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OBJECTIVE

To examine the racial/ethnic, rural-urban, and regional variations in the trends of
diabetes-related lower-extremity amputations (LEAs) among hospitalized U.S.
adults from 2009 to 2017.

RESEARCH DESIGN AND METHODS

We used the National Inpatient Sample (NIS) (2009–2017) to identify trends in
LEA rates among those primarily hospitalized for diabetes in the U.S. We con-
ducted multivariable logistic regressions to identify individuals at risk for LEA
based on race/ethnicity, census region location (North, Midwest, South, and
West), and rurality of residence.

RESULTS

From 2009 to 2017, the rates of minor LEAs increased across all racial/ethnic,
rural/urban, and census region categories. The increase in minor LEAs was driven
by Native Americans (annual percent change [APC] 7.1%, P < 0.001) and Asians/
Pacific Islanders (APC 7.8%, P < 0.001). Residents of non-core (APC 5.4%, P <

0.001) and large central metropolitan areas (APC 5.5%, P < 0.001) experienced
the highest increases over time in minor LEA rates. Among Whites and residents
of the Midwest and non-core and small metropolitan areas there was a signifi-
cant increase in major LEAs. Regression findings showed that Native Americans
and Hispanics were more likely to have a minor or major LEA compared with
Whites. The odds of a major LEA increased with rurality and was also higher
among residents of the South than among those of the Northeast. A steep
decline in major–to–minor amputation ratios was observed, especially among
Native Americans.

CONCLUSIONS

Despite increased risk of diabetes-related lower-limb amputations in under-
served groups, our findings are promising when the major–to–minor amputation
ratio is considered.

In the U.S., diabetes alone accounts for more than 100,000 nontraumatic lower-
limb amputations per year (1) and over $50,000 in work force disability and related
costs per patient (2). Individuals with diabetes are at increased risk of peripheral
vascular disease, peripheral neuropathy, and foot ulcers, which are predisposing
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factors for lower-extremity amputations
(LEAs) (3). Diabetes-related LEA is respon-
sible for significant negative and disabling
effects for individuals including loss of
employment, loss of health insurance,
significantly higher hospitalization rates,
and shorter life expectancy (4,5). In the
U.S., amputation rates per 1,000 adults
with diabetes decreased 43% between
2000 and 2009 (6) and has been largely
attributed to improvements in diabetes
care and identification of risk factors
among different groups (7). Moreover,
these declines were driven by LEA reduc-
tions among older adults, though the rea-
sons for the decline within this age-group
are unknown (7). However, recent studies
have drawn attention to the resurgence
of minor amputations, particularly among
young and middle-aged adults (6,8).

Many sociodemographic factors such
as race/ethnicity, poverty, and insurance
status contribute to observed variations
in diabetes severity as it relates to likeli-
hood of LEA (1,9,10). There is ample evi-
dence that Black and Hispanic populations
are disproportionately affected by both
diabetes and LEA compared with White
populations (9,11). In addition, regional
and rural-urban variations in the burden
of diabetes and LEA have also been
reported (11–14). For example, among
Medicare beneficiaries with diabetes,
Margolis et al. (13) (2011) identified
regional clusters with increased LEA risk
in the contiguous states of the South
census region, while Yin et al. (15) (2013)
reported on the regional variation in hos-
pitalization costs among patients with dia-
betes who went through LEA, with higher
costs in the West census region. Other
studies have reported on the increased
incidence of LEA among rural residents in
the emergency department (16,17).

Recent studies using national data
have examined aspects of LEA such as
the trends in minor and major LEA with
an emphasis on age and sex variations
(6), and racial/ethnic differences, in ampu-
tation rates among individuals with diabe-
tes hospitalized for diabetic foot ulcers and
infections (8,18). However, no prior stud-
ies shed light on geographical variation
in trends in rates of LEA, particularly
across the urban-rural continuum and
census regions. In addition, these studies
are now somewhat dated, with data
examined only up to 2015. Therefore, a
more contemporary analysis is needed.
The purpose of this study was to

examine the racial/ethnic, rural, and
regional trends in minor and major LEA
among adults with diabetes who are
hospitalized in the U.S. The secondary
aim was to identify the sociodemo-
graphic factors associated with the risk
of a minor or major LEA among adults
hospitalized with diabetes.

RESEARCH DESIGN AND METHODS

Data Source
This retrospective, observational study
was conducted using data obtained
from the Healthcare Cost and Utilization
Project (HCUP) Nationwide Inpatient
Sample (NIS) for the years 2009–2017.
The NIS is developed through a federal-
state-industry partnership and is made
available by the Agency for Healthcare
Research and Quality (AHRQ). It is the
largest all-payer hospital inpatient data-
base in the U.S. Unweighted: the NIS
includes data from more than seven
million discharges from U.S. community
hospitals annually. Weighted: the NIS
estimates >35 million hospital stays
nationally each year (19).

Study Sample
The NIS contains information on ICD-9
and ICD-10, Clinical Modification (ICD-9-
CM and ICD-10-CM/Procedure Classifica-
tion System [PCS]) diagnoses and proce-
dure codes for each hospital stay.
AHRQ’s Clinical Classifications Software
(CCS) codes categorize ICD-9-CM and
ICD-10-CM diagnosis codes into clinically
meaningful categories (20). Admissions
for diabetes without complications were
identified in the NIS with CCS codes 49
(for ICD-9-CM codes) and 3.2 (for ICD-
10-CM codes), and admissions for diabe-
tes with complications were identified
with CCS codes 50 and 3.3 for ICD-9-CM
and ICD-10-CM codes, respectively. We
limited the study sample to patients dis-
charged with a diagnosis of diabetes as
indicated in the principal diagnosis fields
to capture patients who primarily were
admitted for diabetes. Discharged patients
with indication of minor or major LEAs in
the primary or secondary procedure codes
were identified with ICD-9-CM and ICD-10-
CM procedure codes shown in Appendix
1. Minor LEAs were defined as toe and
foot amputations, and major LEAs were
defined as amputations above the foot,
below the knee, or above the knee. Con-
sistent with previous research on LEAs, we

restricted our sample to patients age $18
years.

Variables
The primary outcome variable was doc-
umentation of either minor or major
LEA during a diabetes-related admission
in any of the procedure fields. This out-
come was measured in three ways.
First, we estimated the percentage of
diabetes-related hospitalizations with a
minor or major LEA. Second, we treated
minor and major LEAs as dichotomous
variables and examined the sociodemo-
graphic and clinical characteristics asso-
ciated with the likelihood of a minor or
major LEA during a diabetes-related
admission. Third, for each racial/ethnic
category, we measured the major-to-
minor amputation ratio for each study
year. We included this outcome recog-
nizing that the changing trends in major
and minor amputations might be a posi-
tive outcome, given the burden on
some racial/ethnic groups. Where minor
LEAs were examined, patients dis-
charged with major LEAs were excluded
from the analysis, and vice versa.

Our main independent variables were
measures for race/ethnicity, rural/urban
status of patient’s residence, and census
region of the admitting hospital. Race/eth-
nicity was coded as White, Black, Hispanic,
Asian or Pacific Islander, Native American,
and other. Approximately 56,906 discharge
records had missing information on race.
Therefore, we added a “missing” category
to the race/ethnicity variable to avoid list-
wise deletion of these observations in the
analysis. Information on the patient’s resi-
dence was categorized into six levels of
rurality with the 2013 National Center for
Health Statistics urban-rural classification
scheme: Large central metropolitan, large
fringe metropolitan, medium metropolitan,
small metropolitan, micropolitan, and non-
core (21). Census region was categorized
as North, Midwest, South, and West.
Other sociodemographic control variables
included age (categorized as 18–44,
45–64, 65–74, and $75 years); sex (male/
female), primary payer (privately insured,
Medicare, Medicaid, self-pay/no charge,
and other), and median household income
for patient’s ZIP code ($1–38,999, $39,000–
47,000, $48,000–62,999, and $63,000 or
more). Patients’ clinical characteristics such
as the presence of comorbidities and prior
amputation were also included as covariates.
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Comorbidities were identified with use
of the Charlson Comorbidity Index (22)
to adjust for the number of comorbid-
ities recorded in each admission. Dis-
charge records in which patients had
prior amputations were identified with
ICD-9-CM codes V49.70 to V49.77 and
ICD-10-CM codes Z894 to Z899.

Statistical Analyses
We used the discharge weights provided
in the NIS to account for the complex
sampling design and to provide national
estimates. In 2012, to improve national
estimates, the NIS sampling methods
changed from a 20% stratified sample of
all hospitals to a 20% stratified sample
of all discharge records from hospitals.
The 1993–2011 supplemental trends
weight file provided by HCUP was used
to reconcile the changes in the 2012
sampling frame.
In descriptive analysis, we calculated

the overall rates of minor and major LEAs
per 100,000 U.S. population age $18
years. Information on the U.S. population
for each study year was obtained from the
U.S Census Bureau. We also calculated the
percentage of diabetes-related admissions
that resulted in a minor or major amputa-
tion by race/ethnicity, rural-urban category,
and census region. For analysis of tempo-
ral trends in LEA rates, we used the Join-
point Trend Analysis software, version
4.8.0.1 (23) to obtain annual percent
changes (APC). The number of inflection
points was set to zero so as to focus the
analysis on overall linear trends of the
time period of investigation. Second, we
conducted separate logistic regressions to
identify the racial/ethnic, rural/urban, and
regional independent factors associated
with minor and major amputations. We
adjusted for sociodemographic factors
(age, sex, insurance status, median house-
hold income for ZIP code), clinical factors
(prior amputation, comorbidities), and
admission year. Odds ratios (ORs) and CIs
are presented. The a-level for statistical
significance was set at 0.05. Given the
unusual uptick in minor and major LEA
rates in 2017 across racial/ethnic, regional,
and rural-urban categories, we conducted
sensitivity analyses excluding year 2017
and compared the results with the main
findings. STATA 14.1 (StataCorp, College
Station, TX) was used for the regression
analysis.

RESULTS

Patient Characteristics
From 2009 to 2017, there were 4,806,430
diabetes-related discharges in the U.S.
(unweighted n = 979,417). Of these dis-
charges, 8.8% (n = 86,171) and 2.7% (n =
26,542) involved a minor or major LEA,
respectively. The mean (SEM) age for a dia-
betes discharge was 53.4 (0.05) years, and
diabetes-related minor and major LEAs
occurred at 60.1 (0.06) and 63.7 (0.10)
years, respectively. A large proportion of
the minor (72.1%, n = 62,080) and major
(68%, n = 18,015) LEAs occurred among
males, though they (males) constituted
just over one-half of the diabetes-related
admissions (54.5%, n = 532,820). Approxi-
mately 14.8% (n = 12,715) and 16.7% (n =
4,420) of patients who had a minor or
major LEA had had a prior amputation.

Overall Trends in Minor and Major
LEAs
From 2009 to 2017, diabetes discharges
increased by 17.9% from 212 per
100,000 adult population in 2009 to
250 per 100,000 adult population in
2017 (APC 1.1%, P = 0.10). The trends in
minor and major LEAs are displayed

in Fig. 1. Minor LEAs increased by
87.7% from 14.6 to 27.4 per 100,000
adult population between 2009 and
2017 (APC 6.2%, P < 0.001). Major
amputations increased by 42.1% from
5.7 to 8.1 major amputations per
100,000 adult population (APC 2.7%, P
= 0.10). Minor amputations increased
among males and females during the
study period (males, APC 4.8%, P <

0.001; females, APC 4.6%, P < 0.001),
while no statistically significant changes
were observed in major amputations
(males, APC 1.4%, P = 0.09; females,
APC = 1.4%, P = 0.25).

Trends in Minor and Major LEAs by
Race/Ethnicity, Rurality, and Region
From 2009 to 2017, minor LEAs increased
significantly across all racial/ethnic, rural,
and regional categories (Table 1). For race/
ethnicity, minor amputations increased by
48.5% among Hispanic people (APC 5.3%,
P < 0.001), 58.4% among White people
(APC 4.4%, P < 0.001), 58.5% among
Black people (APC 4.8%, P < 0.001),
94.1% among Asian people/Pacific Islanders
(APC 7.8%, P < 0.001), 72% among Native
Americans (APC 7.1%, P < 0.001), and
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Figure 1—Minor and major amputations per 100,000 adult population, NIS, 2009–2017.
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109% among those who identified their
race as “other” (APC 7.7%, P < 0.001)
(Table 1 and Fig. 2). Pertaining to rurality,
minor LEAs increased by 63.8% among
residents of large central metropolitan
areas (APC 5.5%, P < 0.001), 61.1%
among micropolitan residents (APC 4.9%,
P < 0.001), and 73.9% among non-core
residents (APC 5.4%, P < 0.001). For cen-
sus regions, minor LEAs increased by
57.5% in the Northeast (APC 5.4%, P <

0.001), 72.5% in the Midwest (APC 5.3%,
P < 0.001), 52% in the South (APC 4.6%,
P < 0.001), and 65.1% in the West (APC
5.6%, P < 0.001) (Table 1).

For major LEAs, only the APC values
of White people and residents of the
Midwest, non-core, and small metropol-
itan areas were statistically significant
(Table 1). Major LEAs increased by
22.3% among White people (APC 1.9%,
P < 0.001) and by 44.2% and 29.8%

among residents of small metropolitan
(APC 2.6%, P < 0.001) and non-core
areas (APC 2.9%, P < 0.001), respec-
tively. Like the sharp increase in minor
LEAs, those in the Midwest experienced
a 44% jump in major LEA rates (APC
4.0%, P < 0.001). The APC for Native
Americans was not statistically signifi-
cant (APC 2.4%, P = 0.50), although
there was a 21% decrease in major LEA
rates in 2017 in comparison with 2009.

Table 1—Percentage of patients admitted for diabetes with minor or major amputations (NIS, 2009–2017)

2009 2017 Percentage change APC (95% CI) P

Minor LEA
Sex

Male 9.19 3.93 �57.24 4.8 (3.4, 6.3) <0.001
Female 4.29 6.62 54.31 4.6 (3.0, 6.2) <0.001

Race
White 7.58 12.01 58.44 4.8 (3.3, 6.3) <0.001
Black 4.96 7.86 58.47 4.4 (2.2, 6.6) <0.001
Hispanic 8.36 12.41 48.46 5.3 (2.8, 6.8) <0.001
Asian or Pacific Islander 4.95 9.61 94.14 7.8 (5.3, 10.4) <0.001
Native American 8.03 13.81 71.98 7.1 (1.3, 13.3) <0.001
Other 5.20 10.88 109.23 7.7 (3.4, 12.1) <0.001

Urban-rural continuum
Large central metropolitan 6.51 10.66 63.75 5.5 (3.7, 7.3) <0.001
Large fringe metropolitan 7.39 11.27 52.50 4.7 (3.3, 6.2) <0.001
Medium metropolitan 7.40 11.35 53.38 4.8 (3.2, 6.4) <0.001
Small metropolitan 6.38 10.23 60.34 4.8 (3.3, 6.4) <0.001
Micropolitan 6.88 11.08 61.05 4.9 (2.8, 7.1) <0.001
Noncore 6.24 10.85 73.88 5.4 (3.1, 7.8) <0.001

Census region
Northeast 7.31 11.51 57.46 5.4 (3.3, 7.6) <0.001
Midwest 6.15 10.61 72.52 5.3 (3.3, 7.4) <0.001
South 7.03 10.71 52.35 4.6 (3.1, 6.1) <0.001
West 6.84 11.29 65.06 5.6 (4.3, 7.0) <0.001

Major LEA

Sex
Male 3.33 3.93 18.01 1.4 (�0.3, 3.2) 0.090
Female 2.00 2.31 15.5 1.4 (�1.2, 4.1) 0.250

Race
White 2.65 3.24 22.26 1.9 (0.1, 3.8) <0.001
Black 2.53 3.06 20.95 1.2 (�1.1, 3.7) 0.300
Hispanic 3.26 3.45 5.83 0.6 (�2.1, 3.4) 0.600
Asian or Pacific Islander 2.50 2.99 19.60 1.6 (�5.3, 9.1) 0.600
Native American 5.04 3.98 �21.03 2.4 (�5.9, 11.4) 0.500
Other 2.11 2.48 17.54 1.2 (�2.2, 4.7) 0.400

Urban-rural continuum
Large central metropolitan 2.50 2.86 14.40 1.1 (�1.8, 4.0) 0.400
Large fringe metropolitan 2.44 2.89 18.44 1.8 (�0.8, 4.4) 0.100
Medium metropolitan 2.98 3.372 13.15 0.6 (�1.3, 2.6) 0.500
Small metropolitan 2.58 3.72 44.19 2.6 (0.1, 5.2) <0.001
Micropolitan 3.41 3.77 10.56 1.7 (�1.7, 5.3) 0.300
Noncore 3.32 4.31 29.82 2.9 (1.1, 4.7) <0.001

Census region
Northeast 2.33 2.89 24.03 1.6 (�1.4, 4.8) 0.200
Midwest 2.24 3.22 43.75 4.0 (1.9, 6.1) <0.001
South 2.99 3.50 17.06 1.1 (�0.9, 3.2) 0.200
West 2.95 2.86 �3.05 �0.1 (�2.1, 2.0) 0.900

Boldface type indicates statistically significant APC.

2056 Diabetes-Related Lower-Extremity Amputation Rates Diabetes Care Volume 44, September 2021

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/44/9/2053/633267/dc203135.pdf by guest on 10 April 2024



The major-to-minor LEA ratios declined
across all racial/ethnic categories between
2009 and 2017. However, the most drastic
decrease was observed among Native
Americans (2009 major-to-minor amputa-
tion ratio, 0.63, and 2017, 0.29). For more
details on the major–to–minor amputation
ratios by race/ethnicity, see Appendix 3a
and 3b.

Factors Associated With a Minor
Amputation
After adjustment for sociodemographic
and clinical characteristics, males (OR
2.14; 95% CI 2.11, 2.18), Native Americans
(OR 1.26; 95% CI 1.167, 1.36), and resi-
dents of medium metropolitan areas (OR
1.05; 95% CI 1.03, 1.07) and the South
census region (OR 1.02; 95% CI 1.002,
1.05) were more likely to have a minor
amputation compared with females,
Whites, and residents of large central
metropolitan areas and the North cen-
sus region, respectively (Table 2). The
odds of a minor LEA also increased line-
arly from 2009 to 2017.

Factors Associated With a Major
Amputation
Males were almost twice as likely to
have a major amputation compared
with females (OR 1.82; 95% CI 1.77,
1.87). Blacks (OR 1.12; 95% CI 1.08,
1.16), Hispanics (OR 1.24; 95% CI 1.19,
1.29), and Native Americans (OR 1.32;
95% CI 1.16, 1.50) were more likely to
experience a major amputation com-
pared with Whites (Table 2). The highest

odds were observed among Native
Americans. For rurality, the odds of
major amputations increased along the
urban-rural continuum. Notably, resi-
dents of micropolitan (OR 1.50; 95% CI
1.48, 1.57) and non-core areas (OR 1.56;
95% CI 1.48, 1.65) had higher odds of
having a major amputation compared
with those in large central metropolitan
areas. Pertaining to census regions, the
odds of a major amputation were high-
est in the south (OR 1.37; 95% CI 1.31,
1.42), followed by the West (OR 1.27;
95% CI 1.21, 1.33) and Midwest (OR
1.12; 95% CI 1.07, 1.17) census regions.
The odds of a major LEA were higher in
2017 (OR 1.18; 95% CI 1.1, 1.24) com-
pared with 2009 but lower in the inter-
vening years. To ensure that our findings
were robust to the noted increases in
diabetes discharges in 2017, we con-
ducted sensitivity analysis whereby
patients discharged from that year
were excluded. The findings pertain-
ing to minor LEAs remained unchanged.
Moreover, the findings on what predicts
major LEAs remained unchanged.

CONCLUSIONS

The primary finding from this study is
that the rates of minor LEAs during dia-
betes-related hospitalizations increased
across all racial/ethnic, rural/urban, and
census region categories between 2009
and 2017. We show that the increase in
minor LEAs was driven by those of identi-
fying as Native Americans, Asians/Pacific
Islanders, other race and residents of

non-core areas and the West census
region.

Second, except for Whites and resi-
dents of the Midwest, non-core, and
small metropolitan areas who experi-
enced significant increases in major LEA
rates, the rates of major LEAs remained
stable over time across the categories
examined. Overall, these findings are con-
sistent with those of Geiss et al. (6), who
reported increasing minor LEA rates and
decreasing major LEA rates between
2009 and 2015. Third, after adjustment
for sociodemographic and clinical charac-
teristics, being Native American or His-
panic was independently associated with
having a minor or major LEA during a dia-
betes-related admission. Though Blacks
were less likely to have a minor amputa-
tion, they were more likely to experience
a major LEA compared with Whites. The
odds of a major LEA increased with rural-
ity and were also higher among residents
of the South census region compared
with those of the Northeast. Minor LEAs
increased among males and females,
which was reflective of the overall
upward trend in minor LEAs. However, no
statistically significant increase in major
LEAs was observed among males and
females. Regression findings showed that
males continue to be at a higher risk of
both minor and major LEAs, though they
constitute just over half of the diabetes-
related admissions. Our finding of incr-
eased LEA risk among males is consistent
with prior literature. One explanation for
the correlation between male sex and
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Figure 2—Percentage of patients admitted for diabetes with minor and major amputations by race/ethnicity, NIS, 2009–2017. Asian or, Asian or
Pacific Islander; Native Am, Native American.
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increased risk of LEA is that men are
more likely to have some of the indepen-
dent predictors for LEA, such as diabetic
foot ulceration, peripheral arterial disease,

cigarette use, and peripheral neuropathy
(24–26). Another explanation for sex differ-
ences in the risk of LEA might be the inferior
level of foot care among male patients with

diabetes compared with female counterparts,
resulting in a higher proportion of amputa-
tions among them (27).

From a public health perspective,
amputations, regardless of type, exert
socioeconomic and functional limitations
on patients and represent a failure of
early prevention through regulation of
modifiable risk factors (28). However,
from a clinical standpoint, major LEAs
can be more functionally devastating
than minor ones and have been shown
to be associated with increased morbid-
ity and mortality due to increased body
mass loss, lack of ambulation, and car-
diovascular complications (29). More-
over, higher levels of depression (30)
and reduced health-related quality of life
have been reported with major amputa-
tions, particularly among nonambulatory
patients (31). Hence, in some cases, a
minor amputation may be considered a
success for a patient.

Our findings of increased LEA risk
among Hispanics, Blacks, and Native
Americans are consistent with those of
prior studies showing disproportionately
higher rates of LEAs and other diabetes-
related complications among racial and
ethnic minority populations (8,9,32–34).
However, the underlying causes of the
sharp rise in minor LEA rates among
Asian Americans are unknown. Future
studies should explore this phenomenon.

Among Native Americans, we observed
a significant increase in minor LEAs and a
non–statistically significant increase in
major LEAs over time. Further analysis
showed that the ratio of major to minor
amputations, a measure of the quality of
diabetic foot care (35), decreased within
this group over the study period. Though
we did not find other peer-reviewed litera-
ture with investigation of this trend, it is
known that programs from the Indian
Health Service, particularly the Special Dia-
betes Program for Indians, have helped to
decrease the onset and complications of
diabetes among Native Americans (36).
Through diabetes surveillance systems and
a vast network of diabetes prevention and
treatment systems, the Indian Health Ser-
vice was able to report an 8% reduction in
hemoglobin A1c (HbA1c) levels between
1997 and 2015 among Native Americans
(35). Thus, the declining major–to–minor
LEA ratios may be due to early diagnosis
of diabetes and improved diabetes man-
agement and education systems within
this population.

Table 2—Odds of a minor or major amputation during a diabetes-related
hospitalization (NIS 2009–2017)

Minor amputation Major amputation

Race/ethnicity
White 1.000 1.000
Black 0.707*** (0.692, 0.722) 1.121*** (1.083, 1.161)
Hispanic 1.110*** (1.084, 1.136) 1.237*** (1.185, 1.291)
Asian or Pacific Islander 0.684*** (0.639, 0.732) 0.825** (0.731, 0.932)
Native American 1.257*** (1.166, 1.356) 1.322*** (1.163, 1.504)
Other 0.872*** (0.831, 0.916) 0.971 (0.885, 1.066)
Missing 0.953** (0.920, 0.987) 1.091** (1.027, 1.158)

Urban-rural classification

Large central metropolitan 1.000 1.000
Large fringe metropolitan 1.000 (0.979, 1.022) 1.055* (1.012, 1.100)
Medium metropolitan 1.048*** (1.025, 1.071) 1.354*** (1.302, 1.408)
Small metropolitan 0.964* (0.936, 0.993) 1.361*** (1.293, 1.431)
Micropolitan 1.013 (0.984, 1.042) 1.499*** (1.428, 1.574)
Noncore 0.982 (0.950, 1.015) 1.559*** (1.476, 1.645)

Census region

Northeast 1.000 1.000
Midwest 0.935*** (0.912, 0.958) 1.118*** (1.066, 1.171)
South 1.024* (1.002, 1.046) 1.365*** (1.311, 1.422)
West 0.963** (0.939, 0.987) 1.267*** (1.208, 1.329)

Sex

Male 2.142*** (2.107, 2.177) 1.821*** (1.770, 1.874)
Female 1.000 1.000

Age category (years)

18–44 1.000 (1.000, 1.000) 1.000 (1.000, 1.000)
45–64 3.867*** (3.776, 3.961) 4.765*** (4.515, 5.029)
65–74 4.418*** (4.288, 4.551) 6.163*** (5.801, 6.548)
$75 3.387*** (3.280, 3.497) 6.439*** (6.054, 6.849)

Primary payer

Medicare 0.884*** (0.866, 0.903) 1.487*** (1.427, 1.549)
Medicaid 0.836*** (0.815, 0.856) 1.092*** (1.039, 1.149)
Private 1.000 1.000
Self-pay/no charge 0.882*** (0.856, 0.910) 0.604*** (0.560, 0.652)
Other 0.875*** (0.835, 0.916) 0.948 (0.862, 1.044)

Median household income

$1–$38,999 0.982 (0.957, 1.007) 1.044 (0.995, 1.095)
$39,000–$47,000 0.993 (0.967, 1.018) 1.057* (1.007, 1.109)
$48,000–$62,999 1.019 (0.994, 1.045) 1.037 (0.988, 1.088)
$$63,000 1.000 (1.000, 1.000) 1.000 (1.000, 1.000)

Prior amputation

No 1.000 (1.000, 1.000) 1.000 (1.000, 1.000)
Yes 2.623*** (2.565, 2.683) 3.087*** (2.976, 3.203)

Year

2009 1.000 (1.000, 1.000) 1.000 (1.000, 1.000)
2010 1.073*** (1.036, 1.112) 0.915** (0.863, 0.970)
2011 1.205*** (1.164, 1.247) 0.951 (0.898, 1.006)
2012 1.238*** (1.196, 1.282) 0.933* (0.880, 0.990)
2013 1.314*** (1.270, 1.360) 0.983 (0.927, 1.042)
2014 1.398*** (1.351, 1.447) 0.979 (0.924, 1.038)
2015 1.415*** (1.368, 1.464) 0.977 (0.922, 1.036)
2016 1.377*** (1.331, 1.424) 0.978 (0.923, 1.036)
2017 1.625*** (1.574, 1.679) 1.180 (1.118, 1.245)***

Data are OR (95% CI). *P < 0.05; **P < 0.01; ***P < 0.001.
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Given the devastating effects of major
LEAs, the increasing rates of minor LEAs
and the decliningmajor–to–minor amputation
ratios may be considered a positive out-
come for this group and are indicative
of improving care for Native Americans.
It has also been suggested that in com-
parison with physician treatment of
other racial/ethnic groups, physicians
are more likely to pursue amputations
rather than attempt revascularization
within this group (37).
Rurality was also a major driving fac-

tor for major LEAs. This finding is consis-
tent with prior research documenting
rural disparities in diabetes morbidity,
mortality, and complications from the
disease (12,14,16). Higher risk of adverse
outcomes related to diabetes among
rural residents is likely a consequence of
limited access to preventative and spe-
cialty health care due to geographic iso-
lation, chronic provider shortages, high
rates of uninsured persons, and limited
availability of public transportation in rural
areas. Furthermore, rural residents are
more likely to be unemployed, have less
educational attainment, and have lower
median household incomes than their
urban-dwelling counterparts. As a result,
rural residents are more likely to delay or
forgo preventative care services that could
reduce the risk of an LEA or other severe
diabetes complications, including HbA1c
testing, annual comprehensive foot exami-
nations, nutrition education, and diabetes
self-monitoring programs (11,38). Over
the past several decades, telehealth and
other Web-based interventions have
emerged as promising approaches for
improving access to diabetes care, edu-
cation, and management in rural areas.
Further development of easily accessi-
ble comprehensive rural diabetes care
should be a major focus of rural health
policy makers.
Our study also uncovered the rise in

major LEAs in the Midwest. Reasons for
this are unclear, particularly given that
the Midwest states are outside of the dia-
betes belt and have historically had lower
diabetes prevalence rates (39), as well as
declining diabetes mortality rates, com-
pared with the South census region (14).
However, more recent analysis of the NIS
showed that non-core residents of the
Midwest and South census regions were
at higher risk of being hospitalized follow-
ing a diabetes-related emergency room
visit (40). These findings are even more

concerning as a few states in the Midwest
have not expanded Medicaid under the
Affordable Care Act (41), and previous
research has shown that Medicaid-expan-
sion states saw improvements in diabetes
management rates (42).

Limitations
Our study has a few important limita-
tions. First, this is a retrospective obser-
vational study and is subject to the
standard biases of observational studies,
such as confounding and selection bias.
Second, large administrative databases
such as the NIS are susceptible to errors
in the coding of diseases or procedures
and missing data. Additionally, because
the unit of analysis in the NIS is based
on hospital admissions, not unique
patients, we could not account for mul-
tiple hospital admissions of a single
patient during a calendar year. Thus, it
is possible that a single patient could
have been represented more than once
in our study. Fourth, the NIS does not
include information on procedures per-
formed during an outpatient visit. Thus,
our study does not capture the minor
amputations that occur in ambulatory
settings. Finally, we did not exclude
from our analysis discharge records of
individuals who were admitted with a
primary diagnosis of diabetes and
underwent a major or minor LEA but
died during hospitalization, and this
may have affected our calculation of
amputation rates across different race/
ethnicities. Though mortality was out-
side the scope of this study, it remains
an important area for future research.

Conclusion
With use of data from more recent
years, this study contributes to the litera-
ture outlining the rising incidence of
minor LEA among U.S. adults who are
hospitalized for diabetes (6). In addition
to the well-known disparities in LEAs
affecting Blacks, Hispanics, and Native
Americans (8), we draw attention to the
rising minor LEA rates among Asians/
Pacific Islanders and among those who
identify their race as “other.” Geographi-
cally, we also highlight the rising risk of
major LEA along the urban-rural contin-
uum and among patients with diabetes
hospitalized in the Midwest. Given the
important consequences of amputation
for mobility, employment, mental health

status, and other health outcomes, tar-
geted public health interventions and
additional investment emphasizing diabetes
education and management are needed
for these populations. Renewed efforts are
needed to further elucidate the underlying
mechanisms contributing to the recent rise
in and increased risk of diabetes-related
lower-limb amputations in geographically
underserved and minority groups.
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