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Peripheral arterial disease is an important vascular com-
plication of diabetes. More than 1 in 5  people with 
symptomatic peripheral arterial disease have diabetes.1 

The most common symptom of peripheral arterial disease is 
intermittent claudication, but over half of patients have 
other, atypical symptoms, with reduced activity and impaired 
quality of life.2 Peripheral arterial disease can progress to 
critical limb ischemia, which is characterized by rest pain, 
tissue loss or gangrene. In addition, distal sensory polyneu-
ropathy, as a microvascular complication of diabetes, can 
augment the risk of lower extremity injury and infection. As 
a result, peripheral arterial disease can lead to lower-
extremity amputation, which is one of the most feared com-
plications of diabetes and affects quality of life substan-
tially.3,4 More than 80% of lower-extremity amputation 
procedures in Canada occur in patients with diabetes.5 As a 
marker for generalized atherosclerosis, peripheral arterial 

disease also portends other cardiovascular disease, such as 
myocardial infarction or stroke.

First Nations people in Ontario have a high and growing 
prevalence of diabetes that exceeds that of other people in the 
province.6 Previous research has also suggested that First 
Nations people have a disproportionate burden of peripheral 
arterial disease.7 For example, a physical examination screen-
ing study in a northern Manitoba First Nations community 
showed a prevalence of impaired pulse of 41% and a prevalence 
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Background: Peripheral arterial disease is an important vascular complication of diabetes that may lead to lower-extremity amputa-
tion. We aimed to compare the treatment and complications of peripheral arterial disease between First Nations people and other 
people in Ontario with diabetes.

Methods: Using health care administrative databases, we identified annual cohorts, from 1995/96 to 2014/15, of all people aged 
20–105 years in Ontario with a diagnosis of diabetes. We used the Indian Register to identify those who were First Nations people 
and compared them to all other people in Ontario. We identified revascularization procedures (angioplasty or bypass surgery) and 
lower-extremity amputation procedures in the 2 populations and determined the mortality rate among those who had had lower-
extremity amputation.

Results: First Nations people received revascularization procedures at a rate comparable to that for other people in Ontario. How-
ever, they had lower-extremity amputation procedures at 3–5 times the frequency for other Ontario residents. First Nations people 
had higher mortality than other people in Ontario after lower-extremity amputation (adjusted hazard ratio 1.15, 95% confidence 
interval 1.05–1.26), with median survival of 3.5 years versus 4.1 years.

Interpretation: First Nations people in Ontario had a markedly increased risk for lower-extremity amputation compared to other peo-
ple in Ontario, and their mortality rate after amputation was 15% higher. Future research is needed to understand what barriers First 
Nations people face to receive adequate peripheral arterial disease care and what interventions are necessary to achieve equitable 
outcomes of peripheral arterial disease for First Nations people in Ontario.
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of foot ulcer history of 15%.8 The objective of the present 
study was to compare the treatment and complications of 
peripheral arterial disease between First Nations people and 
other people in Ontario with diabetes.

Methods

Setting and population
In Ontario, ICES maintains comprehensive linked adminis-
trative data sets related to the province’s single-payer publicly 
funded health care system. The general approach to cohort 
creation, description of the major data sets used and a descrip-
tion of the characteristics of the study cohorts are described in 
detail elsewhere.9 In brief, we examined annual cohorts of all 
people aged 20–105 years with diagnosed diabetes in Ontario. 
We identified First Nations people using the Indian Register, 
which includes information for all people registered as Status 
First Nations people under the Indian Act. All other residents 
were classified as “other people in Ontario.”

Outcome measures and analyses
Using the Canadian Institute for Health Information Dis-
charge Abstract Database, which captures administrative, clin-
ical and demographic information on hospital discharges in 
Ontario, we determined the proportion of patients in each 
annual cohort between 2002/03 and 2014/15 who had a revas-
cularization procedure (angioplasty or bypass surgery) to treat 
peripheral arterial disease in that fiscal year. We then deter-
mined the proportion of patients who had a lower-extremity 
amputation in each annual cohort between 1995/96 and 
2014/15. (Amputation procedures could more readily be 
ascertained in the database before 2002 than revascularization 
procedures, so we used a longer period for this outcome.) 
Procedures were classified as minor (toe or foot) or major (at 
the ankle, below the knee or above the knee). We excluded 
any procedures where the diagnosis recorded during the same 
hospital stay was for malignant or benign lower-extremity 
tumours, trauma, frostbite or burns. Event rates were age- 
and sex-standardized to the overall 2001 Ontario population, 
and γ-distributed confidence intervals were calculated. We 
also examined age-adjusted rates for men and women sepa-
rately, sex-adjusted rates by age, and age- and sex-adjusted 
rates by location, in 2014/15 only. We defined location by the 
Rurality Index of Ontario score for each person’s community 
of residence, as defined from their home address postal code, 
and classified it as urban, semiurban or rural based on com-
munity characteristics.10 Communities that did not have a 
Rurality Index of Ontario score were classified as remote.

We then analyzed the data for all people who had major 
lower-extremity amputation procedures between 2002/03 
and 2014/15, and followed them forward until March 2018 
for the outcome of all-cause mortality. For people who had 
more than 1 lower-extremity amputation procedure during 
this period, we counted the first procedure. We compared 
First Nations people to other people in Ontario using a Cox 
proportional hazards model, adjusting for age and sex, with 
censoring on loss of Ontario health care coverage. The 

adjusted survival curve was plotted. Analyses were conducted 
with SAS Enterprise Guide version 7.1 (SAS Institute).

Ethics approval
The project was approved by the Chiefs of Ontario Data 
Governance Committee. The study also received research 
ethics review from Queen’s University and Laurentian 
University.

Results

The demographic characteristics of the population under 
study are described elsewhere.6 Table 1 shows the character-
istics of the annual cohorts from 2002/03 and 2014/15. 
Compared to other people in Ontario with diabetes, the 
cohort of First Nations people with diabetes had a greater 
proportion of women, were younger and were more likely to 
live in rural areas.

The age- and sex-adjusted rates of revascularization proce-
dures and lower-extremity amputation for First Nations peo-
ple and other people in Ontario over time are shown in Fig-
ure 1. In both populations and across time, about half of all 
lower-extremity amputation procedures were minor, and half 
were major.12 Figure 2 shows the lower-extremity amputation 
rates by age, sex and location for 2014/15 only. First Nations 
people had a markedly higher rate of amputation than other 
people in Ontario across all age, sex and location strata. The 
rates were higher for men than for women among both First 
Nations people and other people in Ontario. The rates 
increased with increasing age and increasing rurality in both 
populations. Those living in remote communities were at par-
ticularly increased risk.

Figure 3 shows survival for the 12 847 people who had a 
major lower-extremity amputation between 2002/03 and 
2014/15. The risk of death after lower-extremity amputation 
was very high, with a median survival of 3.5 years among First 
Nations people and 4.1 years among other people in Ontario. 
The age- and sex-adjusted hazard ratio for mortality among 
First Nations people was 1.15 (95% confidence interval 1.05–
1.26) compared to other Ontarians.

Interpretation

First Nations people with diabetes underwent revasculariza-
tion procedures to treat peripheral arterial disease at rates 
comparable to those for other people in Ontario. However, 
their rate of lower-extremity amputation was 3–5 times higher 
than that for other people in Ontario. Since revascularization 
occurs earlier in the course of disease than amputation, these 
discordant findings suggest that peripheral arterial disease 
may be underdiagnosed or undertreated among First Nations 
people with diabetes, so many patients may not come to medi-
cal attention until irreversible complications have already 
occurred, necessitating amputation. Lower-extremity amputa-
tion rates were higher for men than for women among both 
First Nations people and other people in Ontario. Regarding 
age, the greatest disparity in rates between the 2 populations 
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was in the youngest age group (≤ 44 yr), with lower-extremity 
amputation occurring more than 6 times as frequently in First 
Nations people than in people in Ontario. This increased risk 
attenuated by age 65 years or more but was still nearly four-
fold. Among both First Nations people and other people in 
Ontario, the risk of lower-extremity amputation increased 
with increasing rurality. Lower-extremity amputation was 
strongly predictive of death, with a median survival of only 
3.5  years after amputation among First Nations people, 
0.6 years less than among other people in Ontario.

This high burden of lower-extremity amputation may have 
been driven in part by the high prevalence of many of the risk 
factors for peripheral arterial disease, including smoking and 
hypertension.12 Yet the magnitude of incremental risk for 
other macrovascular complications of diabetes, including coro-
nary artery disease and stroke,12,13 faced by First Nations peo-
ple is not nearly as dramatic as it is for lower-extremity ampu-
tation. Therefore, there are likely other factors contributing to 
this risk. For example, First Nations people may face barriers 
to screening for milder degrees of peripheral arterial disease, 
which results in missed opportunities for early intervention 
and presentation with more advanced disease. A previous study 
showed that the lower-extremity amputation rates for First 

Nations people in Manitoba varied by specialist consultation 
rate and by tribal council, which suggests that health care 
access may be an important factor.14 In addition, First Nations 
people may have an increased risk for distal polyneuropathy as 
a microvascular complication of diabetes, which would 
increase the risk of foot ulcers that could eventually necessitate 
lower-extremity amputation. However, this was not an out-
come that could be ascertained with our data. Living in remote 
communities was a risk factor for lower-extremity amputation 
for both First Nations people and other people in Ontario. 
This disparity is likely driven in part by poor access to health 
care, particularly specialized services for wound care and reha-
bilitation, in these areas. Since more than a third of First 
Nations people live in remote communities (Table 1), these 
health care barriers will particularly affect them.

Our results corroborate previous research from Alberta, 
which showed an approximately threefold increased risk of 
lower-extremity amputation for First Nations people compared 
to non–First-Nations people.15 Previous research has shown 
that lower socioeconomic status is an important independent 
predictor of lower-extremity amputation in people with diabe-
tes in Ontario,16 and First Nations people have marked dispari-
ties in socioeconomic measures.17,18 However, a Manitoba study 

Table 1: Demographic characteristics of First Nations people and other people in Ontario with 
diabetes, 2002/03 and 2014/15

Characteristic

2002/03; no. (%) of people 2014/15; no. (%) of people

First Nations 
people

n = 13 573

Other people in 
Ontario

n = 680 880

First Nations 
people

n = 23 011

Other people in 
Ontario

n = 1 364 136

Sex

    Male 6074 (44.8) 354 541 (52.1) 10 687 (46.4) 709 016 (52.0)

    Female 7499 (55.2) 326 339 (47.9) 12 324 (53.6) 655 120 (48.0)

Age, yr

    ≤ 19 175 (1.3) 7517 (1.1) 289 (1.3) 11 558 (0.8)

    20–34 1396 (10.3) 29 581 (4.3) 1615 (7.0) 42 553 (3.1)

    35–49 4222 (31.1) 118 063 (17.3) 5654 (24.6) 190 112 (13.9)

    50–64 5056 (37.2) 225 880 (33.2) 9238 (40.1) 472 026 (34.6)

    65–74 1908 (14.1) 164 265 (24.1) 4108 (17.8) 337 358 (24.7)

    75–105 816 (6.0) 135 574 (19.9) 2107 (9.2) 310 529 (22.8)

Location

    Urban 3228 (23.8) 480 927 (70.6) 6277 (27.3) 989 684 (72.6)

    Semiurban 2780 (20.5) 134 164 (19.7) 4587 (19.9) 262 062 (19.2)

    Rural 2526 (18.6) 59 893 (8.8) 3865 (16.8) 103 246 (7.6)

    Remote/missing 5039 (37.1) 5896 (0.9) 8282 (36.0) 9144 (0.7)

Comorbidity*

    Low 3122 (23.0) 119 756 (17.6) 5075 (22.1) 256 192 (18.8)

    Medium 5526 (40.7) 295 761 (43.4) 8850 (38.5) 576 794 (42.3)

    High 4925 (36.3) 265 363 (39.0) 9086 (39.5) 531 150 (38.9)

*Described with the Johns Hopkins ACG System (version 7) Aggregated Diagnosis Groups11 applied to diagnostic codes associated 
with hospital admissions data.9
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of First Nations people showed that average income at the 
tribal council level was not associated with lower-extremity 
amputation rates.14 A Manitoba study showed that Indigenous 
people were more likely than non-Indigenous people to require 
lower-extremity amputation for an emergent indication (such 
as gangrene or nonhealing foot ulcer), but there was no differ-
ence between the 2 groups in perioperative morbidity or long-
term mortality.19 In another Manitoba study, the investigators 
compared outcomes of lower-extremity amputation between 
First Nations/Métis people and non-Indigenous people.20 
Rehabilitation use and duration were similar, but First Nations 
and Métis people were less likely than non-Indigenous people 
to experience phantom pain after amputation. We were not 
able to examine rehabilitation use in our study.

Strengths and limitations
This study has important strengths. It was a participatory 
research collaboration between academics and representatives 
of First Nations communities, who were involved throughout 
the study. In addition, we conducted a population-based study 

of all people across Ontario and used provincial health care 
administrative databases that capture all outcome events. Thus, 
the study had sufficient sample size to be adequately powered 
to examine rare events such as lower-extremity amputation. 
However, there are important limitations to highlight. We 
could identify only major surgical procedures for peripheral 
arterial disease: revascularization and lower-extremity amputa-
tion. Less severe manifestations of peripheral arterial disease, 
such as symptoms of impaired circulation, foot ulcers or arte-
rial blockages not suitable for intervention, could not be ascer-
tained. As the study relied on secondary data not collected pro-
spectively for research purposes, procedures may have been 
miscoded, which would have led to misclassification of out-
comes. In addition, procedures for Ontarians living in the 
northwest of the province, where patients requiring specialist 
services may be referred to Winnipeg, may have been under-
counted in our data. As a result, we may have underestimated 
event rates among those living in this area, which includes a 
large population of First Nations people. Third, the Ontario 
Diabetes Database does not distinguish between types of 
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Figure 1:  Age- and sex-adjusted rates and 95% confidence intervals of A)  revascularization procedures (angioplasty or 
bypass surgery) (2002/03 to 2014/15) and B)  lower-extremity amputation (1995/96 to 2014/15) per 100 000 people with 
diabetes among First Nations people and other people in Ontario.
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diabetes; however, the vast majority of people with diabetes in 
the population have type 2. As noted elsewhere in this series,9 
the use of neighbourhood-level household income as a proxy 

for individual-level socioeconomic status is inaccurate among 
First Nations people, so we were unable to account for socio-
economic status in these analyses. Finally, First Nations people 
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amputation among First Nations people and other people in Ontario, 2014/15. Error bars represent 95% confidence intervals.
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who are not registered with the Indian Register, including 
members of First Nations not recognized by the federal gov-
ernment, will not have been captured in the First Nations pop-
ulation of this study.

Conclusion
Although First Nations people with diabetes had rates of 
revascularization procedures to treat peripheral arterial disease 
comparable to those for other people with diabetes in Ontario, 
they had an increased risk of lower-extremity amputation, par-
ticularly younger people. These results suggest that peripheral 
arterial disease may be underdiagnosed or undertreated 
among First Nations people in Ontario. Lower-extremity 
amputation markedly affects quality of life and is associated 
with a high mortality rate, which, in the current study, was 
15% higher for First Nations people than for other people in 
Ontario. These results show the health inequities faced by 
First Nations people and the impact of social, economic and 
cultural determinants of health.17 Future research is needed to 
understand what barriers First Nations people face to receive 
adequate peripheral arterial disease care and what interven-
tions are necessary to achieve equitable outcomes of periph-
eral arterial disease for First Nations people in Ontario.
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