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Abstract
Aims/hypothesis Diabetic foot disease (DFD) is a leading cause of hospital admissions and amputations. Global trends in diabetes-
related amputations have been previously reviewed, but trends in hospital admissions for multiple other DFD conditions have not. This
review analysed the published incidence of hospital admissions for DFD conditions (ulceration, infection, peripheral artery disease
[PAD], neuropathy) and diabetes-related amputations (minor and major) in nationally representative populations.
Methods PubMed and Embase were searched for peer-reviewed publications between 1 January 2001 and 5May 2022 using the
terms ‘diabetes’, ‘DFD’, ‘amputation’, ‘incidence’ and ‘nation’. Search results were screened and publications reporting the
incidence of hospital admissions for a DFD condition or a diabetes-related amputation among a population representative of a
country were included. Key data were extracted from included publications and initial rates, end rates and relative trends over
time summarised using medians (ranges).
Results Of 2527 publications identified, 71 met the eligibility criteria, reporting admission rates for 27 countries (93% high-income
countries). Of the included publications, 14 reported on DFD and 66 reported on amputation (nine reported both). The median
(range) incidence of admissions per 1000 person-years with diabetes was 16.3 (8.4–36.6) for DFD conditions (5.1 [1.3–7.6] for
ulceration; 5.6 [3.8–9.0] for infection; 2.5 [0.9–3.1] for PAD) and 3.1 (1.4–10.3) for amputations (1.2 [0.2–4.2] for major; 1.6 [0.3–
4.3] for minor). The proportions of the reported populations with decreasing, stable and increasing admission trends were 80%,
20% and 0% for DFD conditions (50%, 0% and 50% for ulceration; 50%, 17% and 33% for infection; 67%, 0% and 33% for PAD)
and 80%, 7% and 13% for amputations (80%, 17% and 3% for major; 52%, 15% and 33% for minor), respectively.
Conclusions/interpretation These findings suggest that hospital admission rates for all DFD conditions are considerably higher
than those for amputations alone and, thus, the more common practice of reporting admission rates only for amputations may
substantially underestimate the burden of DFD.While major amputation rates appear to be largely decreasing, this is not the case
for hospital admissions for DFD conditions or minor amputation in many populations. However, true global conclusions are
limited because of a lack of consistent definitions used to identify admission rates for DFD conditions and amputations, alongside
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a lack of data from low- and middle-income countries. We recommend that these areas are addressed in future studies.
Registration This review was registered in the Open Science Framework database (https://doi.org/10.17605/OSF.IO/4TZFJ).

Keywords Admissions . Amputations . Diabetes complications . Diabetes mellitus . Diabetic foot . Diabetic foot disease .

Diabetic foot ulcer . Epidemiology . Hospitalisations . Review

Abbreviations
DFD Diabetes-related foot disease
IWGDF International Working Group on the Diabetic Foot
OECD Organisation for Economic Co-operation and

Development
PAD Peripheral artery disease

Introduction

Diabetes is now the eighth leading, and most rapidly growing,
cause of the global disease burden [1, 2]. Diabetes-related foot
disease (DFD) is the leading cause of the diabetes disability
burden [3–5]. DFD is defined by ulceration, infection or other
destructive conditions of the foot in people with diabetes and
is precipitated by the risk factors peripheral neuropathy and
peripheral artery disease (PAD) [6, 7]. DFD takes months to
heal, is intensive to treat and places people at high risk of
hospital admission and amputation [8–11]. It has been esti-
mated that 20 million people worldwide have DFD, with a
further 130 million having a key risk factor for DFD, resulting
in around nine million hospital admissions and 2 million
amputations each year [3–5, 9].

DFD has long been known to be the leading cause of ampu-
tations [3–5]. For this reason, and because data on amputation
procedures are relatively easily and reliably collected [12–14],
the incidence of hospital admissions in which an amputation
procedure has occurred has been used as the primary measure
to monitor DFD burden [15–17]. Previous reviews have
suggested that trends in the incidence of admissions for
diabetes-related major amputations (above ankle) are decreas-
ing over time, whereas admissions for minor amputations
(below ankle) are increasing over time [15–17]. These previ-
ous reviews infer that DFD care must be improving, with
hospital treatments such as minor amputation procedures
more commonly achieving limb salvage and reductions in
major amputation admissions [12–14]. However, these
reviews have investigated admissions for amputations only
[15, 16] and not considered any of the multiple other DFD
conditions such as ulceration or infection. Furthermore, the
last review to primarily investigate global amputation trends
was published over a decade ago [17].

Amputations are now performed in a minority of people
admitted to hospital for treatment of DFD, because other treat-
ments such as antibiotics and revascularisation are being used

more effectively to salvage limbs [5, 9, 18, 19]. However, DFD
has recently been reported as a leading and growing cause of all
hospital admissions in high-income countries [8–10, 18]. As
most hospital admissions for DFD are now unrelated to ampu-
tation, the burden of DFD may be better assessed through
hospital admission rates for all DFD conditions, in line with
methods used to monitor other diseases [20–23]. The primary
aim of this review was to synthesise the findings from peer-
reviewed publications reporting the incidence of hospital
admissions for DFD conditions or for diabetes-related
amputations in nationally representative populations.
Secondary aims included reviewing the incidence of or
trends in hospital admissions for different classification
groups, including DFD condition, amputation procedure,
age, sex, diabetes type and country.

Methods

For this narrative review, we systematically searched PubMed
and Embase to identify peer-reviewed publications reporting
the incidence, or trends in the incidence, of hospital admis-
sions for DFD conditions or diabetes-related amputation
procedures in nationally representative populations between
1 January 2001 and 5May 2022. This period was selected as it
followed the publication of the first practice guidelines by the
International Working Group on the Diabetic Foot (IWGDF)
in 1996, which is likely to have substantially changed inter-
national practice [19]. We used search strings combining
keywords for DFD conditions OR amputation procedures,
incidence OR trend AND nation OR country (electronic
supplementary material [ESM] Tables 1 and 2), which had
been shown to identify ten key eligible publications [3,
23–31]. This review was registered in the Open Science
Framework database (https://doi.org/10.17605/OSF.IO/
4TZFJ).

Eligible publications were those reporting the incidence of
hospital admissions for DFD conditions or diabetes-related
amputations among a population considered representative
of a country. Hospital admission for a DFD condition was
defined as admission of a person with diabetes as an inpatient
with a principal (primary reason for the admission) or addi-
tional (secondary reason for the admission) diagnosis of a
DFD condition [9, 32]. A DFD condition was defined as
ulceration, infection, PAD or neuropathy of the foot or lower
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extremity in a person with diabetes [6, 7]. An amputation was
defined as any resection of a lower extremity through a bone
or joint during a hospital admission of a person with diabetes.
Amputations were categorised as major (proximal to the
ankle) or minor (through or distal to the ankle) [6, 7].
Incidence rates in this review are reported for principal or
any (principal or additional diagnosis) admissions for total
DFD conditions combined (where publications reported
aggregated admissions for DFD conditions, including ulcera-
tion and infection as a minimum) or for ulceration, infection,
PAD or neuropathy separately (where publications reported
these conditions separately). Incidence rates are also reported
for hospital admissions for all amputations combined (where
publications reported aggregated admissions for major and
minor amputations) and for major and minor amputations
separately (when reported separately). In this review, unless
otherwise indicated, reported outcomes refer only to the
primary DFD condition or highest-level amputation procedure
that was investigated for each admission. We considered a
nationally representative population as one that captures
outcomes for at least 50% of the country’s population with
diabetes, or at least 50% of a country’s resident population
(i.e. the total population of all citizens of the country, with
or without diabetes), or as one defined as a nationally repre-
sentative sample according to the publication [16, 33].
Countries were categorised according to the World Bank
income classification into high-, middle- or low-income coun-
tries [34].

Titles and abstracts identified in the searches were screened
using the eligibility criteria by one author (PAL) and the full
texts of eligible publications were retrieved and assessed for
final inclusion by the same author. Relevant reviews identified
in the searches and reference lists of included publications
were also manually searched to identify additional eligible
publications. Data were extracted from included publications
into evidence tables by one author (PAL) and samples of
extracted data were serially checked by another author
(SMC) until no errors were found. Data extracted included
country, study reference, aims, years of data collected, data
sources, type of population, type of incidence, initial rate (the
first incidence rate for the time period reported by the publi-
cation), end rate (the last incidence rate for the time period
reported by the publication), relative trend over time (calcu-
lated descriptively as the percentage change between the
initial rate and the end rate for the period reported) and p value
if reported. Publications reporting similarly defined incidence
rates were descriptively summarised using medians (ranges:
min. value, max. value reported) for initial rates, end rates and
relative trends. For ease of reporting results, we descriptively
defined a decreasing trend as a >5% decrease in relative trend,
an increasing trend as a >5% increase in relative trend and a
stable trend as a ≤5% relative trend in either direction; howev-
er, these rates do not infer statistical significance.

Results

A total of 3990 records were identified as relevant from the
initial searches, resulting in 2527 unique records after dupli-
cate removal. After title and abstract screening, 117 publica-
tions were deemed eligible for full-text assessment, with 57
ultimately included after full-text review. Further manual
searching identified another 14 publications for inclusion,
leading to 71 publications being included in this review. Of
these 71 publications, 14 (20%) reported on admissions for
DFD conditions and 66 (93%) on admissions for amputations
(nine [13%] reported both). Table 1 summarises the main
findings of these publications.

DFD conditions

We found 14 publications reporting the incidence rates of
hospital admissions for DFD conditions (Table 2, ESM
Table 3). Four publications reported incidence rates for total
DFD conditions combined, seven reported rates for ulceration,
three reported rates for infection and four reported rates for
PAD. No publications reported incidence rates for neuropa-
thy. Of the 14 publications, 13 (93%) reported rates using the
population with diabetes as a denominator and two (14%)
reported rates among the resident population (one [7%] report-
ed both). All reported rates for high-income countries, includ-
ing three Asian countries, two European countries, two North
American countries and one Western Pacific country.
Population denominators were identified from national health
insurance databases (57%), national diabetes registries (21%),
national diabetes prevalence surveys applied to national
census databases (14%) and national census databases (7%).
All publications identified incidence of admission for DFD
condition numerators using ICD diagnosis codes (50% used
ICD-9 [http://www.icd9data.com/2007/Volume1/default.
htm] and 50% used ICD-10 [http:/ /apps.who.int/
classifications/icd10/browse/2016/en] diagnosis codes) from
national health insurance databases (57%), national hospital
discharge databases (36%) or national inpatient samples (7%).
All publications reported a mutually exclusive incidence of
admission for a DFD condition, with 36% of publications
reporting only principal admissions where the principal
diagnosis code for the admission was a DFD condition and
the rest (64%) reporting admissions where any (principal or
additional) diagnosis code for the admission was a DFD
condition. Incidence rates were mostly reported as age-
adjusted estimates, which were standardised to national or
regional populations (64%) or the population studied (21%),
with the remainder reported as crude incidence rates (14%).

Total DFD Four publications reported admission rates for total
DFD conditions combined, in six different populations, with
trends over time reported in all (Tables 1 and 2, Fig. 1).
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Table 2 Incidence of hospital admissions for DFD conditions per 1000 person-years with diabetes, unless indicated otherwise

Countrya Studyb Yearsc Populationd Incidencee Initial
ratef

End
rateg

Change
(%)h

p valuei

Per 1000 person-years with diabetes:
Total DFD
USA Harding 2020 [35] 2000–2015 Diabetes (18+ years) DFD 20.70 19.90 –4 –
Taiwan Lin 2019 [36] 2007–2014 Diabetes (type 2) DFD + PAD 13.40j 12.20 –9 –
Hong Kong Wu 2020 [37] 2001–2016 Diabetes (20+ years, men) DFD + PAD (principal) 16.30 10.50 –36 –

2001–2016 Diabetes (20+ years,
women)

DFD + PAD (principal) 8.40 6.40 –24 –

Australia Lazzarini 2015 [32] 2005–2010 Diabetes DFD + PAD + PN (principal) 36.60j 20.90 –43 <0.05
Ulceration
France Fosse-Edorh 2016

[67]
2015 Diabetes Lower extremity ulcer +

osteomyelitis
7.60 – – –

France Fosse-Edorh 2015
[68]

2010–2013 Diabetes Lower extremity ulcer +
osteomyelitis

5.58 6.68 +20 –

France Amadou 2020 [69] 2008–2014 Diabetes Lower extremity ulcer +
osteomyelitis

5.08 7.01 +38 –

USA Benjamin 2015 [38] 2011 Diabetes (18+ years) Lower extremity ulcer
(principal)

6.20 – – –

Hong Kong Wu 2020 [37] 2001–2016 Diabetes (20+ years, men) Lower extremity ulcer
(principal)

2.83 1.85 –35 NS

Diabetes (20+ years,
women)

Lower extremity ulcer
(principal)

1.33 0.60 –55 –

Taiwan Hsieh 2016 [70] 2007–2012 Diabetes (18+ years, type 2k) Foot ulcer 2.05j – – –
Infection
Hong Kong Wu 2020 [37] 2001–2016 Diabetes (20+ years, men) Lower extremity infection

(principal)
8.97 6.77 –25 NS

Diabetes (20+ years,
women)

Lower extremity infection
(principal)

3.77 4.89 +30 NS

Hong Kong Luk 2021 [59] 2001–2016 Diabetes (20+ years, men) Foot infection (principal) 7.26 4.44 –39 NS
Diabetes (20+ years,

women)
Foot infection (principal) 4.49 1.95 –57 –

England, UK Pearson-Stuttard
2022 [23]

2003–2018 Diabetes (18+ years, men) Lower extremity infection
(principal)

5.76 6.66 +16 –

Diabetes (18+ years,
women)

Lower extremity infection
(principal)

5.51 5.22 –5 NS

PAD
USA Benjamin 2015 [38] 2011 Diabetes (18+ years) PAD (principal) 3.10 – – –
Hong Kong Wu 2020 [37] 2001–2016 Diabetes (20+ years, men) PAD (principal) 2.99 0.73 –76 –

Diabetes (20+ years,
women)

PAD (principal) 1.80 0.44 –76% –

South Korea Park 2021 [71] 2006–2015 Diabetes (30+ years) PAD revascularisation 2.80 4.60 +64% –
Taiwan Chen 2006 [55] 1997–2002 Diabetes (men) PAD revascularisation 1.15 – – –

Diabetes (women) PAD revascularisation 0.86 – – –
Per 100,000 residents:
Australia Lazzarini 2015 [32] 2005–2010 Residents DFD + PAD + PN (principal) 105.00 81.00 –23% <0.05
Canada Hopkins 2015 [72] 2011 Resident (18+ years) Diabetes-related foot ulcer 88.00j – – –

–, not reported or not applicable; NS, not significant; PN, peripheral neuropathy; (principal), denotes that admissions were for the principal diagnosis of
the DFD condition listed

DFD is defined as at least foot ulcers and/or foot infection (including cellulitis, osteomyelitis)
a Indicates a country that is not classified as a high-income country by the World Bank [34]
b First author and date of publication
c First and last year of the period for which data are reported in the publication
d Population (denominator) used by the publication to calculate the incidence rate; consists of people with diabetes of any type and of any age, unless
otherwise indicated
e Incidence (numerator) used by the publication to calculate the incidence rate(s); consists of hospital admissions for the DFD conditions identified using
a principal or any additional ICD diagnosis code or procedural codes in hospital discharge datasets, unless otherwise indicated
f First incidence rate reported in the publication; reported as the annual age-standardised incidence per 1000 person-yearswith diabetes, unless otherwise indicated
g Last incidence rate reported in the publication; reported as the annual age-standardised incidence per 1000 person-years with diabetes, unless otherwise indicated
h Percentage change in the rates: [(initial rate – end rate)/initial rate] × 100
i p value reported for the percentage change between the initial and end rates only
j Crude incidence calculated from reported population and incidence numbers
k No previous ulcer history
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Principal admissions were reported in four of these popula-
tions (including one in a resident population) and any admis-
sions in two populations. The median (range) initial rate in the
five diabetes populations was 16.3 (8.4, 36.6) per 1000
person-years with diabetes and the median (range) end rate
was 12.2 (6.4, 20.9). The median (range) relative trend was
–24% (–43%, –4%), with trends in four (80%) of the five
populations decreasing and the trend stable in one (20%)
population. Comparing principal admission rates with any
admission rates, the initial rate was similar, the end rate for
principal admission rates was lower and the trend for principal
admission rates was greater (16.3, 10.5, –24% vs 17.1, 16.1, –
7%, respectively).

Ulceration Seven publications reported admission rates for
ulceration conditions, in eight populations, with trends report-
ed in four (Tables 1 and 2, Fig. 1). Principal admissions were
reported in three diabetes populations and any admissions in
five (including one in a resident population). The median
(range) initial rate in the seven diabetes populations was 5.1
(1.3, 7.6) per 1000 person-years with diabetes and the median

(range) end rate was 4.3 (0.6, 7.0). Themedian (range) relative
trend was –7% (–55%, +38%), with trends decreasing in two
(50%) and increasing in two (50%) of the populations studied.

Infection Three publications reported admission rates for
infection conditions, in six populations, with trends reported
in all (Tables 1 and 2, Fig. 1). All reported principal admis-
sions. The median (range) initial rate was 5.6 (3.8, 9.0) per
1000 person-years with diabetes and the median (range) end
rate was 5.1 (2.0, 6.8). Themedian (range) relative trend was –
15% (–57%, +30%), with trends decreasing in three (50%),
stable in one (17%) and increasing in two (33%) populations.

PAD Four publications reported admission rates for PAD
conditions, in six populations, with trends reported in three
(Tables 1 and 2, Fig. 1). Principal and any admissions were
reported in three populations each. The median (range) initial
rate was 2.5 (0.9, 3.1) per 1000 person-years with diabetes and
the median (range) end rate was 0.7 (0.4, 4.6). The median
(range) relative trend was –6% (–76%, +64%), with trends
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2000 2005 2010 2015 2020

Year

Total DFD

Australia
a

Hong Kong, women (20+)

Hong Kong, men (20+)

Taiwan,
a
 type 2 diabetes

USA (18+)

Infection

England, UK, women (18+)

England, UK, men (18+)

Hong Kong, women (20+)

Hong Kong, men (20+)

Ulceration

France

Hong Kong, women (20+)

Hong Kong, men (20+)

PAD

Hong Kong, women (20+)

Hong Kong, men (20+)

South Korea (30+)

Fig. 1 National trends since 2001 in hospital admission rates for DFD
conditions per 1000 person-years with diabetes.When rates are limited to
specific ages, these are shown in years in brackets. Total: total admissions
for DFD conditions, typically including total aggregated admissions for
diabetes-related foot ulcers, infections, PAD and neuropathy. Ulceration:
admissions for diabetes-related foot ulceration, typically including ulcers
of the foot, ankle or lower leg. Infection: admissions for diabetes-related
foot infection, typically including cellulitis and osteomyelitis. PAD:
admissions for diabetes-related PAD, typically including PAD diagnosis
or peripheral revascularisation procedures. Data are from population-
based studies reporting age-standardised incidence rates of hospital
admissions for DFD conditions in national populations with diabetes over

time. The figure is intended to aid interpretation of relative trends over
time between reported initial and end rates; it is not reflective of exact
annual trends and should not be used to compare rates between countries,
as publicationsmay have used different definitions for diagnosis of diabe-
tes and DFD conditions. If multiple publications from the same country
for the same condition were identified, only the publication with the most
recent years of data was included; if multiple publications included the
same years of data, the publication covering more of the population or
condition was favoured (e.g. lower extremity infection was favoured over
foot infection). aUnadjusted rate. This figure is available as part of a
downloadable slideset
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decreasing in two (67%) populations and increasing in one
(33%) population.

Amputations

We found 66 publications reporting the rates of admissions for
amputation, including 42 reporting total, 39 reporting major
and 27 reporting minor amputations (Tables 1 and 3–5, ESM
Table 4). Of the 66 publications, most (80%) reported rates
using the population with diabetes as the denominator, with
the remainder (20%) reporting rates among residents. Nearly
all (92%) reported rates for high-income countries, with the
rest (8%) reporting rates for middle-income countries. No
publications reported rates for low-income countries. Sixteen
European, five Asian, three Western Pacific and three North
American countries were included, with four publications
reporting rates for up to 31 member countries of the
Organisation for Economic Co-operation and Development
(OECD). Population denominators were identified from
national health insurance databases (32%), national diabetes
prevalence surveys applied to national census databases
(29%), national diabetes registries (20%) or national census
databases (20%). Amputation incidence numerators were
identified using procedural codes in national hospital
discharge databases (80%), national inpatient samples (9%),
national health insurance databases (8%) or national surgical
theatre records (3%). All publications reported a mutually
exclusive incidence of admission for the highest amputation
level that occurred in the admission, with 68% including
amputation procedures of any cause in people with diabetes
and the rest (32%) excluding those caused by trauma or malig-
nancy. Incidence rates were mostly reported as age-adjusted
estimates, which were standardised to national or regional
populations (48%) or the population studied (18%), with the
remainder reported as crude incidence rates (33%).

Total amputationsWe found 42 publications reporting admis-
sion rates for total diabetes-related amputations. In total, 35
reported rates among populations with diabetes and 12 report-
ed rates among resident populations (with four reporting on
both) (Table 3). Of the 35 publications reporting rates in 40
different populations with diabetes, 26 reported trends over
time in 30 different populations (Tables 1 and 3). The median
(range) initial rate was 3.1 (1.4, 10.3) total amputation admis-
sions per 1000 person-years with diabetes and the median
(range) end rate was 2.5 (0.6, 7.8). Themedian (range) relative
trend was –27% (–73%, +25%), with trends in 24 (80%) of the
30 populations decreasing, trends in two (7%) stable and
trends in four (13%) increasing. In four publications primarily
reporting rates stratified by sex, male populations had greater
initial and end rates, but the relative trend over time was simi-
lar in male and female populations (6.2, 4.1, –50% vs 3.6, 2.0,
–51%, respectively) (Table 3).

Of the 12 publications reporting rates in 14 different resi-
dent populations (residents with or without diabetes), trends
over time were reported for ten populations (Table 3). The
median (range) initial rate was 0.155 (0.088, 2.700) total
diabetes-related amputation admissions per 1000 residents
and the median (range) end rate was 0.135 (0.050, 0.255).
The median (range) relative trend was –17% (–44%, +40%),
with trends in seven (70%) of the ten populations decreasing
and trends in three (30%) increasing. One publication reported
rates for 26 OECDmember countries, including a mean initial
rate of 0.132 total diabetes-related amputation (excluding toe)
admissions per 1000 adult residents and a mean end rate of
0.078. Of trends reported for 24 of the countries, the mean
relative trend was –41%, with trends in 14 (58%) of the 24
countries decreasing, trends in five (21%) stable and trends in
five (21%) increasing [28].

Major amputations We found 39 publications reporting
admission rates for major diabetes-related amputation, includ-
ing 31 reporting rates among populations with diabetes and 12
reporting rates among resident populations (with four
reporting both) (Table 4). Of the 31 publications reporting
rates in 36 populations with diabetes, 25 reported trends over
time in 30 populations (Tables 1 and 4, Fig. 2a,b). The median
(range) initial rate was 1.2 (0.2, 4.2) major amputation admis-
sions per 1000 person-years with diabetes and the median
(range) end rate was 0.9 (0.2, 1.8). Themedian (range) relative
trend was –35% (–91%, +10%), with trends in 24 (80%) of the
30 populations decreasing, trends in five (17%) stable and
trends in one (3%) increasing.

Of the 12 publications reporting rates in 14 resident popu-
lations, trends over time were reported for nine populations
(Table 4). The median (range) initial rate was 0.069 (0.005,
1.030)major diabetes-related amputation admissions per 1000
residents and the median (range) end rate was 0.064 (0.002,
0.092). The median (range) relative trend was –26% (–69%,
+42%), with trends in seven (78%) populations decreasing,
trends in one (11%) increasing and trends in one (11%) stable.
One publication reported rates for 31 OECD member coun-
tries, including a mean initial rate of 0.074 per 1000 adult
residents and a mean end rate of 0.064. Of trends reported
for 29 of these countries, the mean relative trend was –14%,
with trends in 17 (59%) countries decreasing, trends in seven
(24%) stable and trends in five (17%) increasing [21].

Minor amputations We found 27 publications reporting
admission rates for minor diabetes-related amputations,
including 25 reporting rates among populations with diabetes
and six reporting rates among resident populations (with four
reporting both) (Table 5). Of the 25 publications reporting
rates in 30 populations with diabetes, 22 reported trends over
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Table 3 Incidence of hospital admissions for total diabetes-related amputations per 1000 person-years with diabetes, unless otherwise indicated

Countrya Studyb Yearsc Populationd Incidencee Initial
ratef

End
rateg

Change
(%)h

p valuei

Per 1000 person-years with diabetes:

All ages

Finland Winell 2006 [73] 1988–2002 Diabetes Any (first) 9.24 3.87 –58 –

Romaniaa Veresiu 2015 [52] 2006–2010 Diabetes Any 9.15j 7.79 –15 –

Finland Manderbacka 2016
[57]

1996–2011 Diabetes (men) Any 8.20k ~4.10 –50 –

Diabetes (women) Any 4.10k ~2.00 –51 –

Australia Lazzarini 2015
[32]

2005–2010 Diabetes Any 6.47j 3.88 –40 <0.05

Netherlands Nijenhuis-Rosien
2017 [74]

2007–2011 Diabetes Any 4.32j,k 4.59 +6 –

Australia Morton 2022 [60] 2010–2019 Diabetes (type 1) Any 4.30 5.00 +13 NS

Diabetes (type 2) Any 2.80 3.50 +25 –

Taiwan Chen 2006 [55] 1997–2002 Diabetes (men) Any 4.10 – – –

Diabetes (women) Any 3.17 – – –

Taiwan Sheen 2018 [75] 1998–2007 Diabetes Any 3.79j,k 2.27 –40 –

Taiwan Lai 2015 [76] 2001–2010 Diabetes (type 2) Any 3.08j 1.65 –47 –

Scotland, UK Kennon 2012 [29] 2004–2008 Diabetes Any 3.04j,k 2.13 –30 <0.001

France Amadou 2020 [69] 2008–2014 Diabetes Any 3.01 2.62 –13 –

Taiwan Lin 2019 [36] 2007–2014 Diabetes (type 2) Any (first) 2.85j 2.06 –28 0.001

Canada Imam 2017 [77] 2006–2012 Diabetes Any 2.81 – – –

Germany Icks 2009 [78] 2005–2007 Diabetes Any (first) 2.79 – – –

Poland Walicka 2021 [79] 2010–2019 Diabetes Any 2.60j 2.30 –12 <0.005

Germany Claessen 2018 [80] 2008–2012 Diabetes Any (first) 2.59 2.16 –17 –

France Fosse-Edorh 2016
[67]

2015 Diabetes Any 2.56 – – –

France Fosse-Edorh 2015
[68]

2013 Diabetes Any 2.52 ~2.50 0 –

New Zealand Robinson 2016
[81]

2006–2013 Diabetes (type 2) Any 2.11j – – –

France Fosse 2009 [82] 2003 Diabetes Any 1.58 – – –

Italy Lombardo 2014
[30]

2001–2010 Diabetes Any 1.51k 1.53 +1 –

Ireland Buckley 2012 [83] 2005–2009 Diabetes Any 1.44k 1.76 +22 0.11

Adults

USA Wang 2009 [58] 1998–2006 Diabetes (18+ years, men) Any 10.30 6.50 –37 <0.01

Diabetes (18+ years,
women)

Any 6.20 3.30 –47 <0.01

USA Li 2012 [26] 1988–2008 Diabetes (40+ years) Any 9.30k 3.90 –58 <0.05

USA Shrestha 2019 [22] 2001–2014 Diabetes (18+ years) Any 6.30j 4.60 –27 <0.001

USA Gregg 2014 [20] 1990–2010 Diabetes (20+ years) Any 5.84k 2.84 –51 <0.001

USA Geiss 2019 [24] 2000–2015 Diabetes (18+ years) Any 5.38k 4.62 –14 –

Hong Kong Wu 2020 [40] 2001–2016 Diabetes (20+ years, men) Any 3.60k 1.17 –68 <0.05

Diabetes (20+ years,
women)

Any 2.16k 0.59 –73 <0.05

USA Khavjou 2019 [84] 2011–2014 Diabetes (18+ years) Any 3.40j – – –

USA Benjamin 2015
[38]

2011 Diabetes (18+ years) Any 3.40k – – –

Sweden Ólafsdóttir 2019
[85]

1998–2013 Diabetes (18+ years, type 1l) Any 3.09 2.64 –15 NS

Spain González-Touya
2021 [86]

2001–2015 Diabetes (18+ years) Any 2.96j 2.59 –13 <0.05
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Table 3 (continued)

Countrya Studyb Yearsc Populationd Incidencee Initial
ratef

End
rateg

Change
(%)h

p valuei

Sweden Hallstrōm 2021
[25]

1998–2019 Diabetes (18+ years, type 1l) Any (first) 2.84 1.64 –42 –

England, UK Vamos 2010 [31] 2004–2008 Diabetes (18+ years) Any 2.75k 2.50 –9 –

England, UK Holman 2012 [87] 2007–2010 Diabetes (17+ years) Any 2.51j – – –

Per 100,000 residents:

All ages

Marshall
Islandsa

Kool 2019 [50] 2015 Residents Any 270.00j – – –

Finland Winell 2013 [88] 1997–2007 Residents Any 24.60k 22.50 –9 <0.001

Residents Any (first) 14.70k 13.50 –14 <0.001

Australia Lazzarini 2015
[32]

2005–2010 Residents Any 18.60 15.00 –19 <0.05

Romaniaa Veresiu 2015 [52] 2006–2010 Residents Any 18.20j 25.50 +40 –

Australia Dillon 2017 [89] 2007–2012 Residents Any 16.50j – – –

Canada Imam 2017 [77] 2006–2012 Residents Any 15.00 – – –

Italy Lombardo 2014
[30]

2001–2010 Residents Any 12.00k 13.40 +12 –

Scotland, UK Kennon 2012 [29] 2004–2008 Residents Any 11.00j,k 8.53 –22 <0.001

Adults

Thailanda Laowahutanon
2021 [51]

2009–2016 Residents (15+ years) Any 14.00 17.00 +21 –

OECD Carinci 2016 [28] 2000–2011 Residents (15+ years) Any (excluding toe
amputations; mean OECD
countries)

13.20k 7.80 –41 –

OECD Squires 2011 [90] 2007 Residents (15+ years) Any (excluding toe
amputations; median
OECD countries)

12.00 – – –

Israel Calderon-Margalit
2018 [54]

2000–2012 Residents (18–74 years,
men)

Any 15.90 12.00 –25 0.01

Residents (18–74 years,
women)

Any 8.83 4.95 –44 0.16

–, not reported or not applicable; ~, rate approximated from graph/figure in publication; NS, not significant
a Indicates a country that is not classified as a high-income country by the World Bank [34]
b First author and date of publication
c First and last year of the period for which data are reported in the publication
d Population (denominator) used by the publication to calculate the incidence rate; consists of people with diabetes of any type and of any age, unless
otherwise indicated
e Incidence (numerator) used by the publication to calculate the incidence rate(s); consists of the highest amputation procedure recorded during a
hospitalisation as identified using any procedural codes in hospital discharge datasets, with ‘total amputation’ defined as ‘any’ lower extremity
amputation procedures performed and ‘(first)’ indicating that only the first such amputation was included for each incidence rate, unless otherwise
indicated
f First incidence rate reported in the publication; reported as the annual age-standardised incidence per 1000 person-years with diabetes, unless otherwise
indicated
g Last incidence rate reported in the publication; reported as the annual age-standardised incidence per 1000 person-years with diabetes, unless otherwise
indicated
h Percentage change in the rates: [(initial rate – end rate)/initial rate] × 100
i p value reported for the percentage change between the initial and end rates only
j Crude incidence calculated from reported population and incidence numbers
k Amputation incidence in which those with trauma and/or malignancy diagnosis code(s) were excluded
l No previous amputation history
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Table 4 Incidence of hospital admissions for major diabetes-related amputations per 1000 person-years with diabetes, unless otherwise indicated

Countrya Studyb Yearsc Populationd Incidencee Initial
ratef

End
rateg

Change
(%)h

p valuei

Per 1000 person-years with diabetes:

All ages

Finland Venermo 2013 [91] 1993–2007 Diabetes Major (first) 4.20j,k 1.54 –63 –

Hungary Kolossváry 2015
[92]

2004–2012 Diabetes Major 3.18j,k – – –

Australia Lazzarini 2015 [32] 2005–2010 Diabetes Major 2.18j 1.20 –45 <0.05

Poland Wierzba 2020 [93] 2013–2014 Diabetes Major 1.90j 1.70 –11 –

Scotland, UK Kennon 2012 [29] 2004–2008 Diabetes Major 1.87j,k 1.11 –41 <0.001

Netherlands Nijenhuis-Rosien
2017 [74]

2007–2011 Diabetes Major 1.44j,k 1.42 –1 –

Germany Icks 2009 [78] 2005–2007 Diabetes Major (first, amputation
proximal to mid-tarsal)

1.14 – – –

Australia Morton 2022 [60] 2010–2019 Diabetes (type 1) Major 1.10 1.10 0 NS

Diabetes (type 2) Major 0.70 0.60 –14 NS

Mexicoa Cisneros-González
2016 [53]

2004–2013 Diabetes Major 1.01j,k 1.11 +10 0.001

New Zealand Gurney 2019 [94] 2011–2014 Diabetes Major (first) 0.98j – – –

Finland Ikonen 2010 [95] 1997–2007 Diabetes Major (first) 0.94 0.48 –49 –

Germany Claessen 2018 [80] 2008–2012 Diabetes Major (first) 0.81 0.58 –28 –

England, UK Jeffcoate 2017 [12] 2010–2016 Diabetes Major 0.80 – – –

Ireland Buckley 2012 [83] 2005–2009 Diabetes Major 0.48k 0.48 0 0.23

Italy Lombardo 2014
[30]

2001–2010 Diabetes Major 0.46k 0.38 –17 –

Belgium Claessen 2018 [96] 2009–2013 Diabetes Major (first) 0.42 0.30 –29 <0.05

Japan Kamitani 2021 [97] 2013–2016 Diabetes Major (first) 0.23 0.20 –14 NS

Adults

Denmark Røikjer 2020 [61] 1997–2017 Diabetes (18+ years, type 1) Major (first)m ~3.30j 0.30 –91 –

Diabetes (18+ years, type 2) Major (first)m ~3.25j 1.15 –65 –

USA Geiss 2019 [24] 2000–2015 Diabetes (18+ years) Major 2.28k 1.34 –41 –

Spain Lopez-de-Andres
2022 [98]

2001–2019 Diabetes (18+ years, type 1) Major ~2.08j 0.70 –66 <0.05

Hong Kong Wu 2020 [37] 2001–2016 Diabetes (20+ years, men) Major 1.95k 0.43 –78 –

Diabetes (20+ years,
women)

Major 1.16k 0.24 –79 –

Sweden Ólafsdóttir 2019
[85]

1998–2013 Diabetes (18+ years, type 1l) Major 1.84 1.50 –18 NS

Spain Lopez-de-Andres
2022 [56]

2001–2019 Diabetes (18+ years, type 2,
men)

Major 1.73j 1.79 +2 0.004

Diabetes (18+ years, type 2,
women)

Major 1.01j 0.67 –34 <0.001

England, UK Pearson-Stuttard
2022 [23]

2003–2018 Diabetes (18+ years, men) Major 1.69 0.62 –63 –

Diabetes (18+ years,
women)

Major 0.93 0.21 –77 –

Sweden Hallstrōm 2021
[25]

1998–2019 Diabetes (18+ years, type 1l) Major (first) 1.64 1.05 –36 –

Taiwan Lai 2015 [76] 2001–2010 Diabetes (type 2) Major 1.62j 0.83 –49 –

Taiwan Lin 2019 [36] 2007–2014 Diabetes (type 2) Major (first) 1.60j 0.98 –39 <0.001

OECD Carinci 2020 [42] 2013 Diabetes (15+ years) Major (mean of OECD
countries)

1.28k – – –

England, UK Vamos 2010 [31] 2004–2008 Diabetes (18+ years) Major 1.18k 1.02 –14 0.29

England, UK Holman 2012 [87] 2007–2010 Diabetes (17+ years) Major 0.99j – – –

Singapore Riandini 2022 [99] 2008–2017 Diabetes (16+ years) Major (amputation proximal
to ray)

0.99k 0.95 –4 0.91

276 Diabetologia (2023) 66:267–287



time in 27 populations (Tables 1 and 5, Fig. 3a,b). The median
(range) initial rate was 1.6 (0.3, 4.3) minor amputation admis-
sions per 1000 person-years with diabetes and the median
(range) end rate was 1.4 (0.3, 3.8). Themedian (range) relative
trend was –13% (–59%, +49%), with trends in 14 (52%) of the
27 populations decreasing, trends in four (15%) stable and
trends in nine (33%) increasing.

Of the six publications reporting rates in seven resident
populations, trends over time were reported for six popula-
tions (Table 5). The median (range) initial rate was 0.092
(0.009, 0.123) minor diabetes-related amputation admissions
per 1000 residents and the median (range) end rate was 0.098
(0.005, 0.274). The median (range) relative trend was +11%
(–49%, +88%), with trends in two (33%) populations

Table 4 (continued)

Countrya Studyb Yearsc Populationd Incidencee Initial
ratef

End
rateg

Change
(%)h

p valuei

Per 100,000 residents:

All ages

Marshall
Islandsa

Kool 2019 [50] 2015 Residents Major 103.00j – – –

Marshall
Islandsa

Harding 2005 [49] 2002 Residents Major 79.50j – – –

Finland Winell 2013 [88] 1997–2007 Residents Major 13.60k 9.20 –32 <0.001

Residents Major (first) 10.20k 7.30 –28 <0.001

Spain Lopez-de-Andres
2015 [100]

2001–2012 Residents Major (type 2) 7.12k 7.00 –2 NS

Residents Major (type 1) 0.59k 0.18 –69 <0.05

Scotland, UK Kennon 2012 [29] 2004–2008 Residents Major 6.73j,k 4.43 –34 <0.001

Australia Lazzarini 2015 [32] 2005–2010 Residents Major 6.26 4.61 –26 <0.05

Italy Lombardo 2014
[30]

2001–2010 Residents Major 4.30k 3.70 –14 –

Adults

OECD Carinci 2020 [42] 2013 Residents (15+ years) Major (mean of OECD
countries)

7.50k – – –

OECD OECD 2021 [21] 2009 and
2019

Residents (15+ years) Major (mean of OECD
countries)

7.40 6.40 –14 –

Austria Aziz 2020 [101] 2014–2017 Residents (20+ years) Major (first) 6.44 – – –

USA Akinlotan 2021
[102]

2009–2017 Residents (18+ years) Major 5.70 8.10 +42 0.10

Spain Rodríguez Pérez
2020 [103]

2001–2015 Residents (16+ years) Major (type 2) 0.48 – – –

–, not reported or not applicable; ~, rate approximated from graph/figure in publication; NS, not significant
a Indicates a country that is not classified as a high-income country by the World Bank [34]
b First author and date of publication
c First and last year of the period for which data are reported in the publication
d Population (denominator) used by the publication to calculate the incidence rate; consists of people with diabetes of any type and of any age, unless
otherwise indicated
e Incidence (numerator) used by the publication to calculate the incidence rate(s); consists of the highest amputation procedure recorded during a hospital
admission, as identified using any procedural codes in hospital discharge datasets, with ‘major amputation’ defined as a procedure performed through or
above the ankle and ‘(first)’ indicating that only the first such amputation was included for each incidence rate, unless otherwise indicated
f First incidence rate reported in the publication; reported as the annual age-standardised incidence per 1000 person-years with diabetes, unless otherwise
indicated
g Last incidence rate reported in the publication; reported as the annual age-standardised incidence per 1000 person-years with diabetes, unless otherwise
indicated
h Percentage change in the rates: [(initial rate – end rate)/initial rate] × 100
i p value reported for the percentage change between the initial and end rates only
j Crude incidence calculated from reported population and incidence numbers
k Amputation incidence in which those with trauma and/or malignancy diagnosis code(s) were excluded
l No previous amputation history
mAggregate of reported transfemoral and transtibial amputation procedures

Diabetologia (2023) 66:267–287 277



decreasing, trends in one (17%) stable and trends in three
(50%) increasing.

Discussion

This narrative review analysed findings from 71 eligible
publications on hospital admission rates for DFD conditions
and amputations in national populations. The findings suggest
that national hospital admission rates are substantially higher
for DFD than for amputation alone. Trends in admission rates

for major amputations are largely decreasing, but trends for
minor amputations are inconsistent, decreasing in some coun-
tries but increasing in others. Trends in admission rates for
DFD conditions are also inconsistent and reported in far fewer
publications than for amputations. Although all publications
reported the incidence of admissions exclusively for a condi-
tion or procedure or set of conditions or procedures, which
helps avoid overestimation, there was a high level of hetero-
geneity in the methods employed to identify admissions and
populations. While this review provides the most comprehen-
sive global picture to date on hospital admission rates for DFD
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Fig. 2 National trends since 2001
in hospital admission rates for
major amputations per 1000
person-years with diabetes in
(a) all ages and (b) adults by
country. Data are from
population-based studies
reporting age-standardised
incidence rates of hospital
admissions for major amputation
in national populations with
diabetes over time. The figure is
intended to aid interpretation of
relative trends over time between
reported initial and end rates; it is
not reflective of exact annual
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compare rates between countries,
as publications may have used
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years of data was included; if
multiple publications included the
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Table 5 Incidence of hospital admissions for minor diabetes-related amputations per 1000 person-years with diabetes, unless otherwise indicated

Countrya Studyb Yearsc Populationd Incidencee Initial
ratef

End
rateg

Change
(%)h

p valuei

Per 1000 person-years with diabetes:

All ages

Australia Lazzarini 2015 [32] 2005–2010 Diabetes Minor 4.29j 2.68 –38 <0.05

Netherlands Nijenhuis-Rosien
2017 [74]

2007–2011 Diabetes Minor 3.28j,k 3.62 +10 –

Australia Morton 2022 [60] 2010–2019 Diabetes (type 1) Minor 3.20 3.90 +22 NS

Diabetes (type 2) Major 2.00 2.90 +45 –

Germany Claessen 2018 [80] 2008–2012 Diabetes Minor (first) 2.06 1.77 –14 –

Mexicoa Cisneros-González
2016 [53]

2004–2013 Diabetes Minor 1.69j,k 1.63 –4 0.069

New Zealand Gurney 2019 [94] 2011–2014 Diabetes Minor (first) 1.53j – – –

Taiwan Lai 2015 [76] 2001–2010 Diabetes (type 2) Minor 1.46j 0.83 –43 –

Taiwan Lin 2019 [36] 2007–2014 Diabetes (type 2) Minor (first) 1.25j 1.09 –13 0.019

Scotland, UK Kennon 2012 [29] 2004–2008 Diabetes Minor 1.17j,k 1.03 –12 NS

Italy Lombardo 2014
[30]

2001–2010 Diabetes Minor 0.98k 1.11 +13 –

Ireland Buckley 2012 [83] 2005–2009 Diabetes Minor 0.96k 1.28 +33 0.11

Belgium Claessen 2018 [96] 2009–2013 Diabetes Minor (first) 0.91 0.77 –15 <0.05

Japan Kamitani 2021 [97] 2013–2016 Diabetes Minor (first, including
finger amputation)

0.29 0.29 0 NS

Adults

USA Geiss 2019 [24] 2000–2015 Diabetes (18+ years) Minor 3.10k 3.29 +6 –

Denmark Røikjer 2020 [61] 1997–2017 Diabetes (18+ years, type 2) Minor (first) ~3.00j 1.25 –58 –

Diabetes (18+ years, type 1) Minor (first) ~1.40j 1.25 –11 –

Spain Lopez-de-Andres
2022 [98]

2001–2019 Diabetes (18+ years, type 1) Minor ~2.75j 1.64 –40 <0.05

Spain Lopez-de-Andres
2022 [56]

2001–2019 Diabetes (18+ years, type 2,
men)

Minor 2.55j 3.81 +49 <0.001

Diabetes (18+ years, type 2,
women)

Minor 0.83j 0.86 +4 0.326

England, UK Pearson-Stuttard
2022 [23]

2003–2018 Diabetes (18+ years, men) Minor 2.09 1.44 –31 –

Diabetes (18+ years,
women)

Minor 1.04 0.52 –50 –

OECD Carinci 2020 [42] 2013 Diabetes (15+ years) Minor (mean of OECD
countries)

1.84k – – –

Singapore Riandini 2022 [99] 2008–2017 Diabetes (16+ years) Toe/ray amputation 1.64k 2.02 +23 0.38

Sweden Ólafsdóttir 2019
[85]

1998–2013 Diabetes (18+ years, type 1l) Minor 1.62 1.79 +9 NS

England, UK Holman 2012 [87] 2007–2010 Diabetes (17+ years) Minor 1.57j – – –

England, UK Vamos 2010 [31] 2004–2008 Diabetes (18+ years) Minor 1.57k 1.49 –5 0.66

Sweden Hallstrōm 2021
[25]

1998–2019 Diabetes (18+ years, type 1l) Minor (first) 1.47 0.96 –35 –

Hong Kong Wu 2020 [37] 2001–2016 Diabetes (20+ years, men) Minor 1.40k 0.72 –49 –

Diabetes (20+ years,
women)

Minor 0.79k 0.32 –59 –

Per 100,000 residents:

All ages

Australia Lazzarini 2015 [32] 2005–2010 Residents Minor 12.30 10.40 –16 <0.05

Spain Lopez-de-Andres
2015 [100]

2001–2012 Residents Minor lower extremity
amputation (type 2)

9.23k 11.50 +25 <0.05

Residents Minor lower extremity
amputation (type 1)

0.88k 0.45 –49 <0.05
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conditions and amputations, the conclusions are limited by
this heterogeneity and the lack of publications from low-
and middle-income countries.

Hospital admissions for DFD conditions

Unlike hospital admission rates for amputations and other
diabetes complications [20–23], hospital admission rates for
DFD conditions have only recently begun being used as an
outcome for monitoring the burden of DFD [8–10, 18]. To our
knowledge, this is the first review that has focused on hospital
admissions for DFD conditions. The median initial admission
rate for a principal or any diagnosis of total DFD conditions
was 16.3 per 1000 person-years with diabetes, based on find-
ings from only four publications [32, 35–37]. This rate is in
keeping with the aggregated median initial admission rates
found across ten additional publications on individual DFD
conditions, including 5.1 for ulceration, 5.6 for infection and
2.5 for PAD (Tables 1 and 2). However, trend patterns
differed, with principal admission rates for total DFD condi-
tions largely decreasing in most populations, but increasing or
decreasing for individual DFD conditions, suggesting that

admission rates for some individual DFD conditions are
decreasing more rapidly than rates for others are increasing.

These indicative findings of high principal admission rates
for DFD conditions should, however, be of immediate
concern. We can relatively safely assume that these admis-
sions were primarily caused by DFD conditions. The principal
admission rates found for DFD conditions in this review are at
least equivalent to rates reported for other major diabetes
complications [16, 23, 35, 37–39]. This supports recent stud-
ies suggesting that DFD is a leading cause of diabetes-related
hospital admissions in high-income countries [8, 9, 18, 33].
Further, we reviewed hospital admission incidence and not
length of hospital stay, which is often used as a measure of
condition severity [7]. With DFD also known to result in
comparatively long hospital stays, these results are perhaps
even more concerning [22, 40, 41].

However, because of the limited number of publications
identified, the high level of heterogeneity in hospital diagnosis
coding criteria used to identify admissions, including the use
of principal or any diagnosis codes and ICD-9 or ICD-10
diagnosis codes, and the different DFD conditions investigat-
ed, more research is needed to confirm the high rates and

Table 5 (continued)

Countrya Studyb Yearsc Populationd Incidencee Initial
ratef

End
rateg

Change
(%)h

p valuei

Italy Lombardo 2014
[30]

2001–2010 Residents Minor 7.10k 9.30 +31 –

Scotland, UK Kennon 2012 [29] 2004–2008 Residents Minor 4.23j,k 4.10 –3 NS

Adults

USA Akinlotan 2021
[102]

2009–2017 Residents (18+ years) Minor 14.60 27.40 +88 <0.001

OECD Carinci 2020 [42] 2013 Residents (15+ years) Minor (mean of OECD
countries)

11.10k – – –

–, not reported or not applicable; ~, rate approximated from graph/figure in publication; NS, not significant
a Indicates a country that is not classified as a high-income country by the World Bank [34]
b First author and date of publication
c First and last year of the period for which data are reported in the publication
d Population (denominator) used by the publication to calculate the incidence rate; consists of people with diabetes of any type and of any age, unless
otherwise indicated
e Incidence (numerator) used by the publication to calculate the incidence rate(s); consists of the highest amputation procedure recorded during a hospital
admission, as identified using any procedural codes in hospital discharge datasets, with ‘minor amputation’ defined as a procedure performed below the
ankle and ‘(first)’ indicating that only the first such amputation was included for each incidence rate, unless otherwise indicated
f First incidence rate reported in the publication; reported as the annual age-standardised incidence per 1000 person-years with diabetes, unless otherwise
indicated
g Last incidence rate reported in the publication; reported as the annual age-standardised incidence per 1000 person-years with diabetes, unless otherwise
indicated
h Percentage change in the rates: [(initial rate – end rate)/initial rate] × 100
i p value reported for the percentage change between the initial and end rates only
j Crude incidence calculated from reported population and incidence numbers
k Amputation incidence in which those with trauma and/or malignancy diagnosis code(s) were excluded
l No previous amputation history
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decreasing trends seen for principal admissions for DFD
conditions. Ideally, globally recognised standardised and vali-
dated ICD coding sets should be developed. In addition, we
suggest that admission rates for both DFD conditions and
amputations should be reported in future global and national
reports of trends in the incidence of diabetes complications
[21, 28, 42].

Hospital admissions for amputations

To our knowledge, this is the largest review to date of hospital
admission rates for amputation in terms of publications reviewed
[15–17] and the first in over a decade to primarily investigate
global trends in diabetes-related amputations [17]. In this review
of mostly 21st century rates, we found a median initial rate of
hospital admission for total amputations of 3.1 per 1000 person-
years with diabetes (Tables 1 and 3), which is lower than the rate
of 5.9 found in the previous global review, which reportedmost-
ly 20th century rates [17]. Although most publications included
in this review reported total amputation rates, this outcome is no
longer recommended; instead, it is recommended that major and
minor amputation rates are reported separately, as they are
performed for different clinical reasons [14, 16, 42].

For major amputation, we found a median initial hospital
admission rate of 1.2 per 1000 person-years with diabetes
(Tables 1 and 4), which is lower than the rate of 2.3 found in
the previous review [17]. Similar to other reviews [15–17], we
found decreasing trends in major amputation rates over time
among most (80%) populations studied. This may suggest that
there have been gradual improvements in DFD care globally.
However, given that most publications did not report nationwide
improvements in DFD care and the inconsistent trends found in
the only publication that reported rates for multiple (OECD)
countries [21], these findings may equally reflect changes in
general diabetes care, differing methods used to diagnose and
define the population with diabetes over time, resulting in more
rapid increases in the sizes of populations with diabetes used as
denominators [43], or selection bias in countries potentially ‘self-
reporting’ favourable trends. Thus, further regular standardised
reporting of major amputation rate trends across multiple coun-
tries is required, such as that undertaken by OECD countries, to
better understand trends over time [21, 28, 42].

For minor amputation, we found a median initial hospital
admission rate of 1.6 per 1000 person-years with diabetes
(Tables 1 and 5), which was higher than the rate of 1.2 found
in the previous review [17]. In contrast to other reviews
[15–17], we found inconsistent trends in minor amputation
rates over time among the populations studied (52% decreas-
ing, 33% increasing, 15% stable). Further, we found that only
14% of populations had trends that aligned with the hypothe-
sis that improved DFD treatment in hospital would result in
increasing minor amputation rates and decreasing major
amputation rates. In contrast, 52% of populations showed

decreasing trends for both major and minor rates and the
remainder showed a mix of trends. An alternative measure
proposed as an indicator of improved hospital DFD treatment
and outcomes is a decreasing high to low (hi–low) amputation
ratio (i.e. major to minor amputation ratio) [44]. When the hi–
low amputation ratios were calculated from the amputation
rate findings in this review, nearly all (93%) populations were
found to have decreasing hi–low amputation ratios. Thus, it
should be noted that improved DFD care may result in
decreasing trends in both major and minor amputation rates,
in which case the hi–low amputation ratios may not be as
sensitive to improved DFD care as previously thought [14,
44]. Regardless, further investigation of standardised hospital
admission rates for minor amputations, preferably alongside
those for DFD conditions and major amputations, is required
to determine the impact of DFD care on these rates and ratios.

Limitations

This review has several limitations. First, this was a narrative
review. Although we performed a systematic search to iden-
tify peer-reviewed publications, grey literature was not includ-
ed and therefore our findings may be subject to selection/
publication bias, as grey literature and peer-reviewed publica-
tions have reported different hospital admission rates for DFD
conditions and amputations in similar national populations
[29, 45]. However, a global search of the grey literature was
beyond our scope and it is suggested that this is carried out in
future research investigating admission rates in smaller
regions. Second, although we summarised the overall meth-
odological limitations, we did not perform quality assessments
of the included publications, which increases the risk that our
findings are subject to bias. While differences in diabetes and
DFD care delivered to the populations included are likely to
have contributed to some of the trends, potential (rapid)
increases in the sizes of populations with diabetes as a result
of improved national screening and increases in diabetes prev-
alence, differences inmethods used to identify admission rates
for DFD conditions and amputations (including the use of
principal vs additional reasons for admission and ICD-9 vs
ICD-10 diagnosis codes), differences in the methods used to
standardise rates for different population structures over time,
and selection bias owing to authors potentially publishing
favourable trends may also have contributed to the trends seen
[14, 16, 43]. Third, most studies relied on hospital discharge
database diagnosis or procedure codes, which have been
shown to considerably underestimate admission rates for
DFD conditions and to be less accurate for individual DFD
conditions than for DFD conditions and amputations
combined [10, 41, 46–48]. Fourth, we used descriptive statis-
tics to summarise findings from publications that typically
used subtly different definitions for admissions, populations
and calculating rates and thus we urge caution when
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comparing rates between publications [16, 43]. Fifth, we
reported only descriptive relative trends, regardless of statisti-
cal significance and fluctuations in trends over time and the
period of time reported for each publication, and thus the
magnitudes of trends are not directly comparable between
publications and should be interpreted with caution [14, 16,
43]. Indeed, our choice of 5% as a cut-off for increasing or
decreasing trends was arbitrary; this cut-off was used only to
facilitate a summary of trends across populations with many
different definitions. Finally, we did not find any peer-
reviewed publications from low-income countries and found

only a few from middle-income countries. Our findings are
thus unlikely to be representative of these countries.

Implications

First, the hospital admission rates summarised in this review
may be useful for forecasting the resources needed to cater for
hospital admissions for DFD conditions and amputations. For
example, extrapolating the median principal admission rates of
16.3 and 3.1 per 1000 person-years with diabetes for total DFD
conditions and total amputations, respectively, to the
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approximately 536 million adults with diabetes worldwide [2]
suggests that there are an estimated 8.7 million hospital admis-
sions for DFD conditions and 1.6million for amputations annu-
ally worldwide, similar to previous estimates [3–5, 9].
However, as our findings are based on publications from
predominantly high-income countries, and as higher rates were
found in the few publications identified from middle-income
countries [49–53], these rates are likely to be underestimates.

Second, while the summarised trends in hospital admissions
for DFD conditions and amputations should be interpreted with
caution, they do provide useful insights [14, 39, 43]. For exam-
ple, overall trends in admission rates for major amputation seem
to be largely decreasing in high-income countries, yet trends in
admission rates for minor amputations and DFD conditions are
largely inconsistent. However, as mentioned previously, the
reasons for these differences in trends are likely to be multiple
and include differences in methods used to identify admission
rates for DFD conditions and amputations and to identify diabe-
tes and resident populations, differences in the socio-
demographic structures of the populations studied, differences
in diabetes and DFD care delivered to those populations and
selection bias as a result of authors potentially publishing
favourable trends [14, 39, 43]. Because of methodological limi-
tations across publications, we were unable to determine the
exact impact that these differences had on summarised trends.
However, the trends are based on the best evidence available
and we provide recommendations in the following section on
standardising methodology to enable the reasons for DFD
admission trends to be better understood in the future.

Third, this review identified important risk factors for hospi-
tal admission for DFD conditions and amputations. Male popu-
lations had higher hospital admission rates for DFD conditions
and amputations than female populations across all studies in
which sex was stratified [23, 37, 54–59]. This has also been
found for other DFD outcomes, such as neuropathy and ulcera-
tion incidence [3, 5, 41]. Further, publications stratifying for age
reported that DFD burdens are increasing most rapidly among
younger age groups (<40 years) [10, 24, 32, 60]. Additionally,
the few publications that stratified for diabetes type found that
those with type 1 diabetes generally had slightly higher rates for
both DFD conditions and amputations than those with type 2
diabetes [60, 61]. These outcomes support other recent findings
showing that age at diabetes onset and diabetes duration may
impact DFD outcomes more than other major diabetes compli-
cations [62]. As people with diabetes are being diagnosed youn-
ger and surviving longer, this suggests that increasing trends in
hospital admissions for DFD are likely without intervention [10,
62, 63].

Recommendations

First, like others [14, 39, 42, 43], we recommend the devel-
opment of global reporting standards for identifying hospital

admissions for DFD conditions and amputations and for
standardised calculation of incidence rates. We are aware that
several countries have proposed using standard ICD coding
sets for identifying admissions caused by DFD conditions [12,
48, 64]. Thus, global DFD groups that have developed other
reporting standards and definitions [6, 7] should consider
developing a consensus on reporting standards for principal
admission rates for DFD conditions. In doing so, we recom-
mend that the IDF guide on diabetes epidemiology studies
[43], similar work on OECD amputation rate definitions
[42], the proposals from countries for standard or modified
ICD coding sets to better identify DFD conditions [12, 48,
64] and the common methodologies identified in this review
be considered.

Second, we recommend that any global reporting stan-
dards developed are tested for validity and reliability in
identifying admissions for DFD conditions against gold
standard measures, such as prospective clinical bedside
audits. Similar studies have been performed previously
and have shown that admission rates identified using ICD
diagnosis codes considerably underestimate the numbers of
people admitted for DFD conditions [10, 41, 46–48]. Thus,
such studies are important to ensure that hospital discharge
dataset coding is as accurate and efficient as possible to be
able to monitor the hospital admission burden caused by
DFD.

Third, the impact of different factors that may influence or
confound admission rates for DFD conditions, such as age,
sex, diabetes duration, age at onset, social deprivation,
geographic location, and diabetes and DFD care structures,
needs further investigation [12–14]. Further, investigating risk
factors for admission-related outcomes, such as any DFD
admission event and length of stay, compared with risk factors
for person-related outcomes, such as first DFD admission
event per person and in-hospital mortality, should also be
considered in future investigations [14, 32, 43]. We are aware
of groups that are currently investigating the influence of such
risk factors for both admission-related and person-related
outcomes for DFD conditions and amputations in various
countries and their impending findings should shed new light
on issues to consider adjusting for in future global reporting
standards [10, 12, 60, 63].

Finally, we recommend that future studies prospectively
investigate large population-based cohorts that are representa-
tive of national populations with confirmed diabetes or DFD
for risk factors for hospital admission for DFD [43]. One such
study has found novel risk factors for admission for DFD in
large diabetes cohorts, such as younger age [10]. Further, we
are aware of studies being conducted that are investigating the
risk factors for principal admissions for DFD in large DFD
cohorts, as well as the costs of the hospital burden of DFD [18,
63, 65, 66]. Thus, we suggest that these and other hospital
admission outcomes, such as length of stay, admission with
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and without amputation procedures, and mortality, should
continue to be investigated to better understand the DFD
hospital burden in the future.

Conclusions

This review provides the largest and most comprehensive
global picture of trends in hospital admission rates for DFD
and amputations. The findings highlight that DFD is a leading
cause of hospital admission. The evidence included in this
review suggests that the incidence of hospital admissions for
DFD conditions is comparable to that for other major
diabetes-related complications and is much higher than the
incidence of admissions for amputations alone. We also found
evidence that major amputation rates have decreased over
time, while trends in admissions for DFD conditions and
minor amputations were inconsistent. The findings on admis-
sion rates for DFD conditions and amputations provide useful
estimates that will enable clinicians, researchers and policy-
makers to benchmark contemporary national incidence rates.
Finally, we recommend that global reporting standards for
identifying and monitoring principal admission rates for
DFD and amputations are developed in order to better under-
stand the seemingly large impact that DFD has on the global
burden of disease caused by diabetes and for use as a starting
point to develop programmes to reduce this burden.
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