 9
months after training to participants who
remained active in the LEAP program. We used a
one-tailed paired Student’s t-test to evaluate the
significance of any average differences in pre- and
postprogram knowledge. We then used the
unpaired Student’s t-test to determine if the pre-
and 9-month postprogram knowledge scores were
statistically different. 

• Objective 4: Evaluate Self-Reported Clinical
Practice Behaviors
Before, immediately after, and 9 months after
program delivery, participants completed self-
assessment questionnaires to assess their LEA
prevention practices. Surveyed practices includ-
ed types of subspecialty referrals, risk-factor
interventions, self-education referrals, and fre-
quency of lower extremity exams. Pearson corre-
lations were conducted on these results 9 months
after training. We then analyzed data from 12
organizations that reported both anticipated
behavior changes postprogram and actual behav-
iors 9 months postprogram. 

• Objective 5: Evaluate Actual Clinical Practice
Behaviors
At each institution, approximately 20 medical
records for patients with diabetes were randomly
audited. Patients had to have received medical
care on at least 2 occasions 12 months prior to
and/or 9 months after the program. Records were
reviewed for evidence of: (1) referral to a podia-
trist, orthopedist, or endocrinologist; (2) patient
education on lower extremity care; (3) risk-factor
modification; and (4) a lower extremity examina-
tion during the 12 months prior to and 9 months
after LEAP training. A chi-square statistic was
used to examine the differences in the clinical
behaviors between the “12 months prior” and the
“9 months post” data sets.

• Objective 6: Evaluate Amputation Rate Before
and After LEAP Program
We conducted computerized and manual search-
es for ICD-9 diabetes diagnosis codes, cross-refer-
enced with CPT-4 procedure codes, for LEAs 12
months before and 9 months after program deliv-
ery. The grant required data collection and out-
come evaluations to be completed within 9
months following the program. Had audits been
performed at 12 months, a significant number of
the facilities would have been excluded from
study. (Since it was the state’s objective to train a
minimum of 70 facilities within 3 years, expanding
the evaluation period to 12 months per program
would have required 1 to 2 years of extended time
and increased funding.) To remedy this problem,
the 9-month data were prorated to 12 months. We
also used analysis of variance (ANOVA) to deter-

mine if there were any significant differences in
the average number of pre- and 12-month-post
LEAs performed in hospitals/medical centers,
community health centers, nursing homes, and
rehabilitation centers. 

• Objective 7: Develop a Diabetes Self-Education
Program That Addresses Foot Care
We offered participating healthcare facilities that
did not have an existing diabetes education pro-
gram assistance in developing one if it could be in
place by the time grant funding was terminated.
To accomplish this, the facility completed an
education program assessment questionnaire
within 1 month of LEAP training. The assessment
questionnaire addressed a patient needs assess-
ment process, structured curriculum with specif-
ic patient objectives, educational materials, pro-
gram delivery format, and follow-up. A bibliogra-
phy of patient education materials from the CDC,
NIH, and ADA was provided. Mentoring for pro-
gram design and implementation was provided as
needed.

. . . RESULTS . . .

By the end of the third year, project LEAP pro-
vided 27 all-day training workshops to 560 health
care professionals representing 85 healthcare organ-
izations in 21 New Jersey counties (year 1, 9 facili-
ties; year 2, 25 facilities; year 3, 51 facilities).
Participating healthcare organizations consisted of
primary care hospitals or medical centers (51%),
community health centers (23%), nursing homes
(20%), rehabilitation centers (4%), and visiting nurse
associations (2%). Participants consisted of nurses
(70.6%), physicians (7.8%), podiatrists (4.5%), dieti-
tians (4.2%), and other healthcare professionals
(12.9%). Three hundred and fifty-nine participants
completed usable program evaluation surveys.

Figure 1 shows the pre-, immediate postprogram,
and long-term knowledge scores. Although the long-
term response rate was low (22%), we observed sig-
nificant improvements in provider knowledge. There
was a significant difference between the pre- and
immediate post-LEAP program knowledge scores
(T=13.29; P<0.001). There was also a significant dif-
ference between pre-LEAP and the long-term scores
(T=7.58; P<0.05). 

The participants’ commitment to perform routine
foot examinations, teach patients to examine their
feet, and teach patients about the assessment and
prevention of LEA risk factors increased after the
LEAP intervention. The mean value for these 3
behaviors, which were assessed on a 5-point scale,
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was 4.7 immediately postprogram. Although the
9-month postprogram ratings for these behaviors
decreased somewhat, they remained significantly
higher than the mean pretraining self-assessment
scores (Figure 2). 

We conducted medical record audits at 44
healthcare organizations to assess clinical practice
behaviors. We reviewed 389 charts 1 year before
LEAP training and 359 charts 9 months after LEAP
training. As Figure 3 shows, a number of clinical
practice behaviors had significantly increased at
the 9-month interval, including: 1) foot-care edu-
cation given to patients by primary care providers;
2) documentation of peripheral vascular disease
history; 3) documentation of patients managing
their own foot care; 4) documented referrals to dia-
betes educators, podiatrists, orthopedists, and
endocrinologists/diabetologists. Interestingly, there
was no statistically significant improvement in the
documentation of peripheral neuropathy in the
patient history. However, this did improve from
41.7% to 44.1% (χ= 5.77; P<0.06).

LEA data were collected at 55 sites. We counted
810 LEAs (or 14.71 LEAs per facility) in the 12
months before and 541 LEAs (9.82 LEAs per facil-
ity) in the 9 months after LEAP training. When we
prorated this 9-month figure to 12 months, the
number of post-LEAP LEAs totaled 720. This
reflects an average of 5 fewer LEAs per site after 
1 year (n=55 sites) (T=1.09; P<0.28).

When the mean pre- and prorated post-LEAP
rates were evaluated by facility type, there were
some statistically significant differences (ANOVA
F=4.23; P<0.01). The ANOVA showed that the
largest decrease in LEAs occurred in primary care
facilities, including hospitals/medical centers and
community health centers. There was little change
in the number of LEAs in nursing homes. In reha-
bilitation centers, there was a statistically signifi-
cant increase in the number of LEAs postprogram.
Table 1 and Figures 4 through 7 summarize the
pre-, immediate post-, and prorated 9-month data
for each type of organization.

Prior to the LEAP intervention, 53 of 82 partic-
ipating facilities (65%) had a diabetes education
program that included a specific foot-care module.
We were unable to collect data from 8 of the 85
(10%) participating facilities. Nine months after
LEAP training, 61 facilities (75%) had a diabetes
education program with a foot-care module. This
represents a 10% improvement in the number of
foot-care patient education programs at participat-
ing LEAP facilities (Figure 8). 
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Figure 1. Participants’ Knowledge Scores

Pre- and Posttest: n = 359; (T = 13.29; P < 0.001)
Pre- and 9 Months Post: n = 78; (T = 7.58; P<0.05)

Figure 2. Self-Reported Commitment to Modify
Clinical Practice Behaviors

Provider or Staff:
• Clinical Behavior I—examine feet at each visit
• Clinical Behavior II—teach patient how to examine and care
for feet on a daily basis
• Clinical Behavior III—Teach patients about assessing risk and
preventing LEAs
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. . . DISCUSSION . . .

Several prior studies
demonstrate that
provider and patient edu-
cation can improve
health outcomes of lower
extremity complications
in people with type 2 dia-
betes.9,12 In a random-
ized study of veterans
with diabetes and a his-
tory of foot complica-
tions,9 patients who took
a 1-hour foot-care class
were 3 times less likely
to develop foot ulcera-
tions and undergo LEAs
than patients who did
not receive the training
class. Both groups
received identical med-
ical management and
basic diabetes education
classes for diet, weight
control, exercise, and
medication. The 1-hour
foot-care class instructed
the patients on the inci-
dence of diabetes-related
limb amputation, foot
infections, and ulceration, and
participants received a patient
instruction sheet on caring for the
diabetic foot. In another evalua-
tion,12 patient, provider, and
healthcare system interventions
increased the likelihood that
patients with type 2 diabetes
would perform self foot care and
that physicians would document
abnormal podiatric findings and
diagnose ulcers. In this study,
patients in the intervention group
received foot-care education and
created behavior modification
contracts. Reminder postcards and
phone calls were used to follow up
and encourage adherence to the
behavior modification contracts.
Physicians in the intervention
group received foot-care practice
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Table 1. Pre-, Post-, and Prorated Post-LEAP LEAs Per Facility

ANOVA between Facility Types: F = 4.23; P < 0.01

Facility Type LEAs Pre LEAs Post LEAs Post-Prorated

Primary Care Hospitals 741 460 612

Community Health Centers 17 6 7

Nursing Homes 15 12 16

Rehabilitation Centers 37 63 85

Grand Total 810 541 720

Figure 3. Clinical Practice Behavior Changes Pre- and Post-LEAP, as
Documented in Medical Record Review

Legend for Clinical Practice Behaviors
1. Patient received foot education from primary care provider (χ = 56.4; P < 0.001)
2. Patient manages own foot care  (χ = 21.3; P < 0.001)
3. Foot care managed by podiatrist  (χ = 9.2; P < 0.01)
4. Referrals to podiatrist  (χ = 10.6; P < 0.005)
5. Referrals to endocrinologist/diabetologist  (χ = 36.2; P < 0.001)
6. Referrals to orthopedist  (χ = 13.3; P < 0.001)
7. Referrals to diabetes educator for self-management education   (χ = 32.5; P < 0.001)
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guidelines and literature on risk factors, and they
were instructed to have patients remove footwear
for a foot exam. The clinicians also received a flow
sheet highlighting the important points of the foot
exam, education, workup, treatment, and referrals.
At the institutional level, the staff placed identifiers

and reminders on the charts of the intervention
patients that reminded physicians to perform appro-
priate foot examinations, provide foot-care educa-
tion, and make appropriate referrals. In this study,
the longitudinal follow-up was too short to demon-
strate a decrease in lower extremity complications.

The authors of this intervention study postulat-
ed that improving healthcare providers’ knowledge
of diabetes is not as important as creating a “sys-
tems intervention” aimed at modifying practice
patterns.12 Similarly, the goal of Project LEAP was
to obtain institutional commitment to implement a
multidisciplinary foot-care program based on a
“train-the trainer” concept. It was customized to
the each facility’s patient population and resource
needs.

Our results demonstrate that training improved
provider knowledge of diabetes-related LEAs, and
that this improvement was maintained over the 9-
month study period. Nevertheless, we believe the
program would have produced even better results
if our methods of assessing knowledge had been
less restrictive. The knowledge instrument under-
went strenuous reviews by the funding source at
the beginning of the funded period. In addition, as
the LEAP training evolved, we shifted content
areas and focal points in an effort to meet the
needs of the participants, yet our methods of
assessing knowledge did not change. Further,
LEAP staff had considerable difficulty with pre-
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Figure 4. Diabetes-Related LEAs Pre- and Post-LEAP
for Primary Care Facilities (n = 27)

There was an average of 4.77 fewer LEAs at the 27 sites in the 1
year following the LEAP training.

Figure 5. Diabetes-Related LEAs Pre- and Post-
LEAP for Community Healthcare Centers
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Figure 6. Diabetes-Related LEAs Pre- and Post-LEAP
for Nursing Homes
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and postprogram testing compliance. This compli-
ance problem was especially evident at the 9-month
testing interval.

Our results also demonstrate that Project LEAP
may have positively influenced clinical practices.
Project LEAP participants remained committed to
modifying clinical practice behaviors related to
lower extremity care and patient education over the
9-month study period. 

One must take the Hawthorne effect into consid-
eration whenever a study uses self-reporting to
determine outcomes, as it is possible that the sub-
jects’ awareness that they are participating in an
investigation will alter the results. However, the ran-
dom chart audit, which used a standardized criteri-
on, confirmed self-reports of improved clinical prac-
tice behaviors and documented actual improvement
in clinical practices. 

The LEAP program was associated with a reduced
LEA rate in primary care hospitals and community
health centers but not in nursing homes and reha-
bilitation centers. We attribute the LEA rise in nurs-
ing homes and rehabilitation centers to the transient
nature of these facilities. The fact that patients are
transferred in and out of these institutions on a reg-
ular basis is likely to influence the LEA rate.
Nevertheless, the intent of the grant was to help all
providers, regardless of facility type, reduce or main-
tain their LEA rates. Although we were unable to col-
lect data on 10% of the facilities regarding their dia-

betes education programs, we speculate that the per-
centage of facilities creating an education program
with a foot-care model would have been greater. 

In this study, we asked facilities to comply with
extensive testing, evaluation, and follow-up require-
ments. A lack of compliance was evident in the low
numbers of physicians attending our training pro-
grams and participants who were available to com-
plete the follow-up forms and evaluations. It was
apparent that the healthcare organizations in this
study had to focus their resources instead on sur-
vival-oriented changes to be competitive in the man-
aged care environment. In addition, key decision
makers at the institutions tended to hold “disease
care” rather than “disease prevention/health promo-
tion” ideologies. 

We believe it is no longer feasible to expect facili-
ties to comply with the intensive evaluation require-
ments used in this study, which exceed those nor-
mally applied in the managed care environment.
The evaluation, which had process, formative,
impact, and outcome data elements, was required by
the NJ State Department of Health. The authors
believe that improvements may be made by stream-
lining the training program, limiting the number and
size of evaluation forms, and creating a more struc-
tured systems intervention program. For future pro-
gram evaluation instruments, we suggest an effi-
cient, time-saving, computerized format to reduce
subject bias and ensure data validity. Creating a
simplified and non–labor-intensive data collection
process is key to a cost-effective LEAP program in a
managed care setting.

Figure 7. Diabetes Related LEAs Pre- and Post- LEAP
for Rehabilitation Centers
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In sum, Project LEAP demonstrated that an insti-
tutionally based, “train-the-trainer” education
approach improves provider compliance with foot-
care measures. In addition, there was a decrease in
the absolute number of amputations at primary care
hospitals and community healthcare centers. While
a cost-analysis study of program outcomes related to
LEA rates was not a grant objective, and was not,
therefore, conducted, it is intuitive to the authors,
and evidence suggests, that preventative LEA health-
care practices, provided through professional educa-
tional training programs, such as Project LEAP,
which are aimed at limb salvage, can deliver long-
term cost savings to healthcare organizations. The
low cost educational intervention strategies could be
used as a model by managed care organizations to
assist them in their limb salvage efforts. This, in turn,
evidence has shown, should improve the quality of
care and contain costs. Only with major changes to
the delivery and evaluation portion of Project LEAP,
however, will future programs be able to succeed in
today’s healthcare climate. Project LEAP can enable
managed care organizations to move from a disease-
treatment model to a prevention and health promo-
tion model, while maintaining the goals of cost-con-
tainment and improved quality of care. We recom-
mend that all healthcare systems implement a simi-
lar LEAP program.
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