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A B S T R A C T

Background: There is variance in the incidence of lower extremity amputation across and within countries
including within the UK. National data shows up to a fourfold variance in the amputation rate throughout
the regions of England and differences in amputation incidence have been reported in Scotland and Ireland.
Lower extremity amputation rate has yet to be documented within Wales. The aim of this cohort study was
to examine trends in diabetes and non-diabetes related lower extremity amputation incidence within the
Welsh population and to examine the influence of diabetes on the relative risk of amputation.
Materials and Methods: All first-time amputations between 2008-2018 were extracted from SAIL, a repository
of all routine medical data of residents of Wales. People with diabetes were identified using an algorithm uti-
lising data from several clinical and non-clinical sources. Crude and direct age and sex adjusted incidences
were estimated over time.
Results: Over the period 3505 major amputations and 4335 minor amputations occurred. The diabetes popu-
lation greater than 17 years of age increased by 29.4% from 143,595 in 2008 to 206,818 in 2018. There was a
statistically significant rate reduction in major amputation in both populations. In the diabetes population
the number of major amputations reduced from 6.9 [5.5−8.5]/10 000 person years (PY) in 2008 to 4.9 [5.4
−6.2]/10 000 PY in 2018. However, for major amputation, the risk of incident amputation in people with dia-
betes was 7.3 fold higher [7.1−7.5] than those without diabetes. The relative risk of minor amputation for
those with diabetes was higher at 11.9 [11.8 −1.01]. There was no reduction in this risk over the period.
Conclusion: This study found that rates of major amputation decreased over the study period but the risk of
amputation for persons with diabetes remained substantial. As the population with diabetes increases so do
crude rates of amputation, providing a substantial financial and societal cost to the Welsh Population.
© 2023 The Authors. Published by Elsevier Masson SAS. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
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Introduction

The most recent National Institute for Health and Care Excellence
(NICE) guidelines ‘Diabetic Foot Problems: Prevention and Manage-
ment’ have highlighted that levels of morbidity and mortality related
to diabetes-related foot disease throughout the UK are at an unac-
ceptably high level. Foot related complications create a significant
burden on people with diabetes (PWD), the National health service
(NHS) and the United Kingdom (UK) economy and there is a marked
variation in their incidence across regions [1]. Foot problems, ranging
from ulceration to amputation, account for the highest proportion of
hospital admissions for any long-term micro or macrovascular com-
plication of diabetes [2]. With the rising prevalence of diabetes and
age distribution shifts, crude rates of amputation are expected to
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increase further. The cost of amputation to the NHS will soon become
overwhelming, due high procedural costs, expensive supplementary
care, and the loss to the working adult population.

It is estimated that every 20 s an amputation secondary to diabe-
tes-related foot disease occurs somewhere in the world [3]. However,
there is variance in the incidence of amputation across and within
countries, including within the UK. National data shows up to a four-
fold variance in the amputation rate throughout the regions of Eng-
land [4] and differences in amputation incidence have been reported
in Scotland and Ireland. As variance in amputation rates are seen
between and within countries the first step in addressing these issues
is to accurately identify the amputation rates within a population. At
present there are no published data on diabetes-related amputations
in Wales, and literature reporting the incidence of amputation in any
population within Wales are lacking [5,6]. Establishing time trends
from the available data from within the UK is difficult due to method-
ological differences in definitions of age groups, populations and
amputation, variance in the use of standardisation, as well as differ-
ing methods in the presentation of results. There is marked variability
in the incidence rates between health trusts within England [7,8] and
regions of Scotland [9]. It is not possible to assume that rates in
England will be comparable to rates within Wales.

At present there is no study that has examined the incidence rate
of lower extremity amputation within the Welsh population.
Although a number of strategies to improve amputation rates in the
diabetes population have been introduced regionally [10] and nation-
ally [11], changes in amputation rates over time have not been
explored. Our aim was to examine trends in diabetes and non-diabe-
tes related lower extremity amputation incidence and to determine
the influence of diabetes on the relative risk of amputation in the
Welsh population.

Methods

Ethics approval

Approval for the use of anonymised data in this study, provisioned
within the Secure Anonymised Information Linkage (SAIL) Databank
was granted by an independent Information Governance Review
Panel (IGRP) under project 0716. The IGRP has a membership com-
prised of senior representatives from the British Medical Association
(BMA), the National Research Ethics Service (NRES), Public Health
Wales and Digital Health and Care Wales (DHCW). Usage of addi-
tional data was granted by the data owner. The SAIL Databank follows
the General Data Protection Regulations (GDPR) and is UK Data Pro-
tection Act compliant.

Data

Data were extracted from SAIL, a repository of routine medical
data primarily focused on the residents of, or people receiving serv-
ices in Wales from primary, secondary and outpatient settings.
Patients are represented within the database by an anonymised link-
ing field (ALF), based on their NHS number, name, sex, date of birth
and postcode. This allows researchers to track a person’s interaction
with any service, intervention or dataset and accurately link these
within the databank [12]. It allows for construction of population
level patient cohorts. People in the SAIL databank without an ALF
were excluded from the study.

This study primarily used clinical data from the Welsh Longitudi-
nal General Practice database (WLGP) the Patient Episode Database
for Wales (PEDW) and the Outpatient Database for Wales (OPDW).
Nonclinical data were extracted from the Office of National Statistics
(ONS) annual district birth extract (ADBE) and annual district death
extract (ADDE) as well as the Welsh Demographic Service Database
(WDSD). Any events, admissions or services received prior to
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December 2018 were included. Persons without a documented week
of birth (WOB) were not included.

Amputation

All amputations in persons aged over 17 years between 2008 and
2018 were identified, regardless of cause, in line with other national
publications and Public Health England (PHE) analysis [7,8,13].
PEDW was used to identify amputations using relevant classification
of Office of Population, Census and Surveys interventions and proce-
dures version 4 (OPCS4) codes. PEDW summarises all standard hospi-
tal admissions and day-case activity undertaken in NHS Wales, plus
data on Welsh residents treated in English NHS Trusts [14]. It
includes demographic data, diagnosis (primary, related and associ-
ated using International Classification of Diseases 10 (ICD10) codes)
and procedures (coded using OPCS4 codes). Amputations were
defined as major if above the ankle (OPCS4 codes: X09:X095, X098,
X099) and minor if through or below the ankle (X10:X11.9) [15].
Procedures on amputation stumps (X12), which included re-amputa-
tions at a higher level were not included in the incidence rates but
were used within the observation period to identify a history of
amputation. Amputations were identified as incident if no record of
amputation was found within the 5 years prior to the amputation of
interest [16]. Amputation type was determined within the lookback
period and a person was included in the incident major amputation
analysis if they had previously undergone a minor amputation but
not if the opposite was true due to the aetiology of the amputation
types. Laterality, the side on which the procedure was performed,
was not assigned as there were no data available on the accuracy or
frequency of laterality codes used within PEDW.

Diabetes

People with diabetes were identified using an established algo-
rithm [17,18] utilising linked data from several clinical and non-clini-
cal sources within SAIL (WLGP, PEDW). People were classified as
having diabetes if a diabetes code was present across any of the data-
bases. To assess for the accuracy of the algorithm in T1DM, it was val-
idated using data from a local diabetes register for children with
diabetes in Wales. Those in the study population were included in
the WDSD at entry into the study and either remained in Wales for
the study period or were censored as they died or moved out of
Wales. People were considered to have diabetes from first registra-
tion of diabetes; patients with gestational diabetes were excluded
unless the person went on to develop T2DM.

Analysis

All analysis was undertaken using R (R version 3.6.1, 2019) and
figures were produced using the package ggplot2 [19].

The incident amputation number, crude rate and age-sex standar-
dised rates of minor and major amputations with 95% confidence
intervals ([]) were calculated for the entire population (amputation
rate total, ARt), population with diabetes (amputation rate diabetes,
ARd) and population without diabetes (amputation rate non diabetes,
ARn). The annual amputation rate (AR) per 10 000 person years (PY)
was estimated with number of incident or total amputations per indi-
vidual as the numerator. The denominator was derived from ONS
Wales mid-year population estimates [20]. The denominator for the
diabetes population was the cumulative person years at risk for all
people identified as having diabetes in the respective year. The age-
specific non-diabetes population was then obtained by removing the
age-specific diabetes population from the ONS entire population esti-
mate. Annual direct age-sex-standardised rates for the whole popula-
tion were calculated using the age categories 17−24, 25−44, 45−64,



J. Hayes, J. Rafferty, W. Cheung et al. Diabetes Epidemiology and Management 11 (2023) 100144
65−74, 75−84 and 85+ years. The ONS Wales mid-year population
estimate for 2013 was used as the population for standardisation.

The incident major and minor amputation rate was computed
counting only first major or minor amputations occurring per person
within the period if a previous amputation had not occurred within
the lookback period. If an incident major and incident minor amputa-
tion occurred in the same person with diabetes within 1 year, the
patient was counted in both incident minor and incident major anal-
ysis only if the minor amputation preceded the major amputation.
An amputation was determined to be attributable to diabetes if the
person was identified as having diabetes prior to or within 3 months
of amputation, as per previous publication [9].

Amputation rate ratios were calculated for diabetes and non-dia-
betes populations using the direct standardised rates (DSR). Confi-
dence intervals for the DSRs were calculated using Dobson & Byar’s
method [21]. Standard errors for directly standardised rates were cal-
culated in the package using Chiang’s method [22]. The relative risk
of an individual with diabetes undergoing amputation compared
with that of an individual without diabetes was calculated with confi-
dence intervals calculated using the delta method [21].

To assess for changes in the rate of amputation over the period,
Poisson regression was used to look at the effect of year on amputa-
tion and all models were assessed for over dispersion. The indicator
values in each year were compared to the baseline incidence in 2008.
Each indicator had a value of one for the year 2008 and changes were
measured in relation to the baseline year.
Results

Complete study population and crude amputation number

Between the period of 2008−2018, 4335 incident minor amputa-
tions (2535 diabetes, 1800 non diabetes) and 3505 incident major
amputations (1736 diabetes, 1769 non diabetes) occurred. A descrip-
tion of all incident amputation over the period is shown in Table 1.
The crude diabetes prevalence over the 10-year period increased by
2.1% from 5.9% in 2008 to 8.0% of the whole population in 2018. The
diabetes population greater than 17 years of age increased by 29.4%
from 143,595 in 2008 to 206,818 in 2018. Over half (n = 3579) of the
people undergoing amputation over the entire period had a diagnosis
of diabetes. A higher proportion of men undergoing amputation had a
diagnosis of diabetes (61.9%) compared to women (45.1%). This was
consistent over the period.

62.7% of incident amputations occurred in those aged over
65 years (61.3% diabetes, 64.2% non-diabetes). There was a higher
incidence of amputation in males with diabetes compared to females
(3.00 95% CI [2.91−3.08]) which was higher than the incidence ratio
seen in the non-diabetes population (1.52 [1.46−1.58]). There was an
excess of minor amputations in those with diabetes compared to
those without with a higher major to minor amputation incidence
rate ratio (1.87 [1.81−1.93] vs 1.04 [0.99−1.08] respectively).

In both diabetes and non-diabetes the crude incidence rate of
major amputations decreased from 10.7 to 6.7 and 0.8 to 0.7 respec-
tively, and minor amputations increased slightly from 13.8 to 14.2
with diabetes population but remained similar in those without dia-
betes at 0.7 between 2008 and 2018.
Incidence rate of major and minor lower limb amputation in the
population with and without diabetes and the influence of
diabetes on risk of amputation

The age and sex standardised AR as well as the relative risk of
amputation in the population with diabetes compared to those with-
out diabetes for each calendar year are shown in Fig. 1. The results of
the fully adjusted Poisson models are shown in Table 2.
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In the total population the rate of incident major amputation (1.3
[1.2−1.3]/10 000 PY) was lower than that of incident minor amputa-
tion (1.6 [1.5−1.6]/10 000 PY). For major and minor amputation, the
rate was higher for men. Over the 11-year period, when controlling
for population changes in age and gender, there was no significant
change in the rate of incident minor amputation in the whole popula-
tion. There was a statistically significant rate reduction for incident
major amputation reducing from 1.5 [1.3−1.6]/10 000 PY in 2008 to
1.1 [1.0−1.1]/10 000 PY in 2018. When stratified by gender the rate
change was only significant for men.

PWD underwent a greater number of incident amputations, how-
ever, as in the total population, the rate of incident major amputation
(5.8 [5.4−6.2]/10 000 PY) was lower than that of incident minor
amputation (9.5 [7.8−11.5]/10 000 PY). Again, as in the whole popu-
lation, the rate of amputation was higher for men. Over the period
there was no statistically significant change in the standardised rate
of any incident minor amputations per year in the diabetes popula-
tion, despite the increase in the crude rate and total number of people
undergoing amputation. Poisson regression analysis identified a sig-
nificant decrease in the incidence of major incident amputation after
adjustment for age and sex (Table 2). There was a rate reduction in
the number of incident major amputations in the diabetes population
from 6.9 [5.5−8.5]/10 000 PY in 2008 to 4.9 [5.4−6.2]/ 10 000 PY in
2018 corresponding to a 30% relative risk reduction between the two
years (Fig. 1b). When stratified by gender the rate of change was
greater in women but significant for both genders. The rate of minor
amputation in the diabetes population remained stable over the
period.

For major amputation the risk of incident amputation in people
with diabetes was 7.3-fold higher [7.1−7.5] than in those without.
When stratified by gender the relative risk of major amputation
associated with diabetes was higher for women (10.0 [9.6−9.5]) than
men (7.5 [7.3−7.7]). For minor amputations the risk of incident
amputation with diabetes was 11.9-fold higher [11.8 �1.01] than
without diabetes. When stratified by gender the relative risk of minor
amputation in the diabetes population was higher for men (14.8 [14.6
−15.0]).

The non-diabetes population underwent fewer incident amputa-
tions and the rate of incident major (0.8 [0.7- 0.8]/10 000 PY) and
minor (0.8 [0.7−0.8]/10 000 PY) amputation was the same. Again, the
rate of amputations for the whole period was higher for men. There
was an increase in the crude number of people undergoing incident
amputation over the 11 years but there was no significant change in
the age-sex standardised amputation rate for incident amputation.
Poisson regression analysis showed no significant decrease in inci-
dence of amputation per year after adjustment for age and sex.
Despite no reduction in the total incident major amputation rate, in
the gender stratified analysis there was a significant reduction in the
rate of major amputations in men without diabetes from 0.9 [0.8
−1.1]/ 10 000 PY in 2008 to 0.7 [0.6−0.8]/ 10 000 population years in
2018. A 22.2% relative risk reduction.

The incidence of incident major and minor amputation was signif-
icantly higher within the male population. The age standardised rate
of any amputation type was 2−3-fold higher amongst men compared
to women, in both those with and without diabetes. This was consis-
tent over the period and the overall rate of change did not differ sig-
nificantly between genders in minor amputation.

Discussion

This national study was the first performed to quantify the inci-
dence of amputation in both the diabetes and non-diabetes popula-
tions in Wales. In all populations the crude number of major
amputations fell across the period and the minor amputation rates
increased although not as prominently in the population without dia-
betes. Despite the population with diabetes representing only 7% of



Table 1
Number and crude incidence of all incident amputations between 2008 and 2018 in the population with and without diabetes per year.

Population Year

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Diabetes Major number (%) 154 (45.6) 153 (49.4) 152 (49.2) 168 (51.2) 176 (50.6) 146 (48.3) 169 (54.0) 154 (47.4) 170 (50.1) 157 (51.8) 137 (47.2)
Minor number (%) 198 (55.0) 205 (55.1) 201 (55.5) 196 (58.5) 192 (52.6) 237 (58.5) 236 (59.3) 277 (62.4) 283 (61.1) 221 (59.2) 289 (63.1)
Person Years (%) 143,595 (5.9) 151,174 (6.2) 159,327 (6.5) 166,820 (6.8) 173,975 (7.0) 180,024 (7.2) 186,599 (7.5) 191,726 (7.6) 197,084 (7.8) 200,167 (7.9) 203,302 (8.0)
Major Crude

incidence*
10.7 10.1 9.5 10.1 10.1 8.1 9.1 8.6 8.6 7.8 6.7

Minor Crude
incidence*

13.8 13.6 12.6 11.7 11 13.2 12.6 14.4 14.4 11 14.2

Non Diabetes Major number (%) 184 (54.4) 157 (50.6) 157 (50.8) 160 (48.8) 172 (49.4) 156 (51.7) 144 (46.0) 171 (52.6) 169 (49.9) 146 (48.2) 153 (52.8)
Minor number (%) 162 (45.0) 167 (44.9) 161 (44.5) 139 (41.5) 173 (47.4) 168 (41.5) 162 (40.7) 167 (37.6) 180 (38.9) 152 (40.8) 169 (36.9)
Person Years (%) 2,283,246 (94.1) 2,291,694 (93.8) 2,296,628 (93.5) 2,303,743 (93.2) 2,306,569 (93.0) 2,309,233 (92.8) 2,314,088 (92.5) 2,316,170 (92.4) 2,324,189 (92.2) 2,331,696 (92.1) 2,339,817 (92.0)
Major Crude

incidence*
0.8 0.7 0.7 0.7 0.7 0.7 0.6 0.7 0.7 0.6 0.7

Minor Crude
incidence*

0.7 0.7 0.7 0.6 0.8 0.7 0.7 0.7 0.8 0.7 0.7

(%): percentage of total population;.
* : per 10,000 person years of the population at risk.
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Fig. 1. Time trend of age-sex standardised incident amputation rate of (A) major amputation (B) minor amputation with 95% CI.
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the total population, over 50% of the incident amputations performed
over the period were on PWD.

As expected, directly standardised amputation rates in the popu-
lation with diabetes were considerably higher compared to those in
the population without diabetes. This was apparent across all ampu-
tation types with particularly high standardised rates for minor
amputations in men when compared to the non-diabetes population.
Despite the introduction of several strategies to reduce amputation
rate, the relative risk of any amputation associated with diabetes did
not change significantly over the study period. However, when
adjusted for age and sex, the incidence of incident major amputations
in the male diabetes and non-diabetes population and in the female
diabetes population decreased over the period. There was no signifi-
cant change in incident minor amputation rates for any population
when looking at Wales as whole. As expected, amputation risk
increased significantly with age, however, age had a much greater
effect on risk of amputation in the non-diabetes population. The risk
for amputation of any type was higher in men than women.

Comparing the outcomes of this analysis to other published stud-
ies examining amputation rates is made difficult by variance in study
design. A recent systematic review [23] highlighted the methodologi-
cal differences in studies examining the epidemiology of lower limb
amputations in England. There was variance in amputation
5

definition, numerator type and denominator definition and use of
standardisation of rates. If only crude rates are used it is not possible
to make comparisons due to differences in population structure.
There was variance in the populations used to standardise, resulting
in marked variance in major lower extremity amputation prevalence
from 3.0 to 76.1/100 000 PY in the whole English population and 0.7
to 332.4/100 000 PY in the diabetes population. This study analysed
incident amputation rate primarily, as amputations are not indepen-
dent events with initial amputation a significant predictor of future
amputation [24].

Major lower limb amputations are viewed as an adverse outcome
of diabetes and are associated with poor survival rates and reduced
quality of life. They are often used as a measure of the quality of foot
care services, as an outcome indicator for the comprehensive chain of
service from prevention of foot problems to cardiovascular risk man-
agement and vascular surgical care. For the whole of Wales, for the
rolling period of 2016−2018 in the population with diabetes we
found a total major amputation rate of 6.7 [6.0−7.5]/10 000 PY. This
was lower than the findings from the PHE analysis of major amputa-
tions in England which reported a rate of 8.2/10 000 PY for the period
of 2015/16 to 2017/18 [8], with no reported change in the rate of inci-
dent major amputation over the period of 2013/2014 to 2017/2018 in
the population with diabetes. The reduction in age and sex



Table 2
Incident rate ratios (IRR) of incident lower- extremity amputation per year adjusted for age, sex and presence of diabetes.

Independent Variable Total Total Total Men Women

Men Women Diabetes No Diabetes Diabetes No Diabetes Diabetes No Diabetes
IRR [95% CI] IRR [95% CI] IRR [95% CI] IRR [95% CI] IRR [95% CI] IRR [95% CI] IRR [95% CI] IRR [95% CI] IRR [95% CI]

Major amputation

Yeara 0.97 [0.95−0.99]* 0.97 [0.95−0.99]* 0.97 [0.95−1.00] 0.96 [0.95−0.97]* 0.98 [0.97−1.00] 0.96 [0.95−0.98]* 0.98 [0.96−0.99]* 0.95 [0.93−0.98]* 0.99 [0.97−1.01]
Diabetes(Y vs N) 6.51 [5.73−7.41]* 6.55 [5.59−7.68]* 6.43 [5.19−7.96]* − − − − − −
Gender (M vs W) 2.19 [1.94−2.46]* − − 2.01 [1.83−2.22]* 2.35 [2.15−2.58]* − − − −
Age (years)b

45−64 4.3 [3.54−5.24]* 4.55 [3.61−5.75]* 3.72 [2.59−5.36]* 3.32 [2.45−4.48]* 3.23 [2.76−3.77]* 3.98 [2.96−5.35]* 3.41 [2.84−4.09]* 2.44 [1.41−4.21]* 2.83 [2.10−3.81]*
65−74 7.55 [6.39−9.93]* 7.45 [6.13−9.06]* 7.81 [5.68−10.74]* 3.66 [2.70−4.95]* 8.41 [7.16−9.88]* 4.36 [3.23−5.89]* 8.13 [6.75−9.78]* 2.75 [1.61−4.69]* 9.00 [6.48−12.48]*
74−85 11.13 [9.12−13.59]* 11.04 [8.62−14.14]* 11.3 [8.02−15.91]* 4.22 [3.10−5.74]* 17.11 [14.55−20.1]* 5.12 [3.77−6.94]* 17.02 [14.01−20.68]* 3.02 [1.74−5.24]* 17.31 [12.71−23.56]*
85+ 13.33 [10.28−17.27]* 12.93 [9.34−17.92]* 13.71 [8.89−21.17]* 3.68 [2.60−5.21]* 25.96 [21.4−31.46]* 4.87 [3.32−7.12]* 24.28 [19.33−30.48]* 2.32 [1.33−4.06]* 27.93 [19.76−39.48]*

Minor amputation

Yeara 1.00 [0.98−1.02] 1.01 [0.98−1.03] 0.98 [0.96−1.01] 1.00 [0.99−1.02] 1.00 [0.98−1.01] 1.01 [0.99−1.02] 1.01 [0.98−1.03] 0.99 [0.96−1.02] 0.98 [0.96−1.00]
Diabetes(Y vs N) 10.15 [8.63−1.19]* 13.3 [10.89−16.24]* 6.28 [4.96−7.94]* − − − − − −
Gender (M vs W) 1.91 [1.67−2.19]* 2.40 [2.14−2.69]* 1.49 [1.35−1.65]* − − − −
Age (years)b

45−64 4.08 [3.16−5.28]* 3.67 [2.70−4.99]* 4.54 [3.12−6.62]* 1.99 [1.60−2.47]* 3.39 [2.82−4.07]* 2.03 [1.56−2.63]* 3.02 [2.37−3.85]* 1.91 [1.30−2.79]* 4.18 [3.40−5.16]*
65−74 5.91 [4.67−7.49]* 4.77 [3.57−6.36]* 8.23 [5.85−11.58]* 1.80 [1.46−2.22]* 9.49 [7.90−11.40]* 1.88 [1.45−2.44]* 7.78 [6.30−9.61]* 1.58 [1.11−2.26] 12.97 [1.01−1.67]*
74−85 8.03 [6.16−10.48]* 6.08 [4.35−8.51]* 12.6 [8.80−18.05]* 2.06 [1.66−2.57]* 18.04 [15.1−21.49]* 2.08 [1.59−2.72]* 14.84 [11.92−18.48]* 2.02 [1.41−2.89]* 24.24 [19.54−30.07]*
85+ 8.98 [6.55−12.3]* 7.32 [4.78−11.21]* 12.49 [8.27−18.87]* 1.81 [1.43−2.30]* 25.34 [20.4−31.46]* 1.95 [1.47−2.59]* 25.76 [18.94−35.03]* 1.56 [1.05−2.31] 28.32 [21.92−36.58]*
a IRR per 1 year increment.
b Reference category 17−44 years.
* statistically significant p<0.05. IRR- Incidence Rate Ratio.

6

J.H
ayes,J.Rafferty,W

.Cheung
etal.

D
iabetes

Epidem
iology

and
M
anagem

ent11
(2023)

100144



J. Hayes, J. Rafferty, W. Cheung et al. Diabetes Epidemiology and Management 11 (2023) 100144
standardised major amputation rate in the male and female popula-
tion with diabetes in Wales could be seen as a positive indicator of
improvement in services within Wales. It is suggestive that national
campaigns such as the introduction of markers in quality and out-
comes framework (QOF), annual audits and campaigns such as ‘Put-
ting Feet First’ are having an effect in Wales. This, however, was not
reflected in the findings in the non-diabetes population and when
stratified by gender, specifically the female population.

Women make up a greater proportion of the elderly population of
Wales but even after age standardisation, the rate of risk reduction
was not equal. Women have been found to have a higher rate of
asymptomatic PVD [25]. This can result in delayed diagnosis and
missed opportunities for revascularisation, with women more likely
to present with critical limb ischaemia. This study did not explore dif-
ferences in revascularisation rates over the period. This may explain
the variance between genders and could be a contributing factor to
the reduction in major amputation rates [7].

In our study, relative risk of major amputation associated with
diabetes was higher than that reported in the PHE analysis at 8.0 [7.9
−8.1] over the period. In the literature the relative risk of amputation
associated with diabetes for England has been reported as ranging
between 7.4 and 41.3 [23]. The variation may be explained by differ-
ences in study design and definitions used, making comparison diffi-
cult. Despite this, rates of amputation are still considerably higher
within the diabetes population and with the consensus that most
major amputations in PWD are preventable, the slow decline in inci-
dent amputation rate in this population is disappointing.

A strength of this study was the use of the SAIL databank to iden-
tify people with diabetes as it was possible to use primary, secondary
and prescription data in the classification. In many studies from Eng-
land an ICD-10 code at time of amputation were used to identify
diagnosis of diabetes, or one data source or whole population QOF
data was used, which meant age and sex specific rates of diabetes
had to be stratified. This could lead to an underestimation of the
denominator and an inflated crude and standardised amputation rate
in the diabetes population. The use of an accurate algorithm for diag-
nosis of diabetes with an adequate lookback period could explain the
lower major and minor amputation rates. Further investigation is
required to explore disparities in rates of change between the gen-
ders and if there is variance in the regions of Wales as reported in the
other countries of the UK.

There are limitations to this study. An increased incidence of dia-
betes may explain some of the reduction in amputation incidence
rate, as major amputation is an end-stage process and an increase in
the number of newly diagnosed, relatively healthy people within the
denominator may mean the rates do not reflect a true reduction in
amputation rate. The use of the whole Welsh population for stand-
ardisation partially protects against bias caused by a rapidly increas-
ing population with diabetes [26]. Individuals with a missing WOB
were not used in the study as it was not possible to verify records
within SAIL; although the number was small it may be possible that
some amputations were not included. There was also variance in the
coverage of each dataset. The databanks within SAIL that were uti-
lised in the study included 100% of the population of Wales from
1999 apart from the WLGP database which has 80% coverage. The
WLGP data was used for the identification of patients with diabetes
in combination with PEDW data. This may have made the classifica-
tion of diabetes less accurate in a cohort of patients in the study, how-
ever, the numbers of persons with diabetes were within 5% of the
published population data from Diabetes UK.

No adjustment was made for history of cardiovascular or cerebro-
vascular disease or rates of prior peripheral vascular disease or endo-
vascular intervention, well known risk factors for lower extremity
amputation. However, there has been no significant change in the
rate of CVD over the period suggesting this would not influence the
time trend for lower extremity amputation [27].
7

In summary, the present study is the largest study of lower limb
amputation rates and corresponding time trends within the popula-
tion with and without diabetes and is the first nationwide study of
amputation rates in the Welsh population over any time. The ampu-
tation rate within the population with diabetes remained higher over
the whole study period however, promisingly, we did identify some
reduction in the rate of major amputation for this population. As
national programmes directed at reducing amputation rates con-
tinue, the need for ongoing monitoring of amputation rates is inte-
gral.
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