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Abstract

OBJECTIVE—Diabetes is a leading cause of nontraumatic lower-extremity amputation (NLEA)
in the U.S. After a period of decline, some national U.S. data have shown that diabetes-related
NLEAs have recently increased, particularly among young and middle-aged adults. However, the
trend for older adults is less clear.

RESEARCH DESIGN AND METHODS—To examine NLEA trends among older adults with
diabetes (=67 years), we used 100% Medicare claims for beneficiaries enrolled in Parts A and

B, also known as fee for service (FFS). NLEA was defined as the highest-level amputation per
patient per calendar year. Annual NLEA rates were estimated from 2000 to 2017 and stratified
by age-group, sex, race/ethnicity, NLEA level (toe, foot, below-the-knee amputation [BKA], or
above-the-knee amputation [AKA]), and state. All rates were age and sex standardized to the
2000 Medicare population. Trends over time were assessed using Joinpoint regression and annual
percent change (APC) reported.
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RESULTS—NLEA rates (per 1,000 people with diabetes) decreased by half from 8.5 in 2000
to 4.4 in 2009 (APC - 27.9, P<0.001). However, from 2009 onward, NLEA rates increased

to 4.8 (APC 1.2, £<0.01). Trends were similar across most age, sex, and race/ethnic groups,
but absolute rates were highest in the oldest age-groups, Blacks, and men. By NLEA type,
overall increases were driven by increases in rates of toe and foot NLEAs, while BKA and AKA
continued to decline. The majority of U.S. states showed recent increases in NLEA, similar to
national estimates.

CONCLUSIONS—This study of the U.S. Medicare FFS population shows that recent increases
in diabetes-related NLEAS are also occurring in older populations but at a less severe rate than
among younger adults (<65 years) in the general population. Preventive foot care has been shown
to reduce rates of NLEA among adults with diabetes, and the findings of the study suggest that
those with diabetes—across the age spectrum—could benefit from increased attention to this
strategy.

Diabetes is a leading cause of nontraumatic lower-extremity amputation (NLEA) (1,2).
NLEA rates are influenced by multiple aspects of comprehensive diabetes care, including
glycemic management, cardiovascular risk factor management, early detection of diabetes-
related complications, and diabetes self-care management (3,4). Therefore, examining
NLEA rates in and across populations may indicate the success, or lack thereof, of clinical
and public health efforts to prevent diabetes-related complications (3,4).

National U.S. surveillance on the basis of the National Inpatient Sample (NIS), the largest
publicly available all-payer inpatient health care database in the U.S., showed that rates of
NLEA declined by about half between 1990 and 2010(5), representing a major success in
ongoing efforts to prevent complications in people with diabetes. However, more recently,
NIS data have revealed a leveling off and, in some cases, an increase in NLEA, with the
most concerning increases observed in young and middle-aged adults among whom both
minor and major amputations have increased (6). The direction of NLEA in the older NIS
population is less clear because among adults aged 65-74 years, only minor amputations
increased, while among those age =75 years, rates of major amputations have continued to
decline (6). We are not aware of other population-based data systems reporting such shifts in
the rates of NLEA, raising the question of whether recent findings are specific to the NIS or
to younger populations.

In this study, we used Medicare claims data to ascertain trends in NLEA rates between
2000 and 2017 among older U.S. adults with diabetes. Examining trends in NLEA rates
across multiple populations and in multiple data sources is imperative to our collective
understanding of diabetes care in the U.S. and will help to shape our strategic direction for
prevention and treatment in the future.

RESEARCH DESIGN AND METHODS
Study Population

Medicare, a federally funded health insurance program, is available for U.S. adults aged
>65 years, younger people with disabilities, and people with end-stage renal disease (7).
Medicare has two parts: Part A (hospital insurance) and Part B (Medicare insurance). You
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are eligible for premium-free Part A if you are aged =65 years and you or a spouse, parent,
or child worked and paid Medicare taxes for at least 10 years (7). Part B is a voluntary
program that requires the payment of a monthly premium for all months of coverage. Claims
data are available for those who are enrolled in Medicare Part A and Part B, also known

as fee for service (FFS). Claims data are available for 100% of all Medicare FFS members.
In this study, we used beneficiary enrollment and claims files, including inpatient, skilled
nursing facility (SNF), hospital outpatient, and professional services (carrier) data from the
Chronic Conditions Data Warehouse of the Centers for Medicare & Medicaid Services. The
beneficiary enrollment files contain sociodemographic and monthly enrollment information;
claims files include diagnosis and procedure codes, service beginning date, and service
ending date. Medicare claims data include inpatient hospital care, hospital outpatient
services, emergency department care, SNF care, professional services, and other outpatient
care, services, and supplies (8). For each index year (2000-2017), we used a 24-month
reference window made up of the index year and the previous year. To be included in the
study, beneficiaries had to be enrolled in Medicare Parts A and B for all 24 months of the
reference window. Because of the requirement of 24 months of continuous enrollment, only
beneficiaries aged =67 years at the end of the index year were included. The population
with diabetes was defined as having either a single inpatient or an SNF claim or at least two
outpatient claims (either hospital outpatient or carrier) that were made at least 1 day apart
during the 2-year reference period. ICD-9, Clinical Modification (CM), diagnosis codes
250.x were used from January 1999 through September 2015, and ICD-10-CM diagnosis
codes E10-E11 were used from October 2015 onward. Diagnosis codes E10 and E11 were
chosen to ensure consistency with diagnosis code 250.x over time.

NLEA Hospitalizations

NLEA cases were identified from inpatient, hospital outpatient, and carrier files using
ICD-9-CM procedure codes from January 2000 through September 2015, ICD-10-CM
from October 2015 through December 2017, and Current Procedural Terminology codes,
excluding diagnosis codes for traumatic amputation (Supplementary Table 1). To prevent
overestimation of NLEA rates as a result of planned multistep procedures that may occur
across weeks or months, as well as recurrent NLEAs that may simply reflect a failure

of healing of the initial NLEA, we included only the highest-level NLEA per patient

per calendar year. NLEA levels were categorized as toe, foot, below-the-knee amputation
(BKA), or above-the-knee amputation (AKA) (Supplementary Table 1).

Comorbidities

Comorbidities were identified by indicators constructed by the Chronic Conditions Data
Warehouse from primary and secondary diagnosis codes in inpatient, hospital outpatient,
SNF, home health, and carrier data using coding algorithms (9). Less than 0.02% of data
were missing for comorbidities across all years.

Statistical Analysis

Demographic and comorbid conditions among the overall and NLEA diabetic population
are reported as proportions. We calculated annual NLEA rates (2000-2017) as the number
of Medicare FFS beneficiaries with the highest-level amputation in the index year divided
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by all Medicare FFS beneficiaries with and without diabetes. Rates were age and sex
standardized to the 2000 Medicare population using the direct method and stratified by age-
group (67-69, 70-74, 75-79, 80-84, =85 years), sex, race/ethnicity (non-Hispanic White,
non-Hispanic Black, Hispanic, Asian/Pacific Islander [API], other), NLEA level (toe, foot,
BKA, AKA), and state. All rates were estimated using SAS 9.4 statistical software. We used
Joinpoint Trend Analysis Software version 4.5.0.1 to analyze trends in annual NLEA rates
as well as trends in comorbidities. This software uses permutation tests to identify points
where linear trends change significantly in either direction or magnitude and calculates an
annual percent change (APC) for each time period identified (10). A maximum of two join
points was specified for all analyses. £, < 0.05 was established as statistically significant.

This study includes all U.S. Medicare beneficiaries fully enrolled for a 24-month period, and
the margin of error is, <0.02%. For this reason, sample statistics, such as 95%Cls, are not
reported for anyanalyses.

RESULTS

The number of Medicare FFS beneficiaries with diabetes increased from 4.63 million to
6.87 million between 2000 and 2017 (Table 1 and Supplementary Table 2). Among this
population, the proportion of men and adults aged =85 years increased between 2000

and 2017, as did the proportion of people classified with comorbidities of liver disease,
peripheral vascular disease, chronic kidney disease, chronic obstructive pulmonary disease,
hypertension, cancer, obesity, depression, and hyperlipidemia (Table 1). In contrast, the
proportion of Medicare FFS beneficiaries with acute myocardial infarction, stroke, and
ischemic heart disease decreased during the same period. Among Medicare beneficiaries
with diabetes who also had an NLEA, results were similar to those with diabetes (overall),
with some exceptions: The proportion of older adults aged =85 years who had both diabetes
and an NLEA declined over time, while the proportion among younger age-groups (67-69
and 70-74 years) increased; the proportion with acute myocardial infarction increased;

and the proportion of toe and foot NLEAS increased, while BKA and AKA declined
(Supplementary Table 3).

NLEA rates (per 1,000 people with diabetes) decreased by half from 8.5 in 2000 to 4.4

in 2009 (APC -7.9, £< 0.001). However, from 2009 onward, NLEA rates increased,
reaching 4.8 in 2017 (APC 1.2, P< 0.01). Trends were generally similar across most sex,
age, and race/ethnic groups, with initial declines followed by an increase or stagnation in
NLEA rates (Fig. 1A—C and Supplementary Table 4). Rates were consistently higher in
the oldest age-groups, Blacks, and men, while the greatest relative increases in APC were
observed among the younger age-groups, men, and White or Hispanic adults. By NLEA
type, overall increases were driven by increases in rates of toe and foot NLEAs, while
rates of BKA and AKA continued to decline over time (Fig. 1D and Supplementary Table
4). As a comparison, trends were similar among Medicare beneficiaries without diabetes,
although absolute NLEA rates as well as relative APC increases in later time periods were
substantially higher among people with versus without diabetes (Supplementary Table 5)
(counts, Supplementary Table 6).
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All U.S. states showed significant declines in NLEA rates among Medicare FFS
beneficiaries with diabetes between 2000 and ~2009/2010, with some variation in the
magnitude of APC decline (Fig. 2). Between ~2009/2010 and 2017, 27 (54%) states had
significant increases in NLEA rates, 16 showed nonsignificant increases in NLEA rates
(32%), 5 showed a nonsignificant decline in NLEA rates (10%), and 2 (4%) (Alabama and
Muississippi) demonstrated significant declines in NLEA rates.

CONCLUSIONS

In this study, we show that among U.S. Medicare FFS beneficiaries with diabetes aged =67
years, rates of NLEA increased slightly between 2009 and 2017 after a period of rapid
decline. Rates were highest in men, the oldest age-groups, and Blacks, while the greatest
relative increases in NLEA rates were seen among men, the younger age-groups, and White
or Hispanic adults. Recent increases in NLEA rates are occurring across most U.S. states
and appear to be driven by increases in rates of toe and foot NLEAs, while rates of BKA and
AKA continue to decline.

These results are largely consistent with other national U.S. data. For example, using data
from the NIS and the National Health Interview Survey, Geiss et al. (6) recently reported
increases in diabetes-related NLEAs among young and middle-aged adults, driven largely
by minor amputations. These increases are of greater magnitude than those reported in

the current study. For example, in those aged 18-44 and 45-64 years, the APC in NLEA
rates between 2010 and 2015 were 9.0 and 6.1, respectively, compared with 1.2 in this
population of Medicare beneficiaries aged =67 years. In this same study, Geiss et al. showed
no significant increase among older adults, although the magnitude of NLEA rates over time
was similar to those reported in this study.

Using data from the U.S. Renal Data System (USRDS), Harding et al. (11) also reported a
recent stall in progress of NLEA among a high-risk population of people with both diabetes
and end-stage renal disease. Overall, between 2013 and 2015, no change in NLEA rates
was observed where declines had previously been noted. Among those aged 65-74 and =75
years, relative APC increases of 2.2 and 1.4, respectively, were observed between 2013 and
2015, although these did not reach statistical significance (11). The lack of significance
among older adults in both the NIS and the USRDS studies may be attributed to fewer years
of follow-up compared with the current study.

Outside of the U.S., only a few studies have reported recent trends in diabetes-related
NLEAs. In the U.K., an analysis from Diabetes UK reported a 19.4% increase in diabetes-
related NLEASs in England between 2010-2013 and 2014-2017 (12). In Belgium, a
nationwide study reported continued declines in both minor and major amputations between
2009 and 2013 (13). Finally, in Germany, continued declines have been observed for both
minor and major NLEAs, although this analysis was limited to between 2008 and 2012 (14).
None of these studies explored trends in NLEA rates by age-group.

In the current study, there was some variation in diabetes-related NLEA trends by
state. Overall, all states reported significant declines in NLEA rates between 2000 and
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~2009/2010, ranging from an APC of —2.3 to an APC of -10.6, with APCs typically

higher for those states with higher absolute NLEA rates at baseline (year 2000). These
declines were likely due to nationwide advances in acute clinical care, improvements in

the performance of the health care system as well as improvements in key risk factors,

and advances in more intensive medical procedures, such as revascularization and wound
treatment (15-18). However, in more recent years, we show that most U.S. states have seen
an increase in NLEA rates. The greatest increases were observed in South Dakota, North
Dakota, Maine, Oregon, Idaho, Utah, and Oklahoma, while significant declines were noted
for Alabama and Mississippi possibly because of their relatively high baseline NLEA rates.
Geographical variation with respect to absolute rates of NLEAs per state has been described
in previous studies (19). In this study, we aimed to explore geographic variation with respect
to trends in NLEA rates. To that end, our findings suggest that increases in NLEA rates are
a nationwide phenomenon, although the magnitude of increase varies considerably between
states.

Contributing to this variation are important differences in NLEA rates identified among
subgroups of the population. For example, NLEA rates were highest in men, the oldest
age-groups, and Blacks, while the greatest relative increases in NLEA rates were seen
among men, the younger age-groups, and White or Hispanic adults. Higher absolute rates
in men (vs. women), older (vs. younger) age-groups, and Blacks (vs. Whites) are well
known (20,21), with commonly cited reasons being differences in routine preventive care,
medication adherence, and health system and social factors (22,23). However, greater
relative increases in younger (vs. older) adults and in Whites (vs. Blacks) is perhaps
unexpected. These findings are consistent with data from the NIS and USRDS, although
reasons for the disparity remain elusive. One possible explanation for greater NLEA
increases in younger adults is poorer risk factors, including those related to obesity,
smoking, HbA, blood pressure, and lipid level control, that have been observed in more
recent years (15,24). Large-scale studies with granular data to tease out key risk factors
could help to identify the drivers of NLEA increases and the variation of those increases
across the U.S., which could help to inform clinical practices and policy options.

Reasons for the observed increase in diabetes-related NLEA rates among older Medicare
beneficiaries in the U.S. are unclear, although several hypotheses exist. First, an increase in
hospitalization rates of minor NLEAs may suggest changes in clinical practice that favor
earlier minor NLEAs to prevent major NLEAs in the future. This hypothesis is supported
in our study by continued declines in BKA and AKA, while rates of toe and foot NLEAs
increased. Second, as indicated by our analysis of comorbidities, people with diabetes,
generally, present with more comorbidities today compared with previous years, which
may lead to an increased risk for complications such as NLEA (25). Third, we speculate
that it is possible that stagnating NLEA rates are due to shortcomings in early prevention
practices (i.e., physician and patient self-management education, use of appropriate foot
wear, identification of high-risk feet [26,27]), leading to an increase in the prevalence of
foot problems (ulcers and infection). Fourth, the profile of people with diagnosed diabetes
may be changing. For example, decreasing mortality among those with diabetes, combined
with decreasing incidence of newly diagnosed diabetes, is increasing the average duration
of diabetes in the population, and this shift may be affecting the risk of complications
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(28). Changes in diabetes screening and diagnostic criteria throughout the study period may
also have contributed to a different pool of people with diagnosed diabetes with different
susceptibility to complications (29). Finally, the increasing cost of insulin and other diabetes
medications could be causing patients to cut back on treatment to minimize costs (30), thus
exposing them to an increased risk for complications such as NLEA (31).

The results of this study have some implications for public health and health care practice.
The increasing number of people living with diabetes is likely to also increase the number
of people with NLEA, with implications at the individual, health care, and economic level.
Improved awareness by health care providers, in particular awareness of early prevention
practices such as diabetes self-management education and support, appropriate use of
footwear, and identification of high-risk feet, might help to reduce NLEA occurrence

(32). Better assessment of comorbidities, in particular liver, renal, and chronic pulmonary
comorbidities, might also improve the effectiveness of treatment of underlying conditions
and prevent or mitigate NLEASs (33). Given that older adults with diabetes are likely in
frequent contact with the health care system for ongoing treatment and management of their
diabetes and complications, there are numerous opportunities to reduce the rates of NLEA
with preventive foot care and early detection of foot problems (26,34).

This is a large study of Medicare FFS beneficiaries with diabetes between 2000 and 2017.
The key strengths of this study are our ability to explore relatively infrequent events such

as NLEAs and to calculate rates among smaller subgroups. There are, however, some
limitations that should be discussed. First, our population may not be representative of all
Medicare beneficiaries because we did not include Medicare Advantage enrollees or people
who were not fully enrolled in each 24-month reference window. Second, the prevalence

of diabetes identified from claims data is consistently higher than that obtained from self-
reports, which may indicate misclassification of diabetes status (35). Third, diabetes and
NLEAs were defined using ICD-9-CM between January 2000 and September 2015 and
ICD-10-CM from October 2015 onward. A shift to ICD-10-CM in 2015 may have affected
our observed rates. However, observed changes in trends occurred before this period, and
therefore, the coding shift likely did not have a significant influence on the overall patterns
observed in this study. Furthermore, our definition of diabetes does not include ICD codes of
249/E08/E09 (secondary diabetes mellitus) or E13 (other specified diabetes mellitus). This
was done to ensure that our population included only those with primary diabetes (type 1 or
type 2) and to ensure consistency between ICD-9-CM and ICD-10-CM coding systems over
time. However, this may have resulted in some misclassification of the diabetes population.
Further analyses indicate that including additional diabetes-related codes as indicated above
would reclassify <1% of the population as diabetes. This level of misclassification is
unlikely to have a significant impact on the findings of this study. Finally, we do not have
information on diabetes duration or several other confounding variables, such as education,
that may help with understanding the increase in NLEAS overtime.

In conclusion, this study of the U.S. Medicare FFS population shows that recent increases in
diabetes-related NLEAs are occurring in the older population but at a less severe rate than
previously shown among younger adults. Increased attention to preventive foot care across
the age spectrum could benefit adults with diabetes.
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Trends in age- and sex-standardized NLEA rates among U.S. Medicare FFS beneficiaries
with diabetes between 2000 and 2017 by sex (A), age-group (B), race/ethnicity (C), and

NLEA level (D).

Figure 1—.
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NLEA rates (per 1,000 people with diabetes) Trend 1 Trend 2

State 2006 2007 2008 2009 2010 2011
National
Louisiana
Mississippi
South Carolina
North Carolina .
Georgia 10.9 5 . 5 E g . 8 . 3 8 4 . 9 2009-2017
Texas F X A % X . X .. h b . b N X 2009-2017
Alabama 10 . . . . X . . . . 5 . . .. % X 2009-2017
Arkansas 9.7
Rhode Island 9.5 .. # X 3 . 3 8 X . 3 . B & £ X . . 2006-2017
Pennsylvania 93 .. 5 5 . - L b . . 5 3 b i £ . 2005-2017
Tennessee 9.3 X g ‘ . . e . X . . e . 1 . 8 2010-2017
Wisconsin 9.2 . g X . X A . 5 5 B B X i . 2008-2017
Virginia 9.1 .. . . s .. 7 5 X i . o . . 5 : 2011-2017
Maryland 9 . 5 : 2 . . : % X ¢ . X . X : X 20112017
Massachusetts 8.6 4 - i . X . ; . L . i i . 5 2009-2017
Connecticut 83 4 % X . g . . .. X . ; s .| A 2009-2017
Illinois 83 .. £ 4 A 5 . X . .. . . . § . i . 2010-2017
Missouri 82 .. i . X .. . . X i 5 . .. 5 ; .. % b 2011-2017
©Ohio 8.2 5 o X £ X & % .. .. g .. 3 5 . z . 2008-2017
Oklahoma 82 ! : 7 X .. 8 . . .. i . X . .| 8 " 2011-2017
‘Washington 8 2008-2017
New Jersey 8 5 .. .. ! 5 . b . . . L 4 I 2010-2017
West Virginia 74 X 4 i . . 3 .. b . A 5 . X ! X . 3 2010-2017
Kentucky 79 1 % 3 . A - X . . . . X . H 2010-2017
Indiana 77 i 2 5 . 5 . 3 X .. . .. X 3 . B . 2010-2017
Minnesota 76 % % i 3 .. 8 i 3 4 y i . / X ' X 3 2007-2017
New York 7.6 A . i ! 5 . . 5 W . 4 b . H . i 2010-2017
Delaware 76 i X X X X ; .. i i b .. . ' . i . 2010-2017
Colorado 76 5 . i 5 . .. X X ) X X X i i X 2007-2017
California 73 .4 . ’ . . . b . .. X b . i B . b 2010-2017
Arizona 7.2 5 . ! X £ . .. i .| B b - . .| K 2008-2017
Montana 72 g 5 . . .. . . . X X i . . i X . X 2012-2017
Vermont 6.9 E g 5 X . . 7 . . . . i . i 2007-2017
New Hampshire | ) . i .. A i 4 . 5 . v | b i h .| v .| 2010-2017
Florida 6.9 . X ¥ X . . i E i b . . . . : 2009-2017
New Mexico 6.8 . X . . 4 .. . .. . .. i . b 7 7 2008-2017
South Dakota 6.8 3 . . . X . . . . . i . : 5 g X ! 2013-2017
Nebraska 6.8 . . E .. E 1 3 X i . X . B . .| 2013-2017
Hawaii 6.7 .. ’ R f 4 i . b . H . 4 i h b i b . 2013-2017
Maine 6.7 . 5 . X ¥ X . o . i ¥ ¥ . X X 2009-2017
Oregon 6.6 i X X X . X h X X . % . 3 5.5 2010-2017
Kansas 6.6 i . E .. . X .. . X i £ b g 5 " X 1 2009-2017
lowa 6.5 g . . . : ! . . . . . . 3 g 2012-2017
Idaho . i . . E . b . b § 2010-2017
North Dakota 6.4 . . . . 5 .. g . X 5 X h .4 2009-2017
Michigan 63 X . . E . e b : . g 2008-2017
Alaska 6.2 . d . .. i i . . 5 3 . .. . 5 2013-2017
Wyoming 6 T i« 3 i . ; : i : i X . ;i . . 2012-2017
Utah 5.2 . . H . g X 2010-2017
Nevada 5.5 5.8 54 5 7 . g .. . X . . h i o A 2007-2017
Abbreviations: APC: annual percent change; NLEA: y

Legend

Heat Map of NLEA Rates

*Min and max values based on 2000 estimates
Direction of NLEA Trends
Cbwimepass  Narsatancedns poss | Nordiant s 005 AESESI

Figure 2—.
Heat map of trends in age- and sex-standardized NLEA rates among U.S. Medicare FFS
beneficiaries with diabetes between 2000 and 2017 by state.
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