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An estimated 16 million Americans
s u ffer from diabetes; a total of
798,000 new cases were re c o rded in

1996 alone (1). It has been estimated that
5–15% of individuals with diabetes will
u n d e rgo lower- e x t remity amputation dur-
ing their lifetime (2). Approximately half of
the 110,000 lower- e x t remity amputations
p e rf o rmed in the U.S. each year are on
individuals with diabetes (3,4). U.S.-based
population studies re p o rt annual incidence
rates of lower- e x t remity amputation rang-
ing from 5.3 to 8.1 per 1,000 individuals
with diabetes (2,5–7). In addition, 30–50%
of first-time amputees will re q u i re addi-
tional amputations within 1–3 years (8),

and 50% will die within 5 years of an ini-
tial major amputation (9–11).

One of the major risk factors for lower-
e x t remity amputation is an antecedent foot
u l c e r. An estimated 15% of individuals
with diabetes will develop foot ulcers, of
which 15–20% are expected to re q u i re
l o w e r- e x t remity amputation (4). Of all dia-
b e t e s - related amputations, 70–80% are
p receded by chronic foot ulcers (5,12,13).

Estimates of the direct costs of lower-
e x t remity amputation have been re p o rted to
range from $20,000 to $60,000 (14–18). It
has been estimated that up to 50% of lower-
e x t remity amputations could be pre v e n t e d
by modifying risk factors (e.g., neuro p a t h y,

smoking, glycemic contro l ) and impro v i n g
foot care among individuals with diabetes
(11,19). Because of the high cost of ampu-
tations and their adverse effect on patients,
it is not surprising that several attempts
have been made to develop strategies to
p revent amputation among individuals with
diabetes. Literature-based effectiveness data
a re available for three such strategies: edu-
cational interventions for patients and
p roviders, multidisciplinary clinics, and
insurance coverage for therapeutic shoes.

Studies of educational interv e n t i o n s
have re p o rted reductions in the risk of lower-
e x t remity amputation of between 50 and
85% (3,20–24). Additionally, multidiscipli-
n a ry care has been shown to be effective in
reducing the number of lower- e x t re m i t y
amputations among individuals with dia-
betes (25,26). Lastly, improperly fitting shoes
may increase the risk of infection and foot
ulcer among individuals with diabetes (27).
Therapeutic shoes aid in preventing these
conditions, by protecting feet with pre v i o u s
d e f o rmities or ulcers and preventing new
trauma. Insurance coverage for therapeutic
shoes has been associated with reductions in
the rate of lower- e x t remity amputation
among individuals with diabetes (28,29).

Given the significant economic and
physical burden of lower- e x t remity ampu-
tation, the importance of a cost-eff e c t i v e
and comprehensive diabetes disease man-
agement program targeted at reducing the
incidence and cost of amputation cannot be
u n d e restimated. Accord i n g l y, a series of
analyses were undertaken to estimate the
potential economic impact of the above-
mentioned strategies targeted at the pre-
vention of lower- e x t remity amputation.
The perspective of a managed care org a n i-
zation was used, since the multidisciplinary
practice settings and preventive focus typ-
ical of managed care providers are well
suited to strategies of this nature .

RESEARCH DESIGN AND
M E T H O D S

Population
The population for this study was a hypo-
thetical cohort of 10,000 individuals with
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Potential Economic Benefits of 
L o w e r- E x t remity Amputation Pre v e n t i o n
Strategies in Diabetes

O R I G I N A L  A R T I C L E

O B J E C T I V E — To estimate the potential economic benefits of selected strategies from pub-
lished literature—educational interventions, multidisciplinary clinics, and insurance coverage
for therapeutic shoes—to reduce the incidence of lower- e x t remity amputation among indi-
viduals with diabetes.

RESEARCH DESIGN AND METHODS — We developed a model to estimate the
expected incidence and associated costs of lower- e x t remity amputation in a hypothetical cohort
of 10,000 people with diabetes. Prevention strategies were assumed to be targeted at individ-
uals with a history of foot ulcer, and benefits were estimated over a period of 3 years.

R E S U LT S — The total potential economic benefits (discounted at 5%) of strategies to
reduce amputation risk ranged from $2.0 to $3.0 million ($2,900 to $4,442 per person with a
h i s t o ry of foot ulcer) over 3 years. Benefits were highest for educational interventions. Most
b e n e fits were found to accrue among individuals aged 70 years.

C O N C L U S I O N S — Strategies to reduce the risk of lower- e x t remity amputation may gen-
erate substantial economic benefits and should be a standard component of routine diabetes
c a re. Benefits may best be achieved through a partnership of government, private payers, health
c a re service providers and producers, and individuals with diabetes.
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diabetes. Assuming a prevalence rate of
diabetes in the general U.S. population of
4%, this is approximately the number of
individuals with diabetes that would be
expected in a managed care plan with a
total membership of 250,000. Because foot
ulcers are a major precursor of lower-
e x t remity amputation, it was assumed that
all interventions to reduce amputation risk
would be targeted at individuals with dia-
betes and a history of foot ulcer. A
schematic of the model used to follow the
c o h o rt is presented in Fig. 1.

Estimation of economic benefits
Table 1 provides information on key param-
eters used in model estimation. Economic
b e n e fits were calculated as follows: assum-
ing the hypothetical cohort would match
the age distribution of individuals with dia-
betes in the U.S. general population, data
f rom the 1991–1993 National Health Inter-
view Survey (NHIS) were used to distribute
the 10,000 individuals across several age-
g roups (i.e., 0–29, 30–39, 40–49, 50–59,
60–69, and 70 years) (30–32).

Next, assuming that interventions to
p revent lower- e x t remity amputations
would be aimed at individuals with dia-
betes and a history of foot ulcer, the num-
ber of such individuals over 3 years was
estimated using population-based data on
the percentage of individuals with a history
of diabetic ulcer in each age-group of inter-
est (33) along with age-specific mort a l i t y
rates for individuals with diabetes (34).
Individuals aged 40 years were excluded
f rom the analysis because a history of foot
ulcer is rare in this population (33).

The number of individuals with a his-
t o ry of foot ulcer who would be expected to
u n d e rgo a first lower- e x t remity amputa-
tion each year was estimated assuming an
annual incidence rate of 4.8%. This esti-
mate was obtained using the midpoint of
the re p o rted range of the incidence of fir s t
l o w e r- e x t remity amputation among indi-
viduals with diabetes (2,6,7), which was in
t u rn multiplied by the relative risk (6.6) of
first lower- e x t remity amputation among
individuals with diabetes and a history of
foot ulcer versus those without such a his-
t o ry (5). All levels of lower- e x t re m i t y
amputation (i.e., above-knee, below-knee,
ankle, foot, and toe) were included in the
calculation of risk of first amputation.
Patients undergoing a first amputation in a
given year were excluded from the at-risk
population in subsequent years, since each
of the preventive strategies of interest was

Figure 1—Schematic diagram of first lower-extremity amputation prevention model.

Table 1—Model parameters used to estimate potential economic benefits of prevention of fir s t
lower-extremity amputation

Parameter Estimate References

Age distribution (years) 30–32
0–39 10.0
40–49 9.2
50–59 18.9
60–69 18.9
70–79 26.3
80 16.7

Mortality (years) 34
0–39 1.0
40–49 1.0
50–59 2.8
60–69 2.8
70–79 5.8
80 13.6

History of foot ulcer (years) 33
0–39 0.0
40–49 4.0
50–59 2.9
60–69 6.0
70–79 8.8
80 14.0

Annual incidence of first lower-extremity amputation 4.8 2,5–7
Cost of lower-extremity amputation ($) 48,152 14
Discount rate 5
Percent of amputations averted by prevention

Patient/provider education 72.0 24,25
Multidisciplinary clinic 47.0 3,20,31
Therapeutic shoe coverage 53.5 24,27,29

Data are %, unless otherwise indicated.
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assumed to be targeted at individuals who
had not yet undergone any amputation
related to diabetes.

An average lifetime cost of all lower-
e x t remity amputations of $48,152 (14) was
used to estimate the cost per case of lower-
e x t remity amputation. This estimate was
i n flated to 1996 dollars using the medical
c a re services component of the Consumer
Price Index.

Next, the estimated annual number of
cases of first lower- e x t remity amputation
a v e rted with each prevention strategy was
calculated using the midpoint of the range
of risk reduction re p o rted in the published
l i t e r a t u re, as follows: patient and pro v i d e r
education, 72% (24,25); multidisciplinary
clinic care, 47% (3,20,35); and insurance
coverage for therapeutic shoes, 53.5%
(24,27,29). We assumed that all targ e t e d
individuals would participate in each pre-
vention strategy. No synergy related to
overlapping implementation of the thre e
types of strategies was assumed, since the
model was designed to measure the inde-
pendent effects of each strategy.

F i n a l l y, the expected number of cases of
first lower- e x t remity amputation avert e d
was multiplied by the estimated average
cost per case to calculate the expected
potential economic benefits for each pre-
vention strategy of interest. Potential bene-
fits were estimated over a 3-year time frame;
those benefits accruing in the 2nd and 3rd

years were discounted by 5%. The costs of
the interventions were not included in our
estimates of economic benefit because of a
paucity of available data.

Sensitivity analyses
Sensitivity analyses were undertaken to
examine the robustness of estimates of eco-
nomic benefits in relation to assumed
changes in selected parameter estimates,
including the risk of lower- e x t re m i t y
amputation among individuals with a his-
t o ry of foot ulcer, the cost of lower- e x t re m-
ity amputation, and the effectiveness of
each strategy in reducing risk. The risk of
l o w e r- e x t remity amputation was between
4.0 and 5.4%, consistent with the range of
risk re p o rted in the literature. Cost per case
was between 50 and 150% of the base-case
estimate. Finally, the effectiveness of each
strategy in reducing the risk of lower-
e x t remity amputation was reduced by half.

R E S U LT S

Number of lower-extremity
amputations
An estimated 679 individuals in the hypo-
thetical cohort would be expected to have
a history of foot ulcer during the 1st year
( Table 2). This number would decline over
years 2 and 3 because of mortality in the
c o h o rt. More than two-thirds of the indi-
viduals were aged 70 years (not shown).

The number of cases of lower- e x t re m-
ity amputation that would be expected to
occur in the absence of intervention are
32.7, 30.3, and 28.1 for years 1, 2, and 3
re s p e c t i v e l y, or a total of 91 cases. Numbers
of cases averted through educational inter-
ventions, multidisciplinary clinics, and
insurance coverage for therapeutic shoes
over the 3-year period are estimated to be
66, 43, and 49, re s p e c t i v e l y.

Potential economic benefits
Potential economic benefits for the 1st year
a re estimated to be $1.1 million for edu-
cational interventions, $750,000 for multi-
d i s c i p l i n a ry clinics, and $850,000 for
therapeutic shoe coverage (Table 2). Over 3
years, corresponding (discounted) potential
economic benefits would total $3.0, $2.0,
and $2.2 million. For each prevention strat-
egy of interest, nearly 70% of total economic
b e n e fits would accrue among individuals

70 years of age (not shown).

Sensitivity analyses
Our results are fairly sensitive to assumed
changes in the risk of lower- e x t re m i t y
amputation among individuals with a his-
t o ry of diabetic ulcer, the cost of lower-
e x t remity amputation, and reductions in
the risk of lower- e x t remity amputation.
Table 3 displays the results of variation in
the level of risk reduction for each inter-
vention. Even when the rate of risk re d u c-

Table 2—Potential economic benefits of strategies to prevent lower-extremity amputation over a 3-year period in a hypothetical cohort of
10,000 individuals with diabetes

Potential Potential
Individuals Cases of Expected Projected economic economic

Individuals with history lower-extremity cost number of benefits (not benefits
with diabetes of foot ulcer amputation per case ($) cases averted discounted) ($) (discounted at 5%) ($)

Education
programs
Year 1 10,000 679 32.7 48,152 23.6 1,134,654 1,134,654
Year 2 9,493 628 30.3 48,152 21.8 1,049,283 999,317
Year 3 9,018 582 28.1 48,152 20.2 972,813 882,370

Multidisciplinary
clinics
Year 1 10,000 679 32.7 48,152 15.4 740,677 740,677
Year 2 9,493 628 30.3 48,152 14.2 684,949 652,332
Year 3 9,018 582 28.1 48,152 13.2 635,031 575,992

Therapeutic
shoe coverage
Year 1 10,000 679 32.7 48,152 17.5 843,111 843,111
Year 2 9,493 628 30.3 48,152 16.2 779,676 742,548
Year 3 9,018 582 28.1 48,152 15.0 722,854 655,650
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tion is reduced by half, potential economic
b e n e fits still ranged from appro x i m a t e l y
$1.0 to $1.5 million over a 3-year period.

C O N C L U S I O N S — Our results suggest
that, among individuals with diabetes at
high risk for lower- e x t remity amputation,
selected strategies to reduce the risk of
amputation may result in improved quality
of diabetes care, reduced risk of amputation,
and substantial economic benefits for man-
aged care organizations. In a population of
10,000 individuals with diabetes, 3-year
potential savings are estimated to range fro m
$2,900 to $4,442 per person with a history
of foot ulcer. Corresponding total potential
b e n e fits would range from $2.0 to $3.0 mil-
lion over 3 years. Approximately 70% of the
b e n e fits would accrue in individuals 7 0
years of age; there f o re, managed care
p roviders with significant Medicare enro l l-
ment may be best served by these strategies.

Our findings suggest that the highest
economic benefit may be realized thro u g h
the use of educational interventions. Edu-
cational interventions, which are often
inexpensive to implement, may be eff e c t i v e
in reducing the risk of lower- e x t re m i t y
amputation. Even when the rate of risk
reduction for these interventions was
reduced by half, estimated cost savings still
totaled $1.5 million over 3 years. Litzel-
man et al. (3) identified several low-cost
examples of educational interv e n t i o n s ,
including instructions to patients to re m o v e
their shoes and socks during routine physi-
cian visits to increase the rate of foot exam-
ination by providers, and instruction on
daily foot care and self-examination via
b ro c h u res or handouts.

Several limitations of this analysis
should be noted. First, our estimates of
economic benefit do not include the costs
of intervention because of a paucity of
available data. Even if such data were avail-
able, however, cost estimation would be
complicated by variation in provider types
and practice settings. Nevertheless, the
costs of these strategies must be considere d
in any formal evaluation of their economic
f e a s i b i l i t y. At a minimum, the estimates of
potential benefits per high-risk patient may
s e rve as a guide to calculating a re a s o n a b l e
cost threshold for prevention strategies in a
managed care setting.

We note, too, that published evidence
of the effectiveness of strategies to pre v e n t
l o w e r- e x t remity amputation, on which the
calculations of economic benefits were
based, is severely limited. Most of the stud-
ies cited were uncontrolled, nonrandom-
ized, and/or re t rospective; in addition,
these studies re p o rted benefits over multi-
ple time frames. We also assumed that all
individuals targeted by these interv e n t i o n s
would be served by each strategy. In re a l i t y,
p a rticipation rates for some interv e n t i o n s ,
p a rticularly voluntary strategies, may be
minimal; this in turn may diminish the
e ffectiveness of each strategy substantially.
For these reasons, our estimates of eco-
nomic benefits and reductions in the risk of
l o w e r- e x t remity amputation should be
i n t e r p reted with caution.

We also used estimates of the risk of
first lower- e x t remity amputation from larg e
s u rveillance studies (2,6,7), which may
u n d e restimate such a risk in certain ethnic
g roups known to be susceptible to amputa-
tion (e.g., Native Americans). In addition,

our model focused solely on the risk of fir s t
amputation, despite the increased risk of
multiple amputations among individuals
with an initial amputation (14). Our inter-
est, however, was in creating a simple
s t r a i g h t f o rw a rd model designed to pro v i d e
generic estimates of the benefits of primary
p revention (i.e., for nonamputees). Because
we used population-wide risk estimates and
focused on primary prevention only, we feel
that our estimates of the risk of (and associ-
ated benefits of preventing) lower- e x t re m i t y
amputation are conserv a t i v e .

T h e re is also some uncertainty as to the
generalizability of findings re g a rding the
e ffectiveness of interventions among diff e r-
ent populations and practice settings. It is
unknown, for example, whether an educa-
tional program that is effective in an inner-
city population would achieve similar
results in a managed care setting. The gen-
eralizability of our results to other diabetic
populations at high risk for foot ulcer
and/or amputation (e.g., those with periph-
eral vascular disease and/or neuropathy) is
also unclear.

Our analysis also did not incorporate
estimates of turnover in managed care
e n rollment, which may be a significant issue
for realization of economic benefits. In addi-
tion, while recent studies indicate that dia-
betic complications (including amputation)
result in significant lifetime costs to the
patient (36), we only consider costs accru e d
over 3 years. However, the 3-year time hori-
zon used in these analyses matches the time
frames used by many managed care org a n-
izations for program planning. From a man-
aged care perspective, an amputation
p e rf o rmed after the patient disenrolls is not
a cost to the organization providing the
i n t e rvention. There also is evidence that
high turnover rates are less likely to be
o b s e rved in elderly diabetic populations
because of the need among individuals with
diabetes for comprehensive benefits and
long-standing provider relationships (Amer-
ican College of Physicians, unpublished
o b s e rvations). In addition, employment-
related turnover would not be expected to
be an issue among individuals aged 7 0
years. For these reasons, we consider our
estimates to re flect the conservative plan-
ning process used by many managed care
o rg a n i z a t i o n s .

Even if minimal effectiveness of these
strategies is assumed upon implementa-
tion in a managed care setting, however,
economic benefits may still be substantial;
a strategy that prevents only 10% of fir s t

Table 3—Sensitivity analysis of potential economic benefits over 3 years with respect to re d u c -
tion in the risk of lower-extremity amputation

Total potential
Reduction in risk Total cases of Total economic benefits 
of lower-extremity lower-extremity Cost number of (discounted 
amputation amputation per case ($) cases averted at 5%) ($)

Education programs
Base-case estimate (72%) 91.1 48,152 65.6 3,016,342
Low estimate (36%) 91.1 48,152 32.8 1,508,171

Multidisciplinary clinics
Base-case estimate (47%) 91.1 48,152 42.8 1,969,001
Low estimate (23.5%) 91.1 48,152 21.4 984,500

Therapeutic shoe coverage
Base-case estimate (53.5%) 91.1 48,152 48.7 2,241,310
Low estimate (26.8%) 91.1 48,152 24.4 1,122,749
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l o w e r- e x t remity amputations, for example,
may still provide over $600 in savings per
high-risk patient over 3 years (Fig. 2). Low-
cost voluntary strategies such as educa-
tional handouts or bro c h u res may, in fact,
be the managed care org a n i z a t i o n ’s initial
e ff o rt of choice; other, more compre h e n s i v e
strategies may then be used after the bene-
fits of the initial program are measure d .

Our findings provide additional sup-
p o rt for the benefits of preventive strategies
t a rgeted at reducing the rate of lower- e x t re m-
ity amputation among individuals with dia-
betes, although further study is necessary to
evaluate these strategies across multiple pop-
ulations and practice settings. Given the
s i g n i ficant cost, morbidity, and mort a l i t y
associated with lower- e x t remity amputation,
we advocate the formation of a part n e r s h i p
between government, private payers, health
c a re service providers and producers, and
individuals with diabetes to establish ampu-
tation prevention strategies as standard com-
ponents of routine diabetes care .
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