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Abstract

Aims/hypothesis Lower limb amputation is a serious compli-
cation of diabetes mellitus. Understanding how amputation
risk differs by population subgroups is crucial in terms of
directing preventive strategies. In this study, we describe those
factors that impact amputation risk in the entire prevalent
diabetic population of New Zealand.

Methods A national prevalent cohort of 217,207 individuals
with diabetes in 2010 were followed up until the end of 2013
for lower limb amputations, and 2014 for mortality. Inpatient
hospitalisation data were used to define lower limb amputa-
tion using ICD-10 codes. Cox proportional hazards models
were used to describe relative hazard of amputation over the
follow-up period.

Results A total of 784 individuals (3.6 cases/1000 individuals)
underwent a major (above-ankle) lower limb amputation during
follow-up, while 1217 (5.6/1000) underwent a minor (below
ankle) amputation. The risk of major and minor amputation was
39% and 77% greater for men than women, respectively (ad-
justed HR: major amputation 1.39, 95% CI 1.20, 1.61; minor
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amputation 1.77, 95% CI 1.56, 2.00). Indigenous Maori were at
65% greater risk of above-knee amputation compared with the
European/Other diabetic population (HR 1.65, 95% CI 1.37,
1.97). Amputation risk increased with increasing comorbidity
burden, and peripheral vascular disease conferred the greatest
independent risk of all comorbid conditions. Prior minor am-
putation increased the risk of subsequent major amputation by
tenfold (HR 10.04, 95% CI 7.83, 12.87), and increased the risk
of another minor amputation by 20-fold (HR 21.39, 95% CI
17.89, 25.57). Death was common among the total cohort, but
particularly among those who underwent amputation, with
more than half of those who underwent a major amputation
dying within 3 years of their procedure (57%).

Conclusions/interpretation Using a large, well-defined, nation-
al prevalent cohort of people with diabetes, we found that being
male, indigenous Maori, living in deprivation, having a high co-
morbidity burden and/or having a previous amputation were
strongly associated with subsequent risk of lower limb amputa-
tion. The use of this prevalent cohort strengthens the value of our
estimates in terms of applicability to the general population, and
highlights the subgroups at greatest risk of lower limb amputation.

Keywords Amputation - Comorbidity - Deprivation -
Diabetes mellitus - Ethnicity - Lower limb - Prevalent cohort

Abbreviations

NZDep New Zealand Deprivation Index
URPC  Urban/Rural Profile Classification
VDR Virtual Diabetes Register

Introduction

There are many factors that contribute to risk of amputation
among people with diabetes [1]. At a fundamental level, poor
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control of glucose and vascular health over the course of
multiple preceding years is an important catalyst [2—7].
Subsequent poor management of peripheral neuropathy and
peripheral vascular disease are intermediary contributors to
amputation risk, while subsequent poor management of foot
wounds/ulcers (including offloading)—combined with poor
healing capacity [8], itself driven by poor vascular and auto-
nomic function—can impact amputation risk in a more proxi-
mal sense. Those individuals who have had a prior amputation
are also at substantially increased risk of subsequent amputation
[9-11], which is likely driven by advanced peripheral vascular
and neuropathic disease [10]. Previous reviews have reported
high levels of both short-term and long-term mortality among
individuals with diabetes who undergo amputation [12, 13].

The disease factors that contribute to amputation risk are
not evenly distributed among diabetic populations. A cohort
study of 62,000 individuals attending annual diabetes checks
in New Zealand found that those people with diabetes living in
the most-deprived areas were 50% more likely to require am-
putation (adjusted HR 1.51, 95% CI 1.15, 1.97), while women
were half as likely to require amputation compared with men
(adjusted HR 0.48, 95% CI 0.42, 0.55) [14]. The latter finding
has been repeatedly observed in other international contexts
[9, 15—-18]. However, it is common for studies of amputation
risk to be conducted among those regularly attending diabetes
check-ups—the large New Zealand study was conducted
among those attending annual diabetes reviews, which is es-
timated to be fewer than half of the total diabetic population
[14]; as such, it is difficult to know if these observations are
applicable to the wider population of all people with diabetes.
It also remains unclear whether these disparities might be
wholly or partially explained by strong known risk factors,
including comorbidity (particularly peripheral vascular dis-
ease) and prior amputation.

Understanding how amputation risk differs by population
subgroups is crucial for directing preventive strategies [19].
Therefore, the objective of this study was to describe those
factors that impact the risk of amputation among all prevalent
diabetic individuals in New Zealand, stratified by population
subgroup and with separate analyses for major and minor
amputations.

Methods

Participants and data sources

A prevalent cohort of 217,207 individuals with diabetes in
2010 were followed until the end of 2013 for lower limb
amputations, and 2014 for mortality. The prevalent cohort of
individuals with diabetes was defined using the New Zealand
Ministry of Health’s Virtual Diabetes Register (VDR), which
uses information from multiple national-level data sources to

attribute a diagnosis of diabetes to a given individual. The
methods underlying the VDR are detailed in ESM Methods
and are based on relevant inpatient and outpatient activity,
pharmaceutical prescriptions and laboratory tests [20]. The
VDR is used to determine official diagnosed diabetes preva-
lence in New Zealand [21]; however, in contrast to the ap-
proach used by the Ministry of Health we have included indi-
viduals who could not be linked to a primary health organisa-
tion, as well as those who died before the end of 2010. Once
this cohort was defined, each individual was further linked to
the following datasets.

Inpatient hospitalisation records Each individual was linked
to all hospitalisation records from 2005 until 2013. Using this
dataset, we: (1) identified all lower limb amputations that oc-
curred between 2010 and 2013 using ICD-10 codes (www.
who.int/classifications/icd/en/) (see ESM Table 1); (2)
identified amputations that occurred during the 5 year period
prior to the study period (i.e. 2005-2009) using the same
codes; and (3) identified comorbid conditions diagnosed in
the 5 years prior to 2010.

Mortality records, 2005-2014 Each individual in the cohort
was linked to mortality records from 2005 to the end of 2014.

Variables

Demographic variables for all individuals, including age, sex,
ethnicity, deprivation and rurality, were determined using data
from the VDR.

Age was defined as age in years as of the beginning of the
study period (i.e. 1 January 2010) and further categorised into
five age groups (<25, 2549, 50-64, 65-75, >75). Sex was
defined as either male or female. Ethnicity was defined as
Maori, Pacific, Asian or European/Other (non-Maori/Pacific/
Asian). Each individual was attributed an index date based on
the beginning of the study period (1 January 2010).

Level of patient deprivation was determined using New
Zealand’s Deprivation Index (NZDep) [22], a small-area
based index calculated using aggregated census data based
on socioeconomic characteristics of the area in which an indi-
vidual lives and ranked into quintiles ranging between 1 (least
deprived) and 5 (most deprived). Rurality was defined using a
modified version of the Urban/Rural Profile Classification
(URPC) [23], a categorisation system which allows mapping
of New Zealand Census Area Unit data down to three classi-
fications: urban (main urban area + satellite urban area); inde-
pendent urban area; and rural (all rural areas). Deprivation
and/or rurality could not be determined for n = 2281 individ-
uals (1.0% of the total cohort) because of missing data.

Comorbidity Comorbidity was defined using the Charlson
comorbidity index, which employs inpatient hospitalisation
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data to define the presence of chronic conditions in addition to
the primary condition (i.e. diabetes) [24, 25]. Diabetes with
and without complications were excluded from the score cal-
culation. Using this index, a comorbidity score was assigned
to each individual based on ICD codes recorded during inpa-
tient hospitalisations during the 5 years prior to the index date
(1 January 2005-31 December 2009). Scores were
categorised as 0 (no comorbidity), 1, 2 and 3+ (severe comor-
bidity). If individuals had no hospitalisation data for the 5 year
lookback period, their comorbidity score was set at 0.

Lower limb amputation During follow-up, lower limb
amputation was defined using inpatient hospitalisation
procedure ICD codes (ESM Table 1). Amputations were
categorised as either major (above or through ankle) or
minor (below ankle) [26]. The first amputation of each type
was noted for each given individual as a binary variable
(yes/no) recording whether an amputation occurred during
the follow-up period, and a date variable recording the date
of the amputation. It was possible for a given individual to
be recorded as having both a major and minor amputation,
but only one of each type (i.e. the earliest during the follow-
up period) was recorded for each person. We also looked for
prior amputations that occurred in the 5 year period before
the study start date (1 January 2005-31 December 2009);
here again, we searched for both major amputations and
minor amputations (it is possible that a given individual
could have both). Again, a binary variable (yes/no) recorded
whether one or both of the amputation types occurred during
the lookback period. Mortality was defined using date of death
data from the national mortality collection.

This study assumes that amputations occurring within our
diabetic cohort are related to their diabetes and associated
complications, rather than other unrelated factors. To assess
the impact of this assumption, we investigated the number of
amputations over the follow-up period that had lower limb
cancer and/or trauma ICD codes listed within the same hospi-
tal event as the amputation. Only one amputation patient
(<0.1%) had a trauma code within the same hospital event
as the amputation procedure, and no amputation individuals
had a lower limb cancer code at time of amputation.

Statistical analysis

Descriptive analyses Crude descriptive analyses were used to
describe the demographic characteristics of the cohort and the
occurrence of lower limb amputation, stratified by demo-
graphic characteristics and comorbidity. We also described
the prevalence of individual comorbid conditions at baseline
for both those who had an amputation and those who did not.

Risk of amputation Crude and adjusted risk of major or mi-
nor lower limb amputation was investigated using Cox
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proportional hazards models. Individuals were followed for
a 4 year period from 1 January 2010 until 31 December
2013. Individuals were censored at the date of their death if
they died during the follow-up period.

Separate models were constructed for each demographic
covariate as the exposure of interest (i.e. crude estimates),
along with fully adjusted models which included all other
covariates. All variables were included in the models as cate-
gorical variables. HRs and their 95% Cls were determined
from the models.

Finally, we calculated the crude and adjusted risk of ampu-
tation (HRs and 95% Cls) for each individual Charlson co-
morbid condition (excluding the two diabetes-related condi-
tions). For the fully adjusted model, we included sex, age,
ethnicity, deprivation, rurality and prior amputation as cate-
gorical covariates.

Risk of death We compared the crude risk of death between
amputation groups over the study period using crude descrip-
tive and Kaplan—Meier analysis. The start of the follow-up
period for those who underwent an amputation was the date
of their amputation, while the start of the follow-up period for
those who did not undergo an amputation was the beginning
of'the study period (1 January 2010). We determined the num-
ber and proportion of deaths within each amputation group,
and also for those who did not undergo an amputation. We
then calculated 1, 2 and 3 year post-amputation mortality rates
for those who underwent a minor amputation only (i.e. ex-
cluding those who underwent a major amputation), as well
as those who underwent a major amputation. Individuals were
censored at the end of follow-up if they did not die during the
study.

Ethics approval

This study received ethical approval from the University of
Otago Human Ethics Committee Health (reference
HD16/055).

Results

Of the 217,207 individuals with diabetes identified from the
VDR (Table 1), a total of 784 individuals (3.6 cases/1000
individuals) underwent a major amputation, while 1217
underwent a minor amputation (5.6 cases/1000; Table 2).
Major and minor amputations were more common among
men (major amputation: 4.4 cases/1,000 men; 2.7 cases/
1,000 women; minor amputation: 7.4 cases/1,000 men; 3.7
cases/1,000 women). The mean age of those requiring major
amputation (67.1 years [SD 13 years]) was marginally higher
than those requiring minor amputation (65.0 years [SD:
13.3 years]; Table 2).
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Table2 Major and minor lower limb amputation among the cohort, by
demographic characteristic

Table 1 Demographic and comorbid characteristics of the 2010 prev-
alent diabetic population of New Zealand
Characteristic Total cohort
n %
Total cohort® 217,207 -
Sex
Female 105,987 48.8
Male 111,219 51.2
Age (years)b
0-24 5321 2.5
25-49 40,794 18.8
50-64 69,863 322
65-74 49,278 22.7
>75 51,951 23.9
Mean 62.5 16.6
Ethnicity
European/Other 137,445 63.3
Maori 31,249 144
Pacific 25,592 11.8
Asian 22921 10.6
Deprivation (NZDep)
1-2 (least deprived) 26,679 12.4
34 31,929 14.9
5-6 38,627 18.0
7-8 51,123 23.8
9-10 (most deprived) 66,718 31.0
Rurality (URPC)
Urban 163,581 76.1
Ind. urban 30,081 14.0
Rural 21,269 9.9
Comorbidity (Charlson)
0 172,742 79.5
1 17,100 79
2 11,708 54
3+ 15,657 7.2
Prior amputation
Major 545 0.3
Minor 937 04

Those with missing data are excluded from the denominator when calcu-
lating proportions

* As determined from the VDR
® Age at start of follow-up period (1 January 2010) Ind., independent

Major amputation risk during the follow-up period was
greatest among Maori (6.4 cases/1,000 Maori individuals)
followed by European/Other (3.6 cases/1,000 European/
Other individuals), Pacific (2.7 cases/1,000 Pacific individ-
uals) and Asian individuals (1.1 cases/1,000 Asian individ-
uals). The trend was similar for minor amputations. The risk
of major and minor amputation was greatest among those

Characteristic Amputations
Major Minor
n* n/1000 n* n/1000

Total amputations 784 3.6 1217 5.6
Sex

Female 290 2.7 389 3.7

Male 494 44 828 7.4
Age (years)

0-24 2 0.4 1 0.2

25-49 75 1.8 176 43

50-64 250 3.6 413 5.9

65-74 213 43 317 6.4

>75 244 4.7 310 6.0

Mean 67.1 13.0 65 13.3
Ethnicity

European/Other 489 3.6 815 59

Maori 201 6.4 221 7.1

Pacific 69 2.7 141 5.5

Asian 25 1.1 40 1.7
Deprivation (NZDep)

1-2 58 22 123 4.6

34 102 32 142 44

5-6 131 34 203 53

7-8 197 39 321 6.3

9-10 295 44 424 6.4
Rurality (URPC)

Urban 575 3.5 897 5.5

Ind. urban 137 4.6 189 6.3

Rural 71 33 126 5.9
Comorbidity (Charlson)

0 240 14 527 3.1

1 108 6.3 172 10.1

2 110 9.4 153 13.1

3+ 326 20.8 365 233
Prior amputation

Major 69 126.6 35 374

Minor 121 222.0 189 201.7

#Number of individuals having at least one of this type of amputation
over the follow-up period (2010-2013) Ind., independent

residing in the two most-deprived quintiles, and the risk of
major or minor amputation was similar regardless of urban/
rural status. Major and minor amputation risk increased sub-
stantially with increasing comorbidity burden (e.g. major am-
putation: Charlson score 0, 1.4 cases/1,000 individuals;
Charlson score 1, 6.3 cases/1,000; Charlson score 2, 9.4
cases/1,000; Charlson score 3+, 20.8 cases/1,000). Around
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13% of those who had a prior major amputation in the five
years prior to the study period underwent a subsequent major
amputation during the follow-up period (n = 69, 126.6 cases/
1,000 individuals). Around 22% of those who had undergone
a prior minor amputation underwent a subsequent major am-
putation (n = 121, 222 cases/1,000 individuals), while 20%
underwent a subsequent minor amputation (n = 189, 201.7
cases/1,000 individuals; Table 2).

Crude and adjusted HRs comparing the risk of amputation
during the follow-up period by demographic and comorbid
covariates are shown in Table 3. We observed that the risk
of major amputation among men was nearly 40% greater than
it was for women (adjusted HR 1.39, 95% CI 1.20, 1.61), and
risk of minor amputation was nearly 80% greater for men
(1.77,95% CI 1.56, 2.00; Table 3).

While crude estimates suggested that younger age was pro-
tective against major amputation risk (crude HR 50-64 years
0.68, 95% CI1 0.57, 0.82; reference group is >75), this differ-
ence was largely accounted for after adjusting for covariates,
including comorbidity (adjusted HR 0.89, 95% C10.74, 1.07).
A similar trend was observed for minor amputations (Table 3).

The risk of major amputation among Maori individuals
was substantially higher than for European/Other individuals
(adjusted HR 1.65, 95% CI 1.37, 1.97); however, Maori were
at no more risk of minor amputation (1.06, 95% CI 0.90,
1.25). Pacific individuals appeared at lower risk of both major
(0.73,95% C10.55, 0.95) and minor (0.85, 95% C10.70, 1.03)
amputation than European/Other individuals, while Asian in-
dividuals were at a substantially reduced risk of both major
(0.43,95% C1 0.29, 0.65) and minor (0.36, 95% C1 0.26, 0.50;
Table 3) amputation.

Risk of amputation during the follow-up period appeared to
decrease at lower levels of deprivation; for example, those re-
siding in the least-deprived deciles experienced 34% lower risk
of major amputation relative to the most deprived (NZDep
quintile 5=reference, NZDep quintile 1, adjusted HR 0.66,
95% CI 0.49, 0.88). Amputation risk did not seem to substan-
tially differ based on urban or rural residence (Table 3).

Comorbidity had a profound impact on risk of amputation.
Compared with those with no significant comorbidity
(Charlson score category 0), individuals in Charlson category
1 were at nearly four times greater risk of major amputation
(adjusted HR 3.83, 95% CI 3.05, 4.82), while individuals in
Charlson category 2 had more than six times the risk (6.04,
95% CI 4.80, 7.60) and those in Charlson category 3+ had
more than 12 times the risk (12.31, 95% CI 10.26, 14.77).
Similar trends were observed for minor amputations, although
the magnitude of the HRs was lower (Table 3).

Of all the variables under consideration, prior amputation
conferred the strongest increase in amputation risk. Prior major
amputation increased the risk of subsequent major amputation
during the follow-up period threefold (adjusted HR 3.06, 95%
CI 2.24, 4.18), while prior minor amputation increased the risk
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Table3  Adjusted instantaneous risk of major and minor amputation in
the cohort, by demographic characteristic

Age (years)

Characteristic Amputations
Major Minor
Adj. HR (95% CI)* Adj. HR (95% CI)*
Sex
Female Reference Reference
Male 1.39 (1.20, 1.61) 1.77 (1.56, 2.00)

0-24 0.17 (0.04, 0.68) 0.05 (0.01, 0.38)

25-49 0.62 (0.48, 0.82) 1.08 (0.89, 1.32)

50-64 0.89 (0.74, 1.07) 1.12 (0.95, 1.30)

65-74 0.86 (0.72, 1.04) 1.05 (0.89, 1.23)

>75 Reference Reference
Ethnicity

European/Other Reference Reference

Maori 1.65(1.37,1.97) 1.06 (0.90, 1.25)

Pacific 0.73 (0.55, 0.95) 0.85 (0.70, 1.03)

Asian 0.43 (0.29, 0.65) 0.36 (0.26, 0.50)
Deprivation (NZDep)

1-2 0.66 (0.49, 0.88) 0.85 (0.68, 1.05)

34 0.90 (0.71, 1.15) 0.79 (0.65, 0.97)

5-6 0.84 (0.68, 1.05) 0.88 (0.74, 1.05)

7-8 0.93 (0.77, 1.12) 1.03 (0.88, 1.19)

9-10 Reference Reference
Rurality (URPC)

Urban Reference Reference

Ind. urban 1.01 (0.83, 1.22) 0.97 (0.82, 1.14)

Rural 0.91 (0.7, 1.17) 1.07 (0.88, 1.29)
Comorbidity (Charlson)

0 Reference Reference

1 3.83(3.05, 4.82) 2.83(2.37,3.37)

2 6.04 (4.80, 7.60) 3.87 (3.22, 4.66)

3+ 12.31 (10.26, 14.77)  6.63 (5.72,7.70)
Prior amputation

Major 3.06 (2.24, 4.18) 0.61 (0.42, 0.88)

Minor 10.04 (7.83, 12.87) 21.39(17.89, 25.57)

* Adjusted for all other covariates. Crude estimates are presented in ESM
Table 2

Adj., adjusted; Ind., independent

of major amputation by more than ten times (10.04, 95% CI
7.83, 12.87). Prior major amputation reduced the risk of subse-
quent minor amputation during the follow-up period by nearly
40% (0.61, 95% CI 0.42, 0.88), while prior minor amputation
increased the risk of subsequent minor amputation more than
20-fold (21.39, 95% CI 17.89, 25.57; Table 3).

In terms of individual comorbidity (Table 4), those condi-
tions that were both common among those requiring major
amputation (>10% prevalence) and conferred the strongest
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Table 4  Crude and adjusted instantaneous risk of major and minor amputation, by individual comorbidity

No amputation Major amputation

Minor amputation

Prevalence Prevalence HR (95% CI) Prevalence HR (95% CI)

Comorbidity n (%) n (%) Crude Adjusted® n (%) Crude Adjusted®

Myocardial infarction 10,822 (5.0) 148 (18.9)  4.98 (4.16, 5.95) 3.13(2.60,3.77) 186(15.3) 3.86(3.30,4.52) 2.60(2.22, 3.06)

Congestive 9983 (4.6) 179 (22.8)  7.74 (6.55, 9.15) 4.17 (3.49,5.00) 208 (17.1)  5.40(4.65,6.27) 3.23(2.75,3.79)
heart failure

Peripheral vascular 5373 (2.5) 283 (36.1) 25.24(21.81,29.21) 12.72(10.62, 15.24) 321 (26.4) 16.10 (14.17, 18.30) 7.22 (6.09, 8.56)
disease

Cerebrovascular 8378 (3.9) 100 (12.8)  4.22 (3.42,5.20) 2.51(2.02,3.13) 108 (8.9) 2.81(2.31,3.42) 197(1.61,2.42)
disease

Dementia 2126 (1.0) 16 (2.0) 3.41(2.08, 5.60) 2.13(1.29,3.53) 11(0.9) 1.49(0.82,2.70) 1.13 (0.62, 2.06)

Chronic pulmonary 8250 (3.8) 70 (8.9) 2.85(2.23, 3.64) 1.96 (1.53,2.52) 73 (6.0) 1.86(1.47,2.35) 1.52(1.20, 1.93)
disease

Rheumatic disease 1048 (0.5) 14 (1.8) 4.19 (2.47,7.11) 2.38(1.39,4.06) 21 (1.7) 4.06 (2.64,6.25) 2.72(1.76,4.22)

Peptic ulcer disease 1821 (0.9) 16 (2.0) 2.75 (1.68, 4.52) 1.57 (0.95,2.59) 27(2.2) 3.01 (2.05,4.40) 2.13(1.45,3.13)

Liver disease: mild 1739 (0.8) 15(1.9) 2.52 (1.51, 4.20) 1.92(1.15,3.21) 28(2.3) 3.05(2.10,443) 2.31(1.59,3.37)

Liver disease: 532(0.3) 4(0.5) - - 6 (0.5) 243 (1.09,542) 1.67(0.75,3.74)
mod./severe

Hemi/paraplegia 4525 (2.1) 71 (9.1) 5.46 (4.27, 6.96) 3.18(2.47,4.10) 49 (4.0) 229 (1.72,3.05) 1.61(1.21,2.16)

Renal disease 11,083 (5.1) 290 (37.0) 13.01 (11.25,15.05) 7.36(6.24,8.68) 359 (29.5) 9.31(8.22,10.53) 5.50 (4.77, 6.33)

Cancer: primary 7102 (3.3) 58 (7.4) 2.80 (2.14, 3.66) 2.16 (1.65,2.84) 59 (4.8) 1.79(1.38,2.32) 1.46(1.12, 1.90)
tumour

Cancer: secondary 1724 (0.8) 5(0.6) 1.13(0.47,2.72) 1.08 (0.45,2.60) 6 (0.5) 0.87(0.39,1.95) 0.99 (0.44,2.21)
tumour

AIDS/HIV 19 (0.0) 1(0.1) - - 1(0.1) - -

HRs not reported where condition prevalence among those having amputation during the follow-up period was lower than n = 5

Those with missing data are excluded from the denominator when calculating proportions

# Adjusted for sex, age, ethnicity, deprivation, rurality and prior amputation

Mod., moderate

increase in major amputation risk included peripheral vascular
disease (adjusted HR 12.72, 95% 10.62, 15.24), renal disease
(7.36,95% CI 6.24, 8.68), congestive heart failure (4.17, 95%
CI 3.49, 5.00), myocardial infarction (3.13, 95% CI 2.60,
3.77) and cerebrovascular disease (2.51, 95% CI 2.02, 3.13).
Similar trends were observed for minor amputations, although
the magnitude of the hazard ratios was lower (Table 3).

Mortality was common among the total cohort: 27,495 of
the 217,207 who were included in the study died before the
end of the mortality follow-up period (13% of the cohort). The
post-amputation rate of mortality was greatest for those who
underwent a major amputation (3 year mortality rate: 57%),
and also high among those who underwent a minor amputa-
tion (35%; Table 5).

Discussion
The objective of this paper was to describe those factors that

impact the risk of amputation and mortality among a prevalent
cohort of individuals with diabetes in New Zealand, stratified

by population subgroups and extent of amputation. Our key
observations are discussed below, beneath subgroup headings.

Sex

Men were 40-70% more likely to have major and minor am-
putations than women (adjusted HRs 1.39 and 1.77, respec-
tively). The disparity in amputation risk between the sexes has
been documented by other investigators in a number of other
population contexts [9, 15—18]. The reason(s) for this disparity
remain unclear, but are thought to include a reduced likelihood
among men to seek timely diabetic foot care compared with
women [17], and are also likely to be driven by the higher risk
of vascular disease and smoking among men.

Ethnicity
We observed that Maori were at no increased risk of minor
amputation than the European/Other population, but were at

65% greater risk of major amputation. This observation is
similar to those in other international contexts, where
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Table 5 Total deaths and post-
amputation mortality rate by am-
putation group

Amputation group

Total deaths®

Post-amputation mortality rate (%)°

n (%) 1 year 2 years 3 years
No amputation® 27,495 (13.0)
Minor amputation“l 320 (34.0) 18.0 26.0 35.0
Major amputation 441 (56.0) 36.0 47.0 57.0

Amputation group: 0, no amputation; 1, minor amputation only; 2, major amputation. Kaplan—Meier curves are

shown in ESM Fig. 1
*In 2010-2014

® Determined using Kaplan—Meier survival analysis methods

“No amputation during the follow-up period

9 Excluding those who also sustained a major amputation

indigenous individuals with diabetes have been observed to
have higher amputation rates than non-indigenous individuals
with diabetes [27, 28]. Our observation of substantially in-
creased risk of major amputation among Maori, even after
adjusting for any differences in factors such as comorbidity
and deprivation, is of concern, and requires further
investigation.

In contrast to our observations regarding Maori, we ob-
served that Pacific peoples with diabetes were at reduced risk
of amputation compared with the European/Other population
(adjusted HRs: major amputation 0.73, minor amputation
0.85). This unusual observation requires further investigation.
Similar to previous authors [3, 14, 29], we observed that Asian
people with diabetes had by far the lowest risk of amputation
(adjusted HRs: major amputation 0.43, minor amputation
0.36). Possible explanatory factors for the low risk among
Asian individuals might include the low prevalence of periph-
eral vascular disease, and/or high-quality glycaemic control
and complication management among this population [29].

Comorbidity

We observed a strong association between increasing level of
comorbidity and increasing risk of amputation. Those with the
most severe comorbidity burden, as measured with the
Charlson comorbidity index, were at 12 times greater risk of
major amputation and nearly seven times greater risk of minor
amputation, even after adjusting for all other covariates.
Perhaps unsurprisingly, the individual condition with the
strongest association was peripheral vascular disease, which
independently increased the risk of major amputation by near-
ly 13 times, and the risk of minor amputation by more than
seven times. This observation largely echoes that found by
other authors [9, 10, 15, 30].

It is important to note that many of the conditions that are
included in the Charlson index may reflect diabetic severity.
Peripheral vascular disease is a key pathway through which
diabetes causes lower limb amputation and, as such,
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conceptually this condition is less a comorbidity than a marker
of disease progression and amputation risk. However, it
should be noted that peripheral vascular disease is a broad
condition, and is not synonymous with peripheral arterial dis-
ease of the lower extremity. Other ‘comorbidities’ including
those associated with macrovascular disease (myocardial in-
farction, stroke, congestive heart failure, etc.) and renal dis-
ease are also markers of diabetes severity and could be
conceptualised as complications of diabetes. Chronic obstruc-
tive pulmonary disorder is a strong marker of smoking status
[31], and smoking is, in turn, a strong risk factor for peripheral
vascular disease [32]. Comorbidity in this context can be
conceptualised as representing three different constructs: (1)
conditions that reflect severity of diabetes; (2) conditions that
are co-existing risk factors for peripheral vascular disease (and
thus amputation); and (3) comorbid conditions per se, which
may have an independent impact on likelihood of amputation.
It is difficult to disentangle these three, and all are important.

Prior amputation

Prior amputation was consistently found to be a very strong
risk factor for subsequent amputation. We observed a very
strong association between prior amputation and risk of sub-
sequent major amputation during follow-up (adjusted HR:
prior major amputation 3.06, 95% CI 2.24, 4.18; prior minor
amputation 10.04, 95% CI 7.83, 12.87). Considering the like-
lihood that more than half of healed diabetic foot ulcers re-
occur after 3 years [33], coupled with the likelihood that the
individual will likely still have the same risk factors that were
key causes of the prior amputation (e.g. peripheral vascular
disease), the association between prior amputation and subse-
quent amputation is not surprising and is in line with findings
from other contexts [9—11, 34]. The reasons that have been
suggested for this heightened risk include inadequate surgical
margins during an original amputation, in an effort to save a
greater part of the lower extremity [34], as well as altered
biomechanics resulting from the prior amputation leading to
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changes in lower-extremity loading and the development of
new bony deformities [11, 35, 36].

The relationship between prior amputation and risk of
future amputation may have less to do with the prior am-
putation per se than it does with the individual’s underlying
risk factors. The crude (i.e. unadjusted) association be-
tween prior amputation and subsequent amputation was
remarkable; HRs of around 50 were observed across most
amputation types. However, this association attenuated
substantially once adjusted for covariates, including co-
morbidity, suggesting that the bulk of the substantial in-
crease in amputation risk associated with prior amputation
was explained by the covariates included in our model,
particularly comorbidity. Residual confounding is highly
likely, wherein the measure of comorbidity used might
not entirely represent the comorbidity load relevant to am-
putation risk.

The mortality rate among those who underwent amputa-
tions was high, with more than half of all those who
underwent a major amputation and more than a third of those
undergoing minor amputation dying within 3 years (Table 1).
This death rate is comparable with those observed in other
international contexts [12, 13]: for example, a study from the
Netherlands observed a 1 year mortality of 44% and a 5 year
mortality of 77% among individuals undergoing their first
amputation [13]. This very high death rate clearly reflects
the poor general health of those who require amputation, both
in terms of the severity of their diabetes and the co-existence
of other chronic conditions. Moreover, it is striking that 13%
of those who did not undergo an amputation also died during
the study follow-up period (up to the end of 2014). It is im-
portant to note that at least some of these individuals would
have undergone a major (or minor) amputation if their prog-
nosis had been better [37].

Strengths and limitations

Like many similarly constructed registers, the VDR is an
imperfect measure of diabetes prevalence, though the al-
gorithm used to define the population in the register has
been iteratively improved over time [21]. If the VDR
overestimates the size of the prevalent diabetic population
in New Zealand, then it is possible that the absolute num-
ber of amputations attributed to diabetes in this study
would also be an overestimate. This seems highly unlike-
ly, as errors in cohort definition should be more common
among those at the less severe end of the chronic disease
spectrum, rather than those with strong (non-diabetic) risk
factors for lower limb amputation. In other words, we are
unlikely to have misclassified our cohort in a way that
could meaningfully affect the results reported here.

The current study is limited to those variables available
from national-level datasets in terms of understanding
those factors that impact amputation risk. If available, data
on sensory function (as a marker of neuropathy), informa-
tion about diabetic foot care (such as access to foot care
services) and glycaemic control may have at least partially
explained some of the association between covariates (e.g.
prior amputation) and subsequent amputation risk. For ex-
ample, in their recent cohort study among those attending
diabetes clinics in New Zealand, Robinson et al observed
a 27% increase in risk of amputation for every 10 mmol/
mol increase in HbA . (adjusted HR 1.27, 95% CI 1.24,
1.31) [14]. However, these glycaemic control data are cur-
rently unavailable at a national level in New Zealand, so
while at least part of the adjusted associations presented
here might be explained by poor glycaemic control, we
do not have the data to confirm this.

Data from the VDR did not allow us to separate those with
type 1 diabetes from those with type 2 diabetes. This would
have been useful for cohort description, and could have been
included as both an exposure of interest and covariate when
considering the impact of other exposures such as age. This
would also have allowed us to stratify analyses by diabetes
type to examine whether the factors that most strongly influ-
ence amputation risk for type 1 diabetes differ from those that
most strongly influence amputation risk for type 2 diabetes.

Conclusions

This study demonstrates the risk of major and minor amputa-
tion among a prevalent cohort 0f 217,207 people with diabetes
in New Zealand. Those particularly at risk were men, indige-
nous Maori, those residing in the most-deprived areas and
individuals with comorbidity. Previous amputation conferred
aparticularly high risk of subsequent amputation, but this may
have less to do with the prior amputation per se than it does
with the individual’s underlying risk factors. Death was com-
mon among the total cohort, but particularly among those who
underwent amputation, with more than half of those who
underwent a major amputation dying within 3 years of their
procedure. This is the first study to our knowledge that has
investigated risk of amputation in a large, well-defined, na-
tional prevalent cohort of individuals with diabetes, strength-
ening the generalisability of our findings to the general popu-
lation with diabetes.
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