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Abstract—The purpose of this study was to estimate health-
care costs associated with diabetes-related lower-limb amputa-
tions (LLAs) within the Veterans Health Administration 
(VHA). We performed a cross-sectional comparative analysis 
of 3,381 VHA clinic users in fiscal year (FY) 2004 and 3,403 
VHA clinic users in FY2010 identified as having type 2 diabe-
tes mellitus and nontraumatic LLA. LLA expenditures related 
to inpatient medical, inpatient surgical, and outpatient care 
were estimated using VHA Health Economics Resource Center 
average cost files. LLA-related pharmaceutical costs were 
obtained from VHA Decision Support Systems national extract 
files. From the Department of Veterans Affairs (VA) perspec-
tive, the mean cost associated with care for diabetes-related 
LLA per patient in the VA healthcare system in FY2004 was 
$50,351 (95% confidence interval [CI] = 48,939–51,803) in 
2012 U.S. dollars; the total cost for all 3,381 patients was 
$170,236,037. In FY2010, cost per patient rose to $60,647 
(95% CI = 59,143–62,188), with a total cost of $206,380,331 
for 3,403 patients. In the VHA healthcare system, the eco-
nomic burden associated with LLAs in patients with diabetes 
exceeded $200,000,000 in FY2010. This suggests that further 
improvements in care of patients with diabetes could be associ-
ated with significant cost savings.

Key words: amputations, cost, diabetes, health services, LLA 
expenditures, lower-limb amputations, VA, veteran, Veterans 
Health Administration, VHA.

INTRODUCTION

Diabetes mellitus type 2 currently affects roughly one 
in four U.S. veterans, resulting in a 10- to 20-fold 
increased risk of lower-limb amputation (LLA) among 
those with diabetes [1]. LLAs are burdensome, both in 
terms of the patient’s quality of life and in healthcare 
costs. The direct medical costs for diabetic patients with 
LLA in the United States in 2001 totaled $1.65 billion, 
nearly 2 percent of all diabetes-related healthcare costs 
[2]. The functional disability associated with LLA 
includes problems with mobility, self-care, and social and 
emotional isolation [3], and diabetic patients with LLA 
have an increased risk of comorbid disease and death from 
cardiovascular disease. LLAs serve as a marker of poor 
glycemic control and, as a result, LLAs are assessed as a 
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prevention quality indicator by the Agency for Healthcare 
Research and Quality and are reflective of the quality of 
foot care delivered within a healthcare system [4–5].

The Veterans Health Administration (VHA) is the 
largest provider of managed care health services in the 
United States. It has had electronic medical health 
records for individual patients for the last two decades. 
Prior VHA studies have estimated the prevalence of any 
LLA at 8 per 1,000 among veterans with type-2 diabetes 
and initial amputation rates at 6 per 1,000 [6]. Subse-
quent studies have found that initial LLA rates have been 
decreasing in the veteran population with diabetes for 
both minor and major amputations [7]. However, no 
study has estimated VHA costs associated with LLA in 
patients with diabetes. Therefore, the aim of this study 
was to estimate and compare the individual-level health-
care costs associated with LLA within the VHA in fiscal 
year (FY) 2004 and FY2010, focusing on those costs 
associated with the surgical procedure itself.

METHODS

This was a cross-sectional analysis of VHA clinic 
users with diabetes in FY2004 and FY2010. Using previ-
ously validated and described methods [8], we identified 
diabetic VHA users by the presence of two different out-
patient or inpatient episodes associated with diabetes-
related International Classification of Diseases-Ninth 
Revision (ICD-9) diagnosis codes during the year of 
interest or the prior year (24 mo period) or the prescrip-
tion of medications for glycemic control in the year of 
interest. Data from the Department of Veterans Affairs 
(VA) inpatient Patient Treatment File and Outpatient 
Event files were used in this determination. Cost data for 
inpatient and outpatient utilization were acquired from the 
VA Health Economics Resource Center (HERC) [9–10]. 
Medication costs were calculated from prescription data 
in the Decision Support Systems (DSS) pharmacy files. 
Preliminary analysis demonstrated that costs are right-
skewed and do not conform to a normal distribution. 
Therefore, individual patient’s costs are presented with 
two measures: means and medians (±1st quartile, 3rd 
quartile); sums are reported to demonstrate total burden. 
Estimates of mean costs were separately derived for 
FY2004 and FY2010. We estimated the mean total cost 
and its 95 percent confidence interval (CI), as well as 
mean cost by amputation level, using an “empty” model 

(no independent variables) based on a gamma distribution 
to account for the skewed distribution of the cost data.

Amputation procedures done in a VHA hospital were 
identified based on the presence of an associated ICD-9 
procedure code (toe amputation [84.11], transmetatarsal 
and below-knee amputation [84.12–84.16], above-knee 
amputation [84.17–84.19]) [8]. Each patient was catego-
rized according to his or her highest anatomic level 
amputation because studies have shown that significant 
numbers of lower levels of amputations may progress to 
subsequent, higher-level amputations [11–12].

Costs were estimated from the VHA perspective. For 
costs related to VHA inpatient and outpatient services in 
FY2004 and FY2010, cost estimates from HERC average 
cost files were used [7]. HERC’s average costing 
approach assumes that each healthcare encounter has the 
average cost of all encounters with the same characteris-
tics. HERC estimates for acute medical-surgical inpatient 
stays are based on a cost regression method that uses 
Medicare data as a comparable non-VHA data set to 
model the relationship between cost and the characteris-
tics of the stay. It then combines the model with VHA 
data to estimate predicted cost and then adjusts the result 
to reflect total annual VHA expenditures [10].

All outpatient costs 30 d prior to and 60 d post-LLA 
were considered surgery-related and were included in the 
analysis. Costs for surgery-related medications were 
obtained from VHA DSS national extract data and 
included all inpatient and discharge medications dis-
pensed within 7 d of inpatient discharge following ampu-
tation. All costs have been Consumer Price Index 
inflation-adjusted to 2012 U.S. dollars [13]. Analyses 
were conducted using SAS software version 9.2 (SAS 
Institute Inc; Cary, North Carolina).

RESULTS

We identified 1,003,052 and 1,260,018 veterans with 
diabetes in FY2004 and FY2010, respectively. The 
majority were male (99%), white (FY2004: 61%; 
FY2010: 64%), and with a mean age of 66 yr (FY2004) 
and 63 yr (FY2010). Relative to FY2004, in FY2010 
patients receiving LLA rose from 3,381 to 3,403, but 
fewer received more than one LLA (12.2% in FY2004 vs 
11.3% in FY2010). Toe amputation was the most com-
mon LLA, affecting 1,373 veterans (41%) in FY2004 and 
1,454 (41%) in FY2010. Proportions of patients with dia-
betes undergoing amputation within the VHA system 
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decreased from 337/100,000 (95% CI: 326–348/100,000) 
in FY2004 to 270/100,000 (95% CI: 261–279/100,000) 
in FY2010.

The overall median length of stay was 13 d in 
FY2004 and 11 d in FY2010. This decrease is apparent 
across all amputation levels: toe (FY2004: 10, interquar-
tile range [IQR] 6, 18; FY2010: 8, IQR 5, 14), below 
knee (FY2004: 15, IQR 8, 25; FY2010: 12, IQR 7, 21), 
and above knee (FY2004: 16, IQR 9, 29; FY2010: 15, 
IQR 9, 25).

Overall, the mean cost of care for individual patients 
with LLA increased from $50,351 (95% CI: $48,939–
$51,803) in FY2004 to $60,647 (95% CI: $59,143–
$62,188) in FY2010, and the median increased from 
$33,927 (IQR: $18,742, $62,796) in FY2004 to $43,528 
(IQR: $25,429, $74,607) in FY2010. In FY2004, inpatient 
surgery accounted for 89.8 percent of LLA-associated 
direct medical costs, followed by pharmacy (7.0%) and 
outpatient visits (3.2%). In FY2010, these proportions 
for LLA-associated direct medical costs were inpatient 
surgery (88.3%), outpatient visits (6.2%), and pharmacy 
(5.5%). By level of amputation, the mean total direct medi-
cal costs for individual patients were least for toe amputa-
tions (FY2004: $33,205, 95% CI: $31,845–$34,622); 
FY2010: $41,484, 95% CI: $40,075–42,943) and greatest 
for the most extensive procedure, above-knee amputations 
(FY2004: $69,726, 95% CI: $65,275–$74,481; FY2010: 
$82,758, 95% CI: $78,063–$87,736) (Table).

The amputation-related costs incurred by the VHA in 
FY2004 totaled $170,236,037, 0.66 percent of VHA total 
annual expenditures, and $206,380,331 in FY2010, 
0.51 percent of VHA total annual expenditures. The pro-
portion of VHA annual inpatient expenditure attributed 
to amputation-related costs decreased from 1.76 percent 
in FY2004 to 1.25 percent in FY2010, whereas the pro-
portion of VHA annual outpatient expenditures attributed 
to amputation-related costs increased from 0.05 percent 
in FY2004 to 0.07 percent in FY2010. The proportion of 
VHA annual pharmacy expenditures attributed to ampu-
tation-related costs remained constant at 0.2 percent.

DISCUSSION

Among veterans with diabetes, the individual mean 
cost associated with an LLA in the VHA system in 
FY2004 was $50,351; in total, the economic burden asso-
ciated with LLA in this population was more than $170 
million. In FY2010, the mean cost was $60,647 with an 

economic burden of more than $206 million. Patients 
with higher anatomic levels and/or multiple amputations 
had markedly increased costs for inpatient surgery and 
pharmacy but lower outpatient costs, possibly because in 
the VHA system, a longer period of recovery and rehabil-
itation occurs in the inpatient setting for these patients. Of 
note, this analysis was done from the VHA perspective 
and did not include costs incurred outside VHA.

Consistent with previous reports [7], we observed a 
decreased proportion of VHA users with diabetes under-
going LLA. However, because of the increasing numbers 
of veterans with diabetes, the number of LLAs increased 
slightly in 2010 relative to 2004. Fewer VHA patients 
underwent multiple amputations and length of stay per 
amputation decreased, but the apparent economic burden 
of LLA continued to rise. This was not only because of 
the increase in the number of LLAs but also because of 
an apparent increase in the cost per LLA. The latter 
increase may be explained in part by changes to the diag-
nosis-related groups used by Medicare [12] to determine 
reimbursement rates, as well as the HERC costing 
approach that employs both a FY adjustment and a 
national scaling factor to fit Medicare data to the VHA 
annual budget.

Previous studies have also found a large economic 
burden associated with diabetes-related LLA. In 2003, 
Brandle et al. estimated the 1 yr median cost of an ampu-
tation event as $37,600 ($23,300–$62,200) in 2003 dol-
lars [13]. In a 2008 study, the mean total annual Medicare 
payments for any beneficiary with a diabetes-related 
LLA was estimated at approximately $52,000, reported 
in 2008 dollars [14]. Neither study is directly comparable 
to this study, which focused on the VHA economic per-
spective and on the amputation event rather than the total 
annual medical costs of patients who had an amputation 
in that year.

This study was limited in that rehabilitation and pros-
thetic costs were captured only if they were provided dur-
ing hospitalization. While an episode of care approach 
has been used in the literature, costing an episode of care 
requires access to data encompassing care both within 
and outside the VHA system. The purpose of this study 
was to develop costs of care from the VHA perspective 
only, so costs outside the VHA system were not included. 
Previous studies have found higher rates of progression 
from toe amputations to higher levels [15–16] relative to 
our findings. This difference may be explained by our 
choice to limit our analysis to amputations occurring 
within a fiscal year. Additionally, amputations that 
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Amputation Level
(% of total)

Cost 
Category

N
% Missing 

Data
Mean,* USD 2012

(95% CI)
Median, USD 2012

(IQR)
Sum, USD 2012

FY2010
All Levels Total 3,403 — 60,647 (59,143–62,188) 43,528 (25,429–74,607) 206,380,331

Inpatient 0.00 53,555 (52,121–55,028) 37,603 (19,941–66,648) 182,246,162
Outpatient 6.80 4,043 (3,907–4,184) 2,506 (1,316–4,556) 12,825,608
Pharmacy 0.01 3,324 (3,217–3,335) 1,911 (1,058–3,704) 11,308,562

Toe (42.7%) Total 1,454 — 41,484 (40,075, 42,943) 30,636 (20,719, 49,322) 60,317,849
Inpatient 0.00 34,369 (33,082–35,706) 23,559 (15,362–41, 025) 49,972,514
Outpatient 2.20 4,441 (4,229–4,664) 2,857 (1,553–4,918) 6,311,032
Pharmacy 0.00 2,775 (2,643–2,913) 1,633 (973–3,126) 4,034,303

Below Knee (38.3%) Total 1,303 — 71,067 (68,449–73,785) 55,019 (34,230–89,063) 92,600,714
Inpatient 0.00 63,918 (61,423–66,513) 48,885 (28,589–80,299) 83,284,553
Outpatient 8.70 3,862 (3,653–4,082) 2,464 (1,281–4,379) 4,595,341
Pharmacy 0.08 3,626 (3,445–3,816) 2,292 (1,180–4,122) 4,720,820

Above Knee (19.0%) Total 646 82,758 (78,063–87,736) 60,372 (34,270–101,729) 53,461,769
Inpatient 0.00 75,835 (71,377–80,571) 55,371 (29,944–93,262) 48,989,094
Outpatient 13.20 3,421 (3,129–3,741) 1,829 (961–3,667) 1,919,235
Pharmacy 0.00 3,953 (3,642–4,290) 2,143 (1,073–4,098) 2,553,439

FY2004
All Levels Total 3,381 — 50,351 (48,939–51,803) 33,927 (18,742–62,796) 170,236,037

Inpatient 0.00 45,236 (43,886–46,626) 29,822 (15,564–56,675) 152,941,577
Outpatient 8.80 1,766 (1,708–1,827) 1,257 (581–2,280) 5,449,187
Pharmacy 0.40 3,517 (3,389–3,650) 1,661 (816–3,628) 11,845,273

Toe (40.6%) Total 1,373 33,205 (31,845–34,622) 22,981 (14,224–40,848) 45,589,911
Inpatient 0.00 28,882 (27,584–30,241) 19,325 (10,970–36,006) 39,655,505
Outpatient 2.50 1,784 (1,702–1,870) 1,338 (707–2,318) 2,386,906
Pharmacy 0.40 2,595 (2,454–2,745) 1,302 (651–2,673) 3,547,500

Below Knee (40.3%) Total 1,362 — 58,446 (56,096–60,894) 44,185 (25,834–72,525) 79,602,886
Inpatient 0.00 53,261 (50,994–55,628) 39,945 (22,391–67,201) 72,541,177
Outpatient 11.70 1,845 (1,744–1,953) 1,254 (540–2,371) 2,218,267
Pharmacy 0.50 3,574 (3,389–3,770) 1,927 (987–4,229) 4,843,442

Above Knee (19.1%) Total 646 — 69,726 (65,275–74,481) 44,589 (24,620–85,195) 45,043,240
Inpatient 0.00 63,073 (58,988–67,440) 40,452 (21,763–76,837) 40,744,894
Outpatient 15.60 1,549 (1,421–1,687) 1,027 (402–2,001) 844,014
Pharmacy 0.00 5,347 (4,863–5,880) 2,034 (970–4,338) 3,454,332

occurred outside the VHA system, such as through Medi-
care-covered services, were not included since our focus 
was on estimating costs within the VHA system.

CONCLUSIONS

This study costs multiple episodes incurred within a 
fiscal year and attributes them to the highest level of 

amputation performed. VHA has seen significant 
improvements in diabetes care [17]. For example, evalua-
tion in the VHA of veterans with diabetes has demon-
strated a 5 yr (2000–2004) significant downward trend of 
all types of amputations [7]. However, this study demon-
strates that further improvements in diabetes care deliv-
ery will be needed to control the costs of diabetes-
associated complications such as LLA as the numbers of 
veterans with diabetes grows.

Table.
Mean and median direct medical costs associated with diabetes-related lower-limb amputations, Veterans Health Administration. All costs are 
expressed in 2012 U.S. dollars (USD 2012).

*Geometric mean.
CI = confidence interval, FY = fiscal year, IQR = interquartile range.
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