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ABSTRACT

BACKGROUND: The evolving clinical bur-
den of limb loss secondary to diabetes
and peripheral artery disease remains
poorly characterized. We sought to exam-
ine secular trends in the rate of lower-
extremity amputations related to diabe-
tes, peripheral artery disease or both.

METHODS: We included all individuals
aged 40 years and older who underwent
lower-extremity amputations related to
diabetes or peripheral artery disease in
Ontario, Canada (2005-2016). We identi-
fied patients and amputations through
deterministic linkage of administrative
health databases. Quarterly rates (per
100000 individuals aged > 40 yr) of any

(major or minor) amputation and of
major amputations alone were calcu-
lated. We used time-series analyses with
exponential smoothing models to char-
acterize secular trends and forecast
2 years forward in time.

RESULTS: A total of 20062 patients
underwent any lower-extremity ampu-
tation, of which 12786 (63.7%) under-
went a major (above ankle) amputation.
Diabetes was present in 81.8%, periph-
eral artery disease in 93.8%, and both
diabetes and peripheral artery disease
in 75.6%. The rate of any amputation
initially declined from 9.88 to 8.62 per
100000 between Q2 of 2005 and Q4 of

2010, but increased again by Q1 of 2016
to 10.0 per 100 000 (p = 0.003). We
observed a significant increase in the
rate of any amputation among patients
with diabetes, peripheral artery disease,
and both diabetes and peripheral artery
disease. Major amputations did not sig-
nificantly change among patients with
diabetes, peripheral artery disease or
both.

INTERPRETATION: Lower-extremity
amputations related to diabetes,
peripheral artery disease or both have
increased over the last decade. These
data support renewed efforts to prevent
and decrease the burden of limb loss.

common fear: leg amputation. Frequently synergistic, periph-

eral neuropathy and arterial insufficiency predispose patients
to foot ulceration, tissue death and infection.'? Diabetic foot ulcers
are estimated to occur at a rate of 2%-4% per annum among indi-
viduals with diabetes in developed countries,* and the numbers
are continuing to rise.* About one-third of diabetic foot ulcers fail
to heal® and many patients with nonhealing ulcers progress to
lower-extremity amputation, with 1 diabetes-related lower-
extremity amputation occurring every 30 seconds worldwide.®
When blood flow is sufficiently restricted to produce constant foot
pain or gangrene, patients with peripheral artery disease have a
1-year mortality rate of 22% and a 1-year major amputation rate of

I ndividuals with diabetes or peripheral artery disease share a

22%.° Together, peripheral artery disease and diabetes account for
more than 80% of lower-extremity amputations in Canada.™®
Emerging data show that several diabetes-related complica-
tions, such as acute myocardial infarction, stroke, end-stage
renal disease and hyperglycemia crisis, have declined over the
last 20 years,® likely owing to improvements in pharmacotherapy
and processes of care. Furthermore, hospital admissions for car-
diovascular disease have declined by 54% between 1994 and
2014 in Ontario, Canada.’ However, foot complications of diabe-
tes and peripheral artery disease respond poorly to pharmaco-
therapy, and amputation-prevention efforts remain disjointed.!
It is unclear whether declines have occurred in rates of lower-
extremity amputations related to diabetes and peripheral artery
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disease. Understanding temporal trends in disease burden is
important to justify additional efforts to improve the delivery of
foot care and amputation prevention. Therefore, we sought to
examine secular trends in lower-extremity amputations among
patients with diabetes, peripheral artery disease or both relative
to the overall population.

Methods

Study design and setting

We designed a descriptive population-based repeated cross-
sectional study to examine temporal trends in the rates of lower-
extremity amputations in Ontario, Canada (population 13.4 million
[2016]). All amputation procedures in Ontario are funded under a
single-payer public health system.

Data sources

The databases used in this study are stored at ICES, which is a pre-
scribed entity under the Personal Health Information Protection Act
that houses and allows for usage of patient health information for
research purposes without patient consent. We used administra-
tive health data sets to conduct this study — all of these databases
are linked using a unique patient identifier, and they capture all
health care interactions of Ontario residents in a single-payer
health system. These data sets have been shown to be of high
quality,'* and they are routinely used for population-based epi-
demiologic research. See Supplemental Table 1, Appendix 1, avail-
able at www.cmaj.ca/lookup/suppl/doi:10.1503/cmaj.190134/-/
DC1, for a complete list of the databases used in this study and
Supplemental Figure 1, Appendix 1, for a graphic overview of the
main databases used.

Study population

The study population included all individuals aged 40 years and
older with a history of diabetes (type 1 or type 2), peripheral
artery disease or both who underwent lower-limb amputation
between Apr. 1, 2005, and Mar. 31, 2016. We first identified
patients who underwent any (major or minor) lower-limb ampu-
tation as an inpatient or outpatient using codes from the Cana-
dian Classification of Health Interventions.*> Major amputation
was defined as any amputation at the above-, below- or through-
knee level. Minor amputation was defined as any amputation at
the level of the ankle, foot or toe. We then established 2 key
population-defining variables: diabetes and peripheral artery
disease. Diabetes was defined using a validated coding algorithm
from the Ontario Diabetes Database (positive predictive value
80%, sensitivity 86%, specificity 97%).!* Patients were deemed to
have diabetes if the diagnosis date for diabetes in the Ontario
Diabetes Database preceded the date of amputation (look-back
window to 1991), or if International Classification of Diseases, 10th
Revision (ICD-10) diagnosis codes for diabetes were present on
the index amputation encounter. Peripheral artery disease was
defined using ICD-10 diagnosis codes during a 3-year look-back
window from the index amputation event. Peripheral artery dis-
ease codes have not been validated in our databases; therefore,
to minimize risk of information bias in this regard, we carefully

selected only relevant peripheral artery disease codes (see Sup-
plemental Table 2, Appendix 1, for peripheral artery disease
codes and their descriptions). We excluded patients with missing
sex or unique identifier number, those younger than 40 years,
and those with amputations related to malignancy, trauma or
injury, congenital deformities or other diagnoses not related to
diabetes or peripheral artery disease. See Supplemental Tables
2-4, Appendix 1, for a complete list of all codes used to capture
the population in this study, and their accuracy.

Covariates

We established baseline demographic variables, including
patient age, sex, rural or long-term care residence, immigration
status and neighbourhood income quintile as a crude measure of
socioeconomic status.'* Additional clinical variables were cap-
tured using a 3-year look-back window from the index amputa-
tion event using validated codes (Supplemental Methods and
Supplemental Table 3, Appendix 1).

Primary and secondary analyses

In the primary analysis, we examined the quarterly rates (per
100000 individuals aged > 40 yr) of any amputation among
patients with diabetes, peripheral artery disease or both during
the study period. In the secondary analyses, we examined rates
of any amputation among patients with diagnosed diabetes
(with or without peripheral artery disease), diagnosed peripheral
artery disease (with or without diabetes), and those with both
diabetes and peripheral artery disease. In addition, we examined
rates of only major amputation in the aforementioned groups of
patients. Finally, we examined rates of any amputation and
major amputations by sex, and among populations we hypothe-
sized to be at high risk for lower-limb amputation with poten-
tially different temporal trends, including those on dialysis for
end-stage renal disease, immigrants, those with the lowest
income quintile and long-term care residents.

Statistical analysis

The study period was first divided into 44 quarterly intervals
between Apr. 1, 2005, and Mar. 31, 2016. We then captured the
total number of amputations performed within each quarter dur-
ing the study period. If a patient had multiple amputations
within one quarter, only the first amputation was included in the
calculation of amputation rate for that particular quarter. How-
ever, if a patient had multiple amputations in different quarters,
each amputation was used in the calculation of the amputation
rate during the corresponding quarter. We used this approach
because multiple amputations (e.g., toe followed by below-knee
amputation) in the same quarter likely represent treatment for
the same initial presentation, whereas amputations in different
quarters (e.g., right toe in Q1 of 2009 and left below knee in Q4 of
2013) may represent progression of disease or disease in the con-
tralateral limb. We calculated the rates of amputations per
100000 Ontario individuals aged 40 years and older using popula-
tion data from the Registered Persons Database, which records
demographic and vital statistics data for all individuals in Ontario.
We opted to use the overall population as the denominator
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(rather than only individuals with a diagnosis of diabetes or
peripheral artery disease) because this strategy allows for
changes in the prevalence of diabetes and peripheral artery dis-
ease to influence amputation rates. Furthermore, many patients’
first presentation with diabetes or peripheral artery disease may
be with nonsalvageable ischemia, particularly in rural and
remote communities with the highest rates of amputations;*
therefore, the use of overall population as the denominator
allowed for more accurate rate calculation.

Temporal trends in rates of amputations were examined
using time-series analysis, which is a statistical technique used
for modelling autocorrelation in temporally sequenced data that
is measured repeatedly in equal intervals of time.'> We fit expo-
nential smoothing models (additive and multiplicative Winters
models) to the rates of amputations overall and among the pre-
defined subgroups — these models account for changes in level,
trend and seasonality of temporally sequenced data®'’ (see Sup-
plemental Methods, Appendix 1, for more information). Fore-
casts of amputation rates were carried out to Mar. 31, 2018,
which was 2 years beyond the end of the study period.

All p values are 2-sided, and p values less than 0.05 were con-
sidered statistically significant. All statistical analyses were
conducted using SAS, version 9.4 (SAS Institute).

Ethics approval

The use of data in this project was authorized under section 45 of
Ontario’s Personal Health Information Protection Act, which does
not require review by a research ethics board.

Results

Baseline characteristics

A total of 20062 unique patients with diabetes, peripheral artery
disease or both underwent 27286 lower-limb amputations dur-
ing the study period; 63.7% (12786/20062) of these patients
underwent a major amputation.

The mean age was 68.7 (standard deviation 12.4) years, and
32.4% were women. A total of 81.8% had diabetes, 93.8% had
peripheral artery disease and 75.6% had both. The overall
comorbidity burden was high, as indicated by a Charlson
Comorbidity Index score of 2 or greater in 77.8% of patients.
Hypertension (81.1%), congestive heart failure (33.1%) and
chronic obstructive pulmonary disease (32.5%) were the most
frequent individual comorbidities, and all of these comorbidi-
ties were more prevalent in the major-amputation group. The
frequency of peripheral revascularization within 3 years before
amputation was 17.5% in the any-amputation group and 23.2%
in the major-amputation group. A total of 2.6% of patients in
the any-amputation group had a previous minor amputation,
and 16.3% in the major-amputation group had a previous
minor amputation. See Table 1 for baseline characteristics of
the study population.

Major or minor amputations
The overall rate of any (major or minor) amputation initially
declined from 9.88 to 8.62 per 100000 individuals aged 40 years

and older between Q2 of 2005 and Q4 of 2010, but the rate
increased by Q1 of 2016 to 10.0 per 100 000, and our models pre-
dicted that amputation rates will continue to rise over the next
2 years (p = 0.003). Major or minor amputations related to periph-
eral artery disease followed a similar trend. A consistent
increase, however, was observed in the rate of amputations

Table 1: Baseline characteristics of patients with a

diagnosis of diabetes, peripheral artery disease or both
who underwent lower-extremity amputations

No. (%) of patients*

Any Major
amputation  amputation
Characteristic n=20062 n=12786
Age, yr, mean + SD 68.7+12.4 69.8+12.3
Sex, female 6497 (32.4) 4349 (34.0)
Rural residencet n=20040 n=12769
3775 (18.8) 2215 (17.3)
Neighbourhood income quintilef n=19818 n=12619
1 (lowest) 5529 (27.9) 3621 (28.7)
2 4264 (21.5) 2660 (21.1)
3 3761 (19.0) 2419 (19.2)
4 3414 (17.2) 2148 (17.0)
5 (highest) 2850 (14.4) 1771 (14.0)
Immigrant 878 (4.4) 573 (4.5)
Long-term care residence 1737 (8.7) 1572 (12.3)
Charlson Comorbidity Index score
0 1357 (6.8) 478 (3.7)
1 3096 (15.4) 2079 (16.3)
=2 15609 (77.8) 10229 (80.0)
PAD and diabetes
PAD 18822(93.8) 12374 (96.8)
Diabetes 16 408 (81.8) 9967 (78.0)
PAD and diabetes 15168 (75.6) 9555 (74.7)
Previous peripheral revascularization 3502 (17.5) 2962 (23.2)
Previous minor limb amputation 526 (2.6) 2085 (16.3)
Previous major limb amputation 379(1.9) 326 (2.5)
Comorbid conditions
Coronary artery disease 3893 (19.4) 2882 (22.5)
Cerebrovascular disease 990 (4.9) 713 (5.6)
Congestive heart failure 6648 (33.1) 4797 (37.5)
Hypertension 16271(81.1) 10718(83.8)
COPD 6521 (32.5) 4561 (35.7)
Chronic kidney disease 3305 (16.5) 2536 (19.8)
Dialysis 2393 (11.9) 1867 (14.6)

Note: COPD = chronic obstructive pulmonary disease, PAD = peripheral artery disease,
SD = standard deviation.

*Unless stated otherwise.

tMissing values: rural residence, 22 (0.1%) for any amputation and 17 (0.1%) for major
amputation; neighbourhood income quintile, 244 (1.2%) for any amputation and 167
(1.3%) for major amputation.
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among patients with diabetes, with the rate increasing from 8.07
to 8.59 per 100000 (p = 0.01). A similar, consistent increase in
amputations was observed among patients with both diabetes
and peripheral artery disease. See Figure 1 for rates of any ampu-
tation overall, and stratified by diabetes, peripheral artery dis-
ease, and both diabetes and peripheral artery disease.

Major amputations

The rates of major amputations did not change significantly in
the overall study population (from 5.53 to 5.16 per 100000), and
in the peripheral artery disease population (from 5.41 to 4.92 per
100000). Further, the rates of major amputations in patients with
diabetes (from 4.25 to 4.10 per 100000) and in patients with both
diabetes and peripheral artery disease (from 4.13 to 3.86 per
100000) remained stable during the study period without any
significant decline. See Figure 2 for rates of major amputations.

Subgroup analyses

We examined temporal trends in the rates of any amputation and
major amputation among several predefined subgroups (Supple-
mental Figures 2 and 3, Appendix 1). The rate of any amputation
increased significantly among men (6.89 to 7.03 per 100000; p <
0.001), but did not change significantly among women. Among
the immigrant population with diabetes, peripheral artery dis-

ease or both, there was a numerical but nonsignificant increase
in any amputation (66.7% increase from 0.27 to 0.45 per 100 000).
The amputation rates remained relatively stable among individu-
als in the lowest income quintile, and those residing in long-term
care facilities. We observed a 37.2% increase in the rate of any
amputation (from 1.16 to 1.46 per 100000) among patients with
diabetes, peripheral artery disease or both who were receiving
dialysis — this increase did not reach statistical significance in
our models.

Interpretation

Overall rates of amputations have increased in this population
over the last decade, driven by a rise in minor amputations.
Major amputations have remained stable in patients with dia-
betes and peripheral artery disease. We also observed increas-
ing or stable trends in lower-extremity amputations when we
examined rates by sex, dialysis treatment, immigrant status,
lowest income quintile and long-term care residence. These
data support renewed efforts to prevent and decrease the
burden of limb loss among patients with diabetes or periph-
eral artery disease.

In contrast to our study, other studies examining national and
regional trends in diabetes-related lower-extremity amputations
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Figure 1: Major or minor lower-extremity amputations related to diabetes,

PAD or both in Ontario, Canada. Note: PAD = peripheral artery disease.
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have consistently reported declining rates of amputations over
the last decade.®* However, nearly all of these studies reported
amputation rates per total individuals with a diagnosis of diabe-
tes — this gives the incidence rate of amputations strictly for
individuals diagnosed with diabetes.

In our study, we used the overall population as the denomina-
tor, which allows for changes in the prevalence of diabetes to
influence amputation rates. Therefore, we observed increasing
rates of overall diabetes-related amputations and stable rates of
diabetes-related major amputations in part because of the rising
prevalence of diabetes. This relation was also shown in a study
by Gregg and colleagues, who found a 51% decline in amputa-
tions among US individuals with diabetes between 1990 and
2010.° However, when expressed as a rate for the overall popula-
tion (similar to the current study), the authors found no change
in amputations over the study period. In contrast, the rate of
acute myocardial infarction as a complication of diabetes
declined regardless of whether it was presented as incidence
among patients with diabetes (68% decline) or among the overall
population (32% decline). This suggests that unlike other cardio-
vascular complications of diabetes, which have been declining
despite a rising prevalence of diabetes, lower-extremity amputa-
tions in individuals with diabetes have not declined at a popula-
tion level.

A rising prevalence of diabetes and peripheral artery disease,
and an aging population are some factors that may help explain
this observation. Increased use of sodium-glucose co-transporter
2 (SGLT-2) inhibitors, a newer class of oral antihyperglycemic
agent associated with an elevated risk of amputation, may also
contribute to higher amputation rates in patients with diabetes.*
However, this is unlikely to have a significant effect in the current
study, as 6 patients or fewer aged 66 years or older had filled a
prescription for an SGLT-2 inhibitor within 150 days before the
index amputation in this study population.

Few studies have examined temporal trends of amputations
exclusively related to peripheral artery disease.’**¢ Data from these
studies suggest a decline in major amputations related to periph-
eral artery disease, and an increase in minor amputations related
to peripheral artery disease over the last decade. This could be
explained by advancements in cardiovascular risk-reduction thera-
pies,’” greater uptake of endovascular interventions,* and an
increased focus on limb-preservation strategies that may resultin a
minor amputation to prevent a major one. In addition, individuals
with diabetes tend to have more infrapopliteal or microvascular
disease, which is less amenable to revascularization strategies than
aortoiliac or femoropopliteal disease, which is more common in
patients with peripheral artery disease without diabetes. Therefore,
part of the decline in major amputations related to peripheral
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Figure 2: Major lower-extremity amputations related to diabetes, PAD or both in Ontario, Canada. Note: PAD = peripheral artery disease.
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artery disease may be explained by use of more effective surgical
and endovascular revascularization strategies for more proximal
arterial occlusive disease.

In contrast, individuals with diabetes require a greater focus
on regular foot examinations, foot hygiene, foot care self-
management education, professionally fitted therapeutic foot-
wear, and early recognition and treatment of foot ulcers. Unfor-
tunately, almost 80% of high-risk patients with diabetes do not
receive foot care education, and as many as 60% have never
checked their feet or had their feet examined.®*2° This is probably
because amputation-prevention programs have not been a focus
of contemporary diabetes-management strategies.*

Limitations

The results of this study must be interpreted in light of some limi-
tations. First, as with all population-based studies conducted
using administrative databases, inaccurate coding could bias our
results. However, we used validated coding algorithms where
possible to mitigate this risk.1>!*> Second, we were not able to
stratify our results by diabetes type, nor were we able to capture
the severity of diabetes or peripheral artery disease in our popula-
tion. Furthermore, we could not capture other risk factors for dia-
betic foot disease and amputations, such as peripheral neuropa-
thy and foot infection. Third, our findings were limited to the
province of Ontario, which has a single-payer universal health
care system. These results therefore may not be generalizable to
other settings with different health systems. Finally, since we con-
sidered diabetes and peripheral artery disease jointly in this
study, we were not able to determine whether the changes in
amputation rates were due to factors specific to diabetes or
peripheral artery disease. However, it is important to note that
there is considerable overlap between diabetes and peripheral
artery disease (75% of patients with amputations had both diag-
noses in this study — a finding that has been replicated in other
studies as well*), and similar multidisciplinary care structures are
necessary to prevent amputation related to both diabetes and
peripheral artery disease.

Conclusion

Although some diabetes-related complications are declining, the
rate of lower-extremity amputations related to diabetes, periph-
eral artery disease or both is increasing. This finding shows a
need for further research on establishing novel, structured multi-
disciplinary programs that focus on identifying and treating indi-
viduals with diabetes, peripheral artery disease or both, who are
at high risk for developing foot complications, to decrease the
clinical, psychological, social and economical burden of lower-
limb amputations.
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