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ABSTRACT
Introduction: Diabetic foot (DF) disease, including ulcerations, amputations, and infections, represents a major cause of 
morbidity and mortality in individuals with diabetes mellitus (DM). Despite their substantial clinical, social, and economic 
burden, robust global epidemiological estimates remain limited due to fragmented evidence and heterogeneous methodologies. 
This systematic review and meta‐analysis aimed to provide reliable pooled estimates of incidence and prevalence of DF disease, 
to explore geographic and demographic variations, and to assess the types of data sources available for epidemiological research.
Methods: Following PRISMA guidelines (PROSPERO registration CRD42025640944), PubMed, Embase, CINAHL Plus, and 
Cochrane Library were systematically searched from inception to December 21, 2024, for observational studies in adults 
(≥ 18 years) with DM reporting epidemiological measures of DF disease. Data extraction and quality appraisal (Joanna Briggs 
Institute checklists) were independently performed by four reviewers. Random‐effects meta‐analyses were conducted using 
generalised linear mixed‐effects models to calculate pooled complication‐specific prevalence and incidence rates among patients 
with diabetes. Heterogeneity among study estimates was assessed using Cochran's Q test, I2 statistic, and the between‐study 
variance (τ2). To identify sources of heterogeneity, meta‐regression analyses were performed considering study‐level cova
riates (modifiers).
Results: Eighty‐nine studies were included (18 prospective cohorts, 33 retrospective cohorts, 38 cross‐sectional), enrolling 
between 92 and 29,650,811 participants, with data from Europe (N = 29, 32.6%), Asia (N = 25, 28.1%), Africa (N = 16, 18.0%), 
America (N = 16, 18.0%), and Oceania (N = 3, 3.4%). Pooled global incidence rates were 10.93 cases/1000 person‐years (95% CI, 
6.67–17.91) for ulcerations, 3.58 (95% CI, 1.93–6.63) for amputations, and 19.11 (95% CI, 4.81–75.97) for infections. Pooled 
prevalence estimates were 54.57 cases/1000 persons (95% CI, 37.63–78.52) for active ulcerations, 72.63 (95% CI, 48.21–108.02) for 
past ulcerations, 14.75 (95% CI, 9.52–22.77) for amputations, and 39.17 (95% CI, 6.81–195.07) for infections. Substantial het
erogeneity (I2 > 90%) was observed, with significant modifiers including geographical region, diabetic foot identification 
method, data source, study setting, age, diabetes duration, and length of follow‐up. Rates in America and Africa were generally 
above the global pooled average, whereas those in Europe, Asia, and Oceania were below.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the 
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© 2026 The Author(s). Diabetes/Metabolism Research and Reviews published by John Wiley & Sons Ltd.

Diabetes/Metabolism Research and Reviews, 2026; 42:e70223 1 of 48
https://doi.org/10.1002/dmrr.70223

https://doi.org/10.1002/dmrr.70223
https://orcid.org/0000-0002-6523-6036
https://orcid.org/0000-0002-9549-6111
https://orcid.org/0000-0001-6625-1943
https://orcid.org/0009-0005-5344-5278
https://orcid.org/0009-0008-1573-4345
https://orcid.org/0009-0003-3192-859X
https://orcid.org/0000-0001-9759-9408
https://orcid.org/0000-0002-6660-5315
https://orcid.org/0000-0003-1147-7296
mailto:gianluca.trifiro@univr.it
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1002/dmrr.70223
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fdmrr.70223&domain=pdf&date_stamp=2026-08-31


Conclusions: Globally, DF disease is common and severe, with incidence and prevalence rates underscoring its important 
public health impact. Heterogeneity across studies highlighted the influence of geography, methodology, and data sources. 
These findings may support future clinical and pharmacoepidemiological studies that evaluate new interventions and monitor 
temporal trends using large‐scale data.

1 | Introduction

Diabetic foot (DF) disease represents a major complication of 
diabetes mellitus (DM), substantially affecting the quality of life 
and increasing mortality among individuals with DM [1–3]. DF 
conditions include foot ulcers, lower‐limb amputations, and 
infections such as soft‐tissue infection and osteomyelitis, which 
together can result in a considerable burden on patients, their 
families, and healthcare systems [1–7]. These conditions typi
cally arise from the combined effects of peripheral neuropathy, 
peripheral arterial disease, infection, and impaired wound 
healing, and represent major diabetes‐related causes of 
disability, healthcare use, and mortality, particularly when ac
cess to timely, specialised care is limited [2, 8].

Barriers to the prevention and early diagnosis of DF disease 
remain considerable and multifactorial. A lack of awareness 
among patients and caregivers often delays recognition of early 
warning signs, such as minor injuries or subtle changes in foot 
health [9–11]. Structured screening programs to detect early DM 
complications, including neuropathy and ischaemia, are 
frequently unavailable or inconsistently implemented, espe
cially in low‐ and middle‐income countries where disparities in 
access to healthcare services exist or specialised DF services are 
scarce [12–14]. Moreover, healthcare professionals often receive 
insufficient training to effectively identify and manage DF 
conditions, while cultural and socioeconomic factors, such as 
stigma and the financial cost of care, may discourage patients 
from seeking timely medical attention [9, 10, 15]. The absence of 
advanced diagnostic tools and limited integration between pri
mary care providers and specialists may further hinder the de
livery of comprehensive, coordinated care [9, 16]. Addressing all 
these barriers could substantially reduce the burden of DF dis
ease and improve outcomes for individuals with DM.

Understanding the scale and distribution of DF disease relies on 
robust epidemiological data. However, current estimates of DF 
prevalence and incidence are constrained by fragmented and 
heterogeneous evidence, and patterns across geographic regions 
and demographic groups remain poorly characterised [5, 12, 13, 
17–19].

Several systematic reviews have previously summarised specific 
aspects of DF disease, including the global prevalence of DF 
ulceration, the incidence of diabetes‐related lower‐limb ampu
tation, and the global burden of diabetes‐related lower‐extremity 
complications [17, 20–25]. However, these reviews generally 
focused on individual outcomes, specific time periods, or 
burden‐of‐disease indicators. A comprehensive synthesis jointly 
examining multiple DF conditions, including ulceration, infec
tion, and amputation, together with the methodological char
acteristics and data sources used to generate epidemiological 
estimates, remains limited. Addressing this information gap is 

critical for two main reasons: first, to inform public health ini
tiatives and guide resource allocation and second, to support 
pharmacoepidemiological and pharmacovigilance research. 
Strong epidemiological evidence, together with a deeper un
derstanding of methodologies and data sources employed in 
existing studies, could support the design of both targeted local 
investigations and large‐scale national studies [26, 27].

This systematic review and meta‐analysis aimed to address 
these knowledge gaps by providing reliable estimates of the 
global prevalence and incidence of DF disease among people 
with type 1 or type 2 diabetes, identifying factors influencing 
these estimates, and examining the data sources available for 
epidemiological research.

2 | Methods

2.1 | Search Strategy and Selection Criteria

This systematic review was carried out according to the Preferred 
Reporting Items for Systematic Reviews and Meta‐Analyses 
(PRISMA), and the study protocol was registered on PROS
PERO (CRD42025640944). Observational studies reporting in
formation on the epidemiology of DF disease were searched in the 
bibliographic databases PubMed (including PubMed Central and 
Medline), Embase, CINAHL Plus, and Cochrane Library from 
their inception until December 21, 2024. The search terms were 
related to DF and its consequences, as well as its epidemiology. 
The detailed search strategy developed for each database is pro
vided in Supporting Information S1: Table S1.

Cohort (both prospective and retrospective) and cross‐sectional 
studies written in English that reported data on adults 
(≥ 18 years old) with DM (regardless of type) and epidemio
logical measures (e.g., prevalence, incidence) of DF conditions – 
such as ulcers, infections, ischaemia, and amputations [4]— 
were included in this systematic review. Narrative or systematic 
reviews and meta‐analyses, randomized controlled trials, case‐ 
control studies, case reports, book chapters, editorials, and 
conference abstracts were excluded, but they were screened to 
identify other potentially relevant studies. Studies focusing 
exclusively on the general population without reporting epide
miological measures specific to the diabetic subpopulation, as 
well as studies exclusively addressing therapeutic or surgical 
interventions without providing epidemiological data, were 
excluded. After removing duplicates from the four databases, 
four review authors (M.C., F.M., D.P., and A.Fr.) individually 
screened titles and abstracts of the identified records to remove 
articles that were clearly irrelevant. The full texts of the selected 
articles were then independently reviewed to determine 
whether they met the inclusion criteria. Any disagreements 
among evaluators following both the title and abstract and the 
full‐text screening phases were resolved through discussion or, 

2 of 48 Diabetes/Metabolism Research and Reviews, 2026

 15207560, 2026, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/dm

rr.70223 by U
niversity D

egli Studi D
i V

erona, W
iley O

nline L
ibrary on [03/09/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



if consensus was not reached, through the intervention of a 
senior expert (G.T.).

2.2 | Data Extraction

Data from each article included in the systematic review were 
independently extracted by four review authors (M.C., F.M., D.P., 
and A.Fr). Any discrepancy was resolved by consensus or, when 
necessary, through consultation with a senior expert (G.T.). For 
each article, the following information was extracted when 
available: first author, year of publication, country in which the 
study was conducted, data sources (e.g., claims databases, medi
cal records, surveys), number of enroled participants, age and sex 
of the participants, characteristics of the study cohort, risk factors 
associated with the development of the DF disease, epidemio
logical measures (i.e., prevalence, incidence), clinical definitions 
of DF, and, for studies conducted in the general population, age, 
sex, and diabetes duration of the DF subpopulation. When re
ported, ulceration status was extracted according to the defini
tions used in the original studies. Active ulceration was defined as 
the presence of a diabetes‐related foot ulcer at the time of 
assessment, at the index date, or during the prevalence period 
defined by the study. Past or historical ulceration was considered 
as a previously reported history of diabetes‐related foot ulcera
tion, in the absence of an active ulcer when this distinction was 
provided by the original study. No post hoc reclassification was 
applied beyond grouping comparable study‐specific definitions 
into active and past/historical ulceration categories.

2.3 | Statistical Methods

Meta‐analyses of dichotomous outcomes were performed using 
generalised linear mixed‐effects models, fitting a random‐ 
intercept logistic regression (binomial‐normal model) to esti
mate the pooled prevalence of DF disease (per 1000 persons 
with DM). Pooled logit‐transformed prevalence and standard 
error were obtained via maximum likelihood, with final esti
mates and 95% confidence intervals (CIs) derived using the in
verse logit transformation. Between‐study heterogeneity was 
assessed using the Cochran's Q test, I2 statistic, and the 
between‐study variance (τ2). Significance was defined as 
p < 0.10 or I2 > 40% [28].

For incidence rates (per 1000 person‐years with DM), a random‐ 
intercept linear mixed‐effects model was used, assuming 
normality of the log‐transformed rates. The log‐normal random‐ 
effects model was used to pool incidence rates, as most studies 
reported moderate‐to‐large event counts for which the normal 
approximation of log‐transformed incidence rates is generally 
adequate. Standard errors of the incidence rates were derived 
from the reported number of events, CIs, or p‐values. Specif
ically, the variance of the log‐incidence rate was approximated 
as 1/n. events when the number of events was available. When 
only incidence rates with confidence intervals or p‐values were 
reported, standard errors were reconstructed by inversion of the 
reported confidence limits or test statistics on the log scale.

In the presence of heterogeneity, meta‐regression was per
formed using predefined study‐level covariates (i.e., modifiers) 
to explain the between‐study variability. These covariates 
included the mean length of follow‐up (years), the study design 

(e.g., retrospective or prospective observational study or cross‐ 
sectional study), the prevalence type (e.g., whether it was 
calculated during a specific year or time period), the population 
mean age at enrolment, the population mean diabetes duration, 
the mean percentage of women, the publication calendar year, 
the study period (defined as the year of the study start together 
with its duration), the DF identification method (i.e., diagnostic 
codes vs. others), the type of data source (e.g., claims databases, 
clinical registries, clinical visits, electronic or paper‐based health 
records), the population setting (e.g., population‐/registry‐based, 
primary/community care‐based, specialist outpatient clinic‐ 
based, and hospital‐based/inpatient or tertiary care), and the 
geographical zone (e.g., America, Europe, Asia, Africa, and 
Oceania).

Covariate contributions were assessed via omnibus Wald‐type 
tests, and the proportion of reduction in total between‐study 
variance was expressed as R2.

Forest plots displayed both individual and pooled estimates with 
95% CIs, and studies were stratified by geographical zone. Funnel 
plots were used to assess publication bias, with asymmetry tested 
by Begg and Mazumdar's rank correlation (i.e., Kendall's τ coef
ficient). Meta‐regression, funnel plots, and publication bias tests 
were not performed when fewer than ten studies were included 
[29]. Statistical significance was set at two‐sided p < 0.05. All 
analyses were conducted using R (v4.4, metafor package).

2.4 | Risk of Bias Assessment

The quality of the included studies was independently assessed by 
four review authors (M.C., F.M., D.P., and A.Fr.), using the 
Joanna Briggs Institute (JBI) critical appraisal checklists for 
prevalence and cohort studies, as appropriate [30]. Any discrep
ancy was resolved by consensus or, when necessary, through 
consultation with a senior expert (G.T.). The methodological 
quality of each study was rated based on the percentage of affir
mative responses to the JBI checklists' items. Because JBI 
checklists do not prescribe fixed numerical thresholds for overall 
risk‐of‐bias categories, we applied predefined operational 
thresholds: studies with ≤ 49% positive responses were consid
ered to have a high risk of bias, those with 50–74% a moderate risk, 
and those with ≥ 75% a low risk of bias. No studies were excluded 
based on the results of the quality appraisal.

3 | Results

3.1 | Study Selection

A flowchart summarising the process of study selection is 
shown in Figure 1. Our search strategy identified a total of 3140 
records, and 8 further records were identified through citation 
searching. After removing duplicate records (N = 1021), 2127 
(67.6%) titles and abstracts were screened, and 135 (4.3%) full‐ 
text articles were retained for further evaluation. Among 
these, 89 (65.9%) [18, 19, 31–117] met the inclusion criteria and 
were included in the systematic review (Figure 1). Reasons for 
the exclusion of the remaining full‐text articles are shown in 
Supporting Information S1: Table S2. Of the 89 studies included, 
6 [48, 52, 55, 76, 85, 105] were excluded from the quantitative 
synthesis because they did not provide the necessary data 
(e.g., number of events or person‐years) to calculate standard 
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errors or CIs for the reported rates or prevalence estimates. 
Specifically, one retrospective study [76] reported only age‐ 
adjusted rates; three retrospective studies [48, 85, 105] re
ported incidence rates as point estimates without additional 
details; one retrospective study [55] presented the number of 
new cases observed over a 12‐year period relative to the baseline 
population; and one cross‐sectional study [52] provided preva
lence percentages without absolute numbers.

3.2 | Study Characteristics

The characteristics of the included studies are summarised in 
Table 1. Overall, 18 (20.2%) prospective cohort studies, 33 
(37.1%) retrospective cohort studies, and 38 (42.7%) cross‐ 
sectional studies were included in the systematic review. 
Twenty‐nine (32.6%) of them were conducted in Europe, while 
the others were conducted in Asia (N = 25, 28.1%), Africa 
(N = 16, 18.0%), America (N = 16, 18.0%), and Oceania (N = 3, 

3.4%). More than half of these studies (N = 48, 53.9%) were 
published in the decade 2015–2024. The number of patients 
with DM enroled ranged from 92 [47] to 2,484,300 [45], and 
their mean age ranged from 44.3 [64] to 74.1 [69] years. Forty‐ 
four studies (49.4%) included both patients with type 1 DM 
and patients with type 2 DM, 28 studies (31.5%) included only 
patients with type 2 DM, and 1 study (1.1%) included only pa
tients with type 1 DM. The type of diabetes was not specified in 
16 (18.0%) of the included studies.

Twenty‐six of the included studies [35, 40, 42, 44, 45, 48, 51, 55, 62, 
67, 68, 70, 71, 73, 76, 85, 90, 92, 93, 95, 97, 101, 105, 109, 111, 115] 
evaluated the epidemiology of DF disease searching for DF‐ 
related diagnostic and procedural codes in real‐world data sour
ces (e.g., claims databases, electronic health records, diabetes 
registries) (Table 2 shows the different diagnostic and procedural 
coding systems and codes used to define DF disease), whereas the 
others relied mainly on primary data, such as standardized 

FIGURE 1 | PRISMA flowchart showing the process of study selection.
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physical, laboratory, and instrumental examinations, or other 
types of secondary data (e.g., paper‐based health records).

3.3 | Incidence Rates of Diabetic Foot 
Complications

3.3.1 | Incidence of Ulcerations

Twenty‐seven cohort studies contributed to the analysis 
(Figure 2). The random‐effects pooled incidence rate of DF ul
cerations was 10.93 (95% CI, 6.67–17.91) cases per 1000 person‐ 
years, with marked between‐study heterogeneity (Q = 75,346.6, 
df = 26, p < 0.001; I2 = 100%; τ2 = 1.69). When stratified by 
geographical region, the pooled subgroup incidence rates were 
17.05 (95% CI, 3.43–84.62) cases per 1000 person‐years in 
America, 10.61 (95% CI, 6.19–18.18) in Europe, 6.56 (95% CI, 
2.75–15.64) in Asia, and 24.87 (95% CI, 9.58–64.60) in Africa. No 
studies from Oceania could be included in this meta‐analysis.

Visual inspection of the funnel plot suggested no marked 
asymmetry, with studies clustering in the upper part due to their 
high precision. Nevertheless, Begg and Mazumdar's rank cor
relation test identified a significant negative correlation between 
effect size and study precision (Kendall's τ = −0.54, p < 0.001) 
(Supporting Information S1: Figure S1). This result may be 
influenced by the presence of two highly precise studies [70, 71] 
rather than the presence of publication bias. To further inves
tigate this finding, the Trim and Fill method was applied and 
identified only one potentially missing study (Supporting 
Information S1: Figure S2). Incorporating this imputed study 
did not materially alter the results, and the rank correlation 
remained significant (Kendall's τ = −0.49, p < 0.001). When the 
two studies with the highest precision were excluded, Begg and 
Mazumdar's test was no longer significant (Kendall's τ = −0.02, 
p = 0.91), indicating that the initial finding was largely driven by 
these two highly weighted studies (Supporting Information S1: 
Figure S3). Overall, these results suggest that no substantial 
asymmetry was present, and the negative correlation observed 
with Kendall's τ was primarily attributable to the influence of a 
small number of highly precise studies, rather than providing 
definitive evidence of publication bias.

In the meta‐regression analysis (Table 3), the publication year 
and the study period accounted for the largest reductions in 
between‐study heterogeneity (R2 = 23.9% and 18.7%, respec
tively). Of these two covariates, only publication year showed a 
statistically significant non‐zero regression coefficient (Wald 
test p = 0.003); however, its inclusion in the model did not lead 
to a meaningful change in the pooled estimate. In contrast, the 
inclusion of the study period led to a slight shift in the pooled 
estimate (9.56 cases per 1000 person‐years; 95% CI, 6.01–15.20).

3.3.2 | Incidence of Amputations

Across 24 cohort studies, the random‐effects pooled incidence of 
lower‐limb amputations was 3.58 (95% CI, 1.93–6.63) cases per 
1000 person‐years (Figure 3). Heterogeneity was again sub
stantial (Q = 8500.5, df = 23, p < 0.001; I2 = 99.7%; τ2 = 2.31). 
When stratified by geographical region, the pooled subgroup 
incidence rates were 10.43 (95% CI, 5.64–19.27) cases per 1000 
person‐years in America, 2.89 (95% CI, 0.94–8.87) in Europe, 

and 1.10 (95% CI, 0.61–1.99) in Asia. As for Oceania, only one 
study was included in the meta‐analysis, reporting an incidence 
rate of 2.11 (95% CI, 1.98–2.26) cases per 1000 person‐years.

Visual inspection of the funnel plot revealed no marked asym
metry, and Begg and Mazumdar's rank correlation test showed 
no significant correlation between effect size and study preci
sion (Kendall's τ = −0.11, p = 0.48) (Supporting Information S1: 
Figure S4). In the meta‐regression analysis (Table 3), 
geographical zone, length of follow‐up, and diabetes duration 
accounted for the largest reductions in between‐study hetero
geneity (R2 = 21.3%, 20.6% and 19.1%, respectively). Among 
these covariates, only geographical zone and follow‐up duration 
showed statistically significant non‐zero regression coefficients 
(Wald tests p = 0.024 and p = 0.032, respectively). Furthermore, 
the inclusion of follow‐up duration and diabetes duration in the 
model led to substantial shifts in the pooled estimate, yielding 
2.19 (95% CI, 1.09–4.43) and 2.82 (95% CI, 1.42–5.59) cases per 
1000 person‐years, respectively.

3.3.3 | Incidence of Infections

The forest plot in Supporting Information S1: Figure S5 sum
marises infection rates. Only 2 studies were included, yielding a 
random‐effects pooled incidence of DF infections of 19.11 (95% 
CI, 4.81–75.97) cases per 1000 person‐years. Heterogeneity was 
substantial (Q = 11.42, df = 1, p < 0.001; I2 = 91.2%; τ2 = 0.91), 
largely reflecting the opposing incidence estimates reported by 
the two studies, which limits the interpretability of the pooled 
estimate.

3.4 | Prevalence of Diabetic Foot Complications

3.4.1 | Prevalence of Active Ulcerations

Thirty‐eight studies contributed to the analysis (Figure 4). The 
random‐effects pooled prevalence of active ulcerations was 
54.57 cases per 1000 persons (95% CI, 37.63–78.52), with sub
stantial heterogeneity (Q = 18,485.45; df = 37; p < 0.001; 
I2 = 99.8%; τ2 = 1.46). When stratified by geographical region, 
the pooled subgroup prevalence estimates were 199.51 (95% CI, 
109.09–336.56) cases per 1000 persons in America, 39.13 (95% 
CI, 13.71–106.58) in Europe, 45.25 (95% CI, 26.14–77.21) in Asia, 
79.10 (95% CI, 50.54–121.73) in Africa, and 7.24 (95% CI, 
0.14–274.84) in Oceania.

Visual inspection of the funnel plot revealed no marked asym
metry, with studies clustering in the upper part due to their high 
precision. However, Begg and Mazumdar's rank correlation test 
showed a significant negative correlation between effect size 
and study precision (Kendall's τ = −0.23, p = 0.039) (Supporting 
Information S1: Figure S6). This result does not necessarily 
suggest publication bias but may rather reflect a statistical 
artefact driven by a highly precise study [40] whose point esti
mates lie far from the pooled effect. In the meta‐regression 
analysis (Table 4), length of follow‐up, diabetes duration, 
study setting, and geographical zone accounted for the largest 
reductions in between‐study heterogeneity (R2 = 31.0%, 29.6%, 
16.3% and 12.5%, respectively), despite information about the 
length of follow‐up being available for only five studies. Among 
these covariates, only study setting and geographical zone 
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TABLE 2 | Data sources and diagnostic/procedural codes used to define diabetic foot complications in the included studies.

Author, year Diabetic foot definition Data source
Classification 
system used Codes

Prospective cohort studies

Rith‐Najarian, 
1993

Amputation Clinic amputation 
registry

ICD‐9 
(Procedures)

84.10–84.17

Monami, 2009 Ulceration Hospital discharge 
records

ICD‐9‐CM 707 or 440.23

Williams, 2010 Ulceration Administrative 
databases

ICD‐9 707.1x, 707.8–707.9, 681.1x, 681.9x, 
682.7x, 730.06–730.09, 730.17, 
730.19, 730.27, 730.29, 785.4x

Robinson, 2015 Amputation Electronic hospital 
records

ICD9‐CM‐A V4970, V4971, V4972, V4973, 
V4974, V4975, V4976, V4977, 
V4978

ICD‐10‐AM 4433800, 4435800, 4436100, 
4436101, 4436400, 4436401, 
4436700, 4436701, 4436702, 
4437000, 4437600, 9055700

Park, 2016 Diabetic foot Insurance claims 
records

KCD‐6 L97, R02, Z89.4, Z89.5, Z89.6, 
Z89.7, Z89.8, Z89.9, S80.7, S80.8, 
S80.9, S81.0, S81.7, S81.8, S81.9, 
S90.7, S90.8, S90.9, S91.0, S91.1, 
S91.2, S91.3, S91.7, T00.3, T04.3, 
T13.0, T13.1, T13.3, T13.4, T13.5, 
T13.8, T13.9

Retrospective cohort studies
Most, 1983 Amputation Discharge data from 

hospital abstracting 
services

ICDA‐8 
(Procedures)

85.5–85.9

HICDA‐2 84.5–84.9

Waugh, 1988 Amputation Hospital discharge 
records

ICD‐9 871–877, V52, V53.8, V54.8, V54.9

Ebskov, 1991 Amputation Hospital discharge 
records

ICD NR

Deerochanawong, 
1992

Amputation Surgery operation 
records, hospital 
discharge records

OPCS‐4 X09‐X11

Farrell, 1993 Amputation Clinical registry ICD‐9 84.11, 84.13–84.19

Valway, 1993 Amputation Hospital discharge 
records

ICD‐9 84.10–84.19

New, 1998 Amputation Diabetes registry OPCS‐4 X07‐X11

Lavery, 1999 Amputation Medical records ICD‐9‐CM 84.11–84.18, 84.30
Ramsey, 1999 Ulceration Administrative 

databases
ICD‐9‐CM 041, 681.1, 682.6, 682.7, 682.9, 707.1

Infection (osteomyelitis) ICD‐9‐CM 730
Amputation CPT‐4 28810, 28820

ICD‐9‐CM 84.10–84.15, 84.17

Schofield, 2009 Amputation Hospital discharge 
database

OPCS‐4 X09‐X12

Jørgensen, 2013 Amputation Administrative patient 
registry

ICD‐10 Z89.4, Z89.5–Z89.7

Anderson, 2017 Ulceration Primary care electronic 
health records

READ NR

(Continues)
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TABLE 2 | (Continued)

Author, year Diabetic foot definition Data source 
Classification 
system used Codes

Heald, 2019 Ulceration Electronic health 
records

READ NR

Chou, 2020 Infection Population‐based health 
insurance database

ICD‐9‐CM 040.0x, 250.7x, 440.2x, 680.7x, 
681.1x, 682.7x, 707.1x, 730.07, 
730.17, 730.27, 730.97, 785.4x

Amputation ICD‐9‐CM V49.71, V49.72, V49.73, V49.74, 
V49.75, V49.76, V49.77, V52.1x

ICD‐9‐CM 
(Procedures)

84.11–84.17

Déruaz‐Luyet, 
2020

Ulceration Commercial insurance 
claims database

ICD‐9‐CM 440.23, 707.1, 707.14, 707.15
Infection (cellulitis, 
osteomyelitis, gangrene)

ICD‐9‐CM 040.0, 440.24, 440.2 + 785.4, 
250.7 + 785.4, 680.7, 681.1, 681.10, 
682.7, 730.07, 730.17, 730.27, 
730.97

Amputation ICD‐9‐CM 84.10, 84.11, 84.12, 84.13, 84.14, 
84.15, 84.16, 84.17, 84.18, 84.19

CPT‐4 27290, 27295, 27590–27598, 
27880–27889, 28800, 28805, 28810, 
28820, 28825

Li, 2020 Ulceration Hospital medical 
records

ICD‐9‐CM 440.23, 707.1, 707.14, 707.15

Amputation ICD‐9‐CM 
(Procedures)

84.10, 84.11, 84.12, 84.13, 84.14, 
84.15, 841.16, 84.17, 84.18, 84.19

Lu, 2021 Ulceration Population‐based health 
insurance database

ICD‐9‐CM 440.23, 707.1x

Infection (gangrene) ICD‐9‐CM 440.24, 785.4

Tai, 2021 Ulceration Population‐based health 
insurance database

ICD‐9‐CM 707.06, 707.07, 707.1, 892, 893

Lovell, 2022 Ulceration Electronic medical 
records

ICD NR

Cross‐sectional studies
Lin, 2019 Diabetic foot Insurance claims data ICD‐9 (040.0x, 785,4x, or 440.24) with 

(250.7x, 440.2x, 440.21, 440.22, or 
440.23) 
440.23, 680.7, 681.1, 681.10, or 
682.7, 707.1x, 707.14, 707.15, 
730.07, 730.17, 730.27, 730.97, 
V49.71‐V49.77, V52.1x, 84.11–84.17

Infection (gangrene, 
osteomyelitis, and cellulitis 
or abscess)

ICD‐9 (040.0x, 785,4x, or 440.24) with 
(250.7x, 440.2x, 440.21, 440.22, or 
440.23) 
440.23, 680.7, 681.1, 681.10, or 
682.7, 707.1x, 707.14, 707.15, 
730.07, 730.17, 730.27, 730.97

Amputation ICD‐9 V49.71‐V49.77, V52.1x, 84.11–84.17
Bundó, 2022 Diabetic foot Primary health care 

database
ICD‐10 L97, E11.621, M86, I96, E11.52, 

Z89, M14.6, E11.61
ICD‐10 
(Procedures)

0Y6

(Continues)
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showed a statistically significant non‐zero regression coefficient 
(Wald test p = 0.012 and p = 0.036, respectively). Age at 
enrolment also showed a statistically significant non‐zero 
regression coefficient (Wald test p = 0.030), although it did 
not account for a meaningful reduction in between‐study het
erogeneity. Only the length of follow‐up resulted in a slight shift 
in the pooled effect estimate (60.09; 95% CI, 25.69–134.17 cases 
per 1000 persons), noting that this variable was available for 
only five studies.

3.4.2 | Prevalence of Past Ulcerations

Twenty studies contributed to the analysis (Figure 5). The 
random‐effects pooled prevalence of historical (past) ulcerations 
was 72.63 (95% CI, 48.21–108.02) cases per 1000 persons, with 
substantial heterogeneity (Q = 1373.83; df = 19; p < 0.001; 
I2 = 98.6%; τ2 = 0.97). When stratified by geographical region, the 
pooled subgroup prevalence estimates were 95.85 (95% CI, 
73.38–131.90) cases per 1000 persons in America, 31.89 (95% CI, 

TABLE 2 | (Continued)

Author, year Diabetic foot definition Data source 
Classification 
system used Codes

Ulceration ICD‐10 L97, E11.621
Infection (osteomyelitis, 
gangrene)

ICD‐10 M86, I96, E11.52

Amputation ICD‐10 Z89
ICD‐10 
(Procedures)

0Y6

Abbreviations: CPT‐4, Current Procedural Terminology—Version 4; HICDA‐2, Hospital International Classification of Disease Adaptation—version 2; ICD, International 
Classification of Diseases; ICD‐10, ICD ‐ 10th revision; ICD‐10‐AM, ICD‐10—Australian Modification; ICD‐9, ICD—9th revision—Clinical Modification; ICD‐9‐CM, 
ICD‐9—Clinical Modification; ICD‐9‐CM‐A, ICD‐9‐CM—Australian; ICDA‐8, ICD Adapted—8th revision; KCD‐6, Korean Standard Classification of Diseases—6th 
version; OPCS‐4, Office of Population Censuses and Surveys Classification of Surgical Operations and Procedures—4th revision.

FIGURE 2 | Forest plot showing the estimated incidence of ulcerations. Studies are stratified by geographical zone and coloured according to their 
design, with green and magenta used in prospective and retrospective studies, respectively. The summary polygon below each subgroup (filled in 
blue) shows the results of a fixed or random‐effects model for just the studies within that group. The summary polygon at the bottom of the plot 
shows the results of the model when all studies are analysed. The test for subgroup difference (QM) reflects the statistical significance of the 
subgroup covariate when included in a meta‐regression model. The number of events and person‐years is reported only for studies with available 
information. I2, Inconsistency measure; Q, Cochran's Q statistic, along with degrees of freedom (df) and its p‐value; RE, Random‐effects; τ2, 
Between‐study variance.
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9.01–106.68) in Europe, 74.16 (95% CI, 45.00–119.85) in Asia, and 
126.62 (95% CI, 80.82–192.93) in Africa. As for Oceania, only one 
study was included in the meta‐analysis, reporting a prevalence of 
50.18 (95% CI, 41.79–60.15) cases per 1000 persons.

Visual inspection of the funnel plot revealed no marked asym
metry, and Begg and Mazumdar's rank correlation test showed 
no significant correlation between effect size and study preci
sion (Kendall's τ = −0.02, p = 0.92) (Supporting Information S1: 
Figure S7). In the meta‐regression analysis (Table 4), length of 
follow‐up, age at enrolment, and geographical zone accounted 
for the largest reductions in between‐study heterogeneity 
(R2 = 58.3%, 20.9%, and 19.9%, respectively). None of these 
covariates showed a statistically significant non‐zero regression 
coefficient. The study setting showed a statistically significant 
non‐zero regression coefficient (Wald tests p < 0.001), although 
it did not account for a meaningful reduction in between‐study 

heterogeneity. Only length of follow‐up resulted in a substantial 
shift in the pooled effect estimate (62.56; 95% CI, 31.36–120.93 
cases per 1000 persons), noting that this variable was available 
for only three studies.

3.4.3 | Prevalence of Amputations

Twenty‐eight studies contributed to the analysis (Figure 6). The 
random‐effects pooled prevalence of amputations was 14.75 
(95% CI, 9.52–22.77) cases per 1000 persons, with substantial 
heterogeneity (Q = 4934.45; df = 27; p < 0.001; I2 = 99.5%; 
τ2 = 1.35). When stratified by geographical region, the pooled 
subgroup prevalence estimates were 34.03 (95% CI, 26.20–44.09) 
cases per 1000 persons in America, 18.98 (95% CI, 4.84–71.50) in 
Europe, 8.89 (95% CI, 4.26–18.45) in Asia, 21.95 (95% CI, 
12.26–38.97) in Africa, and 14.24 (95% CI, 7.31–27.55) in 
Oceania.

TABLE 3 | Results from meta‐regression for both the incidence of ulcerations and amputations, along with an assessment of residual 
heterogeneity.

Outcome Covariate
Meta‐regression analysis

Heterogeneity 
assessment

pe Cochran's Q (df) p (Q test) Pooled estimate τ2f R2 (%)g

Ulcerations None (random‐effects MA) — 75346.60 (df = 26) p < 0.001 10.93 [6.67, 17.91] 1.69 —
Study's publication year p = 0.003 37071.66 (df = 25) p < 0.001 10.95 [7.11, 16.86] 1.29 23.9
Age at enrolment (years) p = 0.300 36513.14 (df = 24) p < 0.001 11.07 [6.64, 18.46] 1.75 0.0
Sex (% of women) p = 0.270 12138.50 (df = 24) p < 0.001 10.66 [6.41, 17.71] 1.72 0.0
Diabetes duration (years) p = 0.890 4904.75 (df = 17) p < 0.001 13.47 [7.69, 23.60] 1.53 9.7
Follow‐up (years) p = 0.370 40585.42 (df = 21) p < 0.001 10.66 [5.99, 18.98] 1.97 0.0
Study period (years)d p = 0.070 11554.98 (df = 22) p < 0.001 9.56 [6.01, 15.20] 1.37 18.7
Study design (retrospective vs. 
prospective study)

p = 0.110 55114.56 (df = 25) p < 0.001 10.95 [6.79, 17.67] 1.59 6.1

Diabetic foot identification 
method (diagnostic codes vs. others)

p = 0.280 47339.29 (df = 25) p < 0.001 10.95 [6.70, 17.91] 1.68 0.8

Data sourceb p = 0.180 25384.61 (df = 23) p < 0.001 10.95 [6.81, 17.62] 1.57 7.3
Settingc p = 0.830 34472.31 (df = 23) p < 0.001 10.93 [6.54, 18.29] 1.84 0.0
Geographical zonea p = 0.450 28059.93 (df = 23) p < 0.001 10.90 [6.63, 17.93] 1.72 0.0

Amputations None (random‐effects MA) — 8500.51 (df = 23) p < 0.001 3.58 [1.93, 6.63] 2.31 —
Study's publication year p = 0.056 8386.29 (df = 22) p < 0.001 3.56 [1.98, 6.39] 2.08 9.9
Age at enrolment (years) p = 0.540 7641.41 (df = 19) p < 0.001 3.59 [1.77, 7.28] 2.66 0.0
Sex (% of women) p = 0.610 3492.89 (df = 16) p < 0.001 3.64 [1.75, 7.58] 2.43 0.0
Diabetes duration (years) p = 0.520 2312.35 (df = 14) p < 0.001 2.82 [1.42, 5.59] 1.87 19.1
Follow‐up (years) p = 0.032 3144.96 (df = 13) p < 0.001 2.19 [1.09, 4.43] 1.83 20.6
Study period (years)d p = 0.090 7179.65 (df = 20) p < 0.001 3.48 [1.90, 6.38] 2.13 7.7
Study design (retrospective 
vs. prospective study)

p = 0.560 8313.58 (df = 22) p < 0.001 3.58 [1.92, 6.70] 2.38 0.0

Diabetic foot identification 
method (diagnostic codes vs. others)

p = 0.170 6685.01 (df = 22) p < 0.001 3.55 [1.93, 6.51] 2.38 0.0

Data sourceb p = 0.800 7936.02 (df = 20) p < 0.001 3.58 [1.88, 6.82] 2.53 0.0
Settingc p = 0.770 7456.51 (df = 20) p < 0.001 3.54 [1.85, 6.75] 2.53 0.0
Geographical zonea p = 0.024 8051.36 (df = 20) p < 0.001 3.51 [2.03, 6.08] 1.82 21.3

Abbreviations: df, Degrees of freedom referred to the Cochran's Q test; MA, Meta‐analysis.
aThe following geographical regions were considered: America, Europe, Asia, Africa, and Oceania.
bThe following types of data sources were considered: primary data collection only, multiple data sources, healthcare data sources, and other databases.
cThe following settings were considered: population‐/registry‐based, primary/community care‐based, specialist outpatient clinic‐based, and hospital‐based/inpatient or 
tertiary care.
dThe study period is defined by the combination of two study‐level covariates: the calendar year in which the study starts and the study duration, calculated as the 
difference between the study end year and the study start year. Both covariates were included in the model.
ep‐value from omnibus Wald‐type test of parameters (i.e., study‐level covariates included in the model).
fBetween‐study variance was estimated before (total) and after (residual) inclusion of each study‐level covariate in the model.
gR2 is the proportion of the total between‐study variance that is ‘explained’ (i.e., reduced) by the effect of the study‐level covariate included in the model. Negative values 
are set to zero.
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Visual inspection of the funnel plot revealed no marked asym
metry, and Begg and Mazumdar's rank correlation test showed 
no significant correlation between effect size and study preci
sion (Kendall's τ = −0.25, p = 0.06) (Supporting Information S1: 
Figure S8). In the meta‐regression analysis (Table 4), length of 
follow‐up, DF identification method, study data source, diabetes 
duration, study setting, and publication year accounted for the 
largest reductions in between‐study heterogeneity (R2 = 76.4%, 
65.6%, 39.2%, 20.8%, 14.5%, and 13.4%, respectively). All these 
covariates were associated with the study mean estimates (i.e., 
at study‐level data), showing statistically significant non‐zero 
regression coefficients, with the exception of the study setting. 
Among them, only length of follow‐up also produced a mean
ingful shift in the pooled effect estimate (6.46 cases per 1000 
persons; 95% CI, 3.89–10.72), although this variable was avail
able in only five studies. Forest plots stratified using the DF 
identification method and type of data source are shown in 
Supporting Information S1: Figure S9 and S10, respectively.

3.4.4 | Prevalence of Infections

The forest plot in Supporting Information S1: Figure S11 sum
marises the prevalence of DF‐related infections. Only 4 studies 
were included, yielding a random‐effects pooled prevalence of 
DF infections of 39.17 (95% CI, 6.81–195.07) cases per 1000 
persons. Again, heterogeneity was substantial (Q = 1767.13, 

df = 3, p < 0.001; I2 = 99.8%; τ2 = 3.30), largely reflecting the 
marked divergence in prevalence estimates across studies, 
which limits the interpretability of the pooled estimate.

3.5 | Risk of Bias Assessment

Of the 18 prospective cohort studies included in this systematic 
review, 2 (11.1%) were considered at ‘moderate’ risk of bias, and 
the others (N = 16, 88.9%) were rated as at ‘low’ risk of bias 
(Supporting Information S1: Table S3). Among the 33 retro
spective cohort studies included, the risk of bias was considered 
‘moderate’ for 20 (60.6%), and ‘low’ for the remaining 13 studies 
(39.4%) (Supporting Information S1: Table S4). No cohort study 
was rated as having a ‘high’ risk of bias, and the majority of 
biases identified were related to the identification of con
founders and the strategies used to deal with these confounders, 
including whether appropriate statistical analyses were used to 
evaluate the risk factors associated with the development of DF 
disease.

Among the 38 cross‐sectional studies, 3 studies (7.9%) were 
considered at ‘moderate’ risk, and the remaining 35 studies 
(92.1%) at ‘low’ risk of bias (Supporting Information S1: Table 
S5). Most biases were related to the description of the setting 
and population under study.

FIGURE 3 | Forest plot showing the estimated incidence of amputations. Studies are stratified by geographical zone and coloured according to 
their design, with green and magenta used in prospective and retrospective studies, respectively. The summary polygon below each subgroup 
(filled in blue) shows the results of a fixed or random‐effects model for just the studies within that group. The summary polygon at the bottom of 
the plot shows the results of the model when all studies are analysed. The test for subgroup difference (QM) reflects the statistical significance of 
the subgroup covariate when included in a meta‐regression model. The number of events and person‐years is reported only for studies with 
available information. I2, Inconsistency measure; Q, Cochran's Q statistic, along with degrees of freedom (df) and its p‐value; RE, Random‐effects; 
τ2, Between‐study variance.
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4 | Discussion

This systematic review and meta‐analysis provides a compre
hensive overview of the global epidemiology of DF disease, 
encompassing ulcerations, amputations, and infections. Many of 
the primary studies included in our systematic review found that 
known risk factors for DF disease, such as prior ulceration and 
amputation, peripheral neuropathy (e.g., insensitivity to mono
filament), peripheral arterial disease, foot deformities, age and 
longer diabetes duration, are key predictors of new ulceration or 
amputation [18, 31–33, 35–38, 40, 43, 44, 46, 47, 53, 54, 57, 60, 66, 
67, 70, 72, 73, 80–82, 84, 85, 89, 91, 98–100, 103, 106, 108, 112, 113, 
116]. Epidemiological estimates of our study confirm that DF 
disease is common and clinically relevant in individuals with DM, 
with pooled incidence and prevalence estimates that underscore 
the magnitude of the problem worldwide. However, these esti
mates should be interpreted with caution, given the substantial 
heterogeneity observed across studies (I2 > 90%), as they did not 
represent a single common underlying effect. Instead, these es
timates offer a statistical summary across various study contexts 
rather than globally representative values. The primary sources of 

heterogeneity were the length of follow‐up, geographical zone, 
publication year, and diabetes duration. Moreover, the study 
period significantly reduced the between‐study variance con
cerning the incidence of ulceration, while age at enrolment 
significantly reduced the between‐study variance concerning the 
prevalence of past ulceration. Both DF identification and the 
study data source significantly reduced the between‐study vari
ance concerning the prevalence of amputation.

Overall, the meta‐regression analyses suggested that several 
study‐level characteristics were associated with reductions in 
between‐study heterogeneity, both for incidence and prevalence 
outcomes. These associations may reflect differences in study 
design, population characteristics, outcome ascertainment, and 
data structure across studies. The inclusion of community‐ 
based, general‐population, outpatient, hospital‐based, and 
inpatient populations also contributed to an increase in the 
statistical heterogeneity observed in the pooled estimates.

As for diabetes duration, it was identified as a significant risk 
factor for ulcers, infections, and/or amputation in numerous 

FIGURE 4 | Forest plot showing the estimated prevalence of active ulcerations. Studies are stratified by geographical zone and coloured according 
to the prevalence type: green for annual prevalence, magenta for period prevalence, and orange for unknown prevalence. The summary polygon 
below each subgroup (filled in blue) shows the results of a fixed or random‐effects model for just the studies within that group. The summary 
polygon at the bottom of the plot shows the results of the model when all studies are analysed. The test for subgroup difference (QM) reflects the 
statistical significance of the subgroup covariate when included in a meta‐regression model. The number of events and the total number of 
subjects are reported only for studies with available information. I2, Inconsistency measure; Q, Cochran's Q statistic, along with degrees of 
freedom (df) and its p‐value; RE, Random‐effects; τ2, Between‐study variance.
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TABLE 4 | Results from meta‐regression for both the prevalence of ulcerations and amputations, along with an assessment of residual 
heterogeneity.

Outcome Covariate
Meta‐regression analysis

Heterogeneity 
assessment

pe Cochran's Q (df) p (Q test) Pooled estimate τ2f R2 (%)g

Active ulcerations None (random‐effects MA) — 18485.45 (df = 37) p < 0.001 54.57 [37.63, 78.52] 1.46 —
Study's publication year p = 0.230 10505.53 (df = 36) p < 0.001 54.58 [37.73, 78.32] 1.44 1.5
Age at enrolment (years) p = 0.030 4134.28 (df = 29) p < 0.001 50.49 [33.74, 74.91] 1.39 5.3
Sex (% of women) p = 0.950 8091.03 (df = 31) p < 0.001 51.37 [33.59, 77.81] 1.65 0.0
Diabetes duration (years) p = 0.530 6842.05 (df = 24) p < 0.001 54.81 [37.57, 79.32] 1.03 29.6
Follow‐up (years) p = 0.120 619.67 (df = 3) p < 0.001 60.09 [25.69, 134.17] 1.01 31.0
Study period (years)d p = 0.130 14622.12 (df = 33) p < 0.001 54.69 [37.66, 78.77] 1.35 7.5
Study design 
(retrospective vs. prospective study)

p = 0.640 16068.45 (df = 35) p < 0.001 54.58 [37.41, 79.00] 1.51 0.0

Diabetic foot identification 
method (diagnostic codes vs. others)

p = 0.160 4940.93 (df = 36) p < 0.001 54.70 [37.96, 78.23] 1.41 3.4

Data sourceb p = 0.120 14344.52 (df = 33) p < 0.001 54.93 [38.03, 78.73] 1.39 4.8
Settingc p = 0.012 11180.56 (df = 34) p < 0.001 54.20 [38.55, 75.72] 1.23 16.3
Geographical zonea p = 0.036 16496.53 (df = 33) p < 0.001 54.20 [38.26, 76.26] 1.28 12.5
Prevalence type 
(annual vs. period vs. unknown)

p = 0.830 18169.50 (df = 35) p < 0.001 54.56 [37.29, 79.19] 1.54 0.0

Past ulcerations None (random‐effects MA) — 1373.83 (df = 19) p < 0.001 72.63 [48.21, 108.02] 0.97 —
Study's publication year p = 0.670 1373.59 (df = 18) p < 0.001 72.69 [47.80, 109.05] 1.01 0.0
Age at enrolment (years) p = 0.430 729.64 (df = 14) p < 0.001 76.60 [50.96, 113.59] 0.76 20.9
Sex (% of women) p = 0.140 896.64 (df = 16) p < 0.001 69.63 [45.14, 105.94] 0.97 0.1
Diabetes duration (years) p = 0.710 766.76 (df = 13) p < 0.001 80.58 [51.46, 124.02] 0.87 9.7
Follow‐up (years) p = 0.270 66.23 (df = 1) p < 0.001 62.56 [31.36, 120.93] 0.40 58.3
Study period (years)d p = 0.260 1205.10 (df = 16) p < 0.001 70.58 [44.95, 109.14] 1.05 0.0
Study design 
(retrospective vs. prospective study)

p = 0.130 1027.34 (df = 17) p < 0.001 72.81 [49.34, 106.19] 0.87 10.0

Diabetic foot identification method 
(diagnostic codes vs. others)

N.E. N.E. N.E. N.E. N.E. N.E.

Data sourceb p = 0.560 992.37 (df = 17) p < 0.001 72.52 [47.75, 108.68] 1.00 0.0
Settingc p = 0.800 1318.39 (df = 16) p < 0.001 72.70 [47.12, 110.55] 1.08 0.0
Geographical zonea p = 0.080 580.64 (df = 15) p < 0.001 72.50 [50.21, 103.61] 0.77 19.9
Prevalence type 
(annual vs. period vs. unknown)

p = 0.150 1028.98 (df = 17) p < 0.001 72.80 [49.19, 106.47] 0.88 8.6

Amputations None (random‐effects MA) — 4934.45 (df = 27) p < 0.001 14.75 [9.52, 22.77] 1.35 —
Study's publication year p = 0.028 2043.80 (df = 26) p < 0.001 14.61 [9.71, 21.93] 1.17 13.4
Age at enrolment (years) p = 0.640 1981.26 (df = 22) p < 0.001 16.12 [10.00, 25.91] 1.40 0.0
Sex (% of women) p = 0.930 2781.54 (df = 23) p < 0.001 15.86 [9.95, 25.19] 1.38 0.0
Diabetes duration (years) p = 0.009 2261.89 (df = 21) p < 0.001 15.09 [9.78, 23.20] 1.07 20.8
Follow‐up (years) p < 0.001 57.75 (df = 3) p < 0.001 6.46 [3.89, 10.72] 0.32 76.4
Study period (years)d p = 0.670 3443.52 (df = 23) p < 0.001 13.32 [8.21, 21.52] 1.47 0.0
Study design 
(retrospective vs. prospective study)

p = 0.430 4286.77 (df = 25) p < 0.001 14.83 [9.56, 22.95] 1.37 0.0

Diabetic foot identification method 
(diagnostic codes vs. others)

p < 0.001 424.48 (df = 26) p < 0.001 15.28 [11.70, 19.93] 0.47 65.6

Data sourceb p < 0.001 545.52 (df = 24) p < 0.001 14.98 [10.60, 21.13] 0.82 39.2
Settingc p = 0.070 2349.83 (df = 24) p < 0.001 14.87 [9.90, 22.27] 1.16 14.5
Geographical zonea p = 0.290 1849.75 (df = 23) p < 0.001 14.69 [9.58, 22.47] 1.29 4.5
Prevalence type 
(annual vs. period vs. unknown)

p = 0.140 3398.85 (df = 25) p < 0.001 14.79 [9.69, 22.51] 1.26 6.9

Abbreviations: df, Degrees of freedom referred to the Cochran's Q test; MA, Meta‐analysis; N.E., Not estimable.
aThe following geographical regions were considered: America, Europe, Asia, Africa, and Oceania.
bThe following types of data sources were considered: primary data collection only, multiple data sources, healthcare data sources, and other databases.
cThe following settings were considered: population‐/registry‐based, primary/community care‐based, specialist outpatient clinic‐based, and hospital‐based/inpatient or 
tertiary care.
dThe study period was defined by two study‐level covariates: the calendar year of study start and the study duration, calculated as the difference between the study end 
year and the study start year. Both covariates were included in the model; however, for cross‐sectional studies reporting annual prevalence only, the study start year alone 
was included.
ep‐value from omnibus Wald‐type test of parameters (i.e., study‐level covariates included in the model).
fBetween‐study variance was estimated before (total) and after (residual) inclusion of each study‐level covariate in the model.
gR2 is the proportion of the total between‐study variance that is ‘explained’ (i.e., reduced) by the effect of the study‐level covariate included in the model. Negative values 
are set to zero.
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studies [18, 32, 34, 36, 40, 54, 59, 60, 65, 67, 73, 75, 80, 84, 86, 89, 
92, 100, 103, 104, 106, 108, 110, 113–115]. Notably, DF disease 
can also be present at the initial diagnosis of DM, as highlighted 
by specific studies conducted at DM onset, that is, Nambuya 
et al. (1996) [79], Sinharay et al. (2012) [19], Chou et al. (2020) 
[42], and Rossboth et al. (2021) [116]. These studies generally 
reported lower, but non‐zero, epidemiological rates compared to 
research on patients with long‐standing diabetes, supporting the 
need for starting DF screening at DM diagnosis.

Regarding geographical zone, epidemiological estimates of DF 
disease in America and Africa were above the pooled global es
timates, whereas those in Europe, Asia, and Oceania generally fell 
below the average. Notably, the relatively lower estimates 
observed in Europe are striking when considered in light of the 
older age structure of its population and the consequently longer 
duration of diabetes. This pattern raises the hypothesis that dif
ferences in the organization and quality of diabetes care may 
contribute to mitigating the incidence of DF disease in Europe 
compared with other regions [118, 119]. However, drawing broad 
generalizations from a continental perspective is inherently 
challenging because of the potential influence of detection and 
temporal biases (i.e., diagnostic and therapeutic approaches vary 
substantially across countries and have evolved over time) and, 
more importantly, because each continent encompasses pop
ulations with markedly heterogeneous sociocultural and 

healthcare contexts. As a pragmatic example of intra‐regional 
differences, in our meta‐analysis of amputation incidence rates, 
American data included the study by Nelson et al. (1988) [84], 
based on standardized physical and laboratory examinations in a 
population of Pima Indians, as well as the study by Déruaz‐Luyet 
et al. (2020) [45], which analysed insurance claims from the IBM 
MarketScan Research Database in the general United States 
population. The two studies differ considerably in terms of study 
period, study population, and data sources, and found widely 
divergent incidence rates (10.36 cases per 1000 person‐years [95% 
CI, 8.32–12.90] and 1.90 cases per 1000 person‐years [95% CI, 
1.87–1.93], respectively).

Almost one‐third of the included studies evaluated the epide
miology of DF disease using real‐world data sources (e.g., claims 
databases, electronic health records, and diabetes registries). 
The primary advantage of real‐world data over other sources is 
their ability to capture large populations. Nevertheless, impor
tant limitations of real‐world data must be acknowledged. One 
of the most critical challenges is the accurate identification of 
the condition of interest, which relies on the availability of 
specific diagnostic codes (e.g., ICD‐9 or ICD‐10). Furthermore, 
because claims data are mainly collected for administrative 
purposes, the estimation of epidemiological parameters may 
vary across populations depending on administrative and coding 
practices.

FIGURE 5 | Forest plot showing the estimated prevalence of historical (past) ulcerations. Studies are stratified by geographical zone and coloured 
according to the prevalence type: green for annual prevalence, magenta for period prevalence, and orange for unknown prevalence. The summary 
polygon below each subgroup (filled in blue) shows the results of a fixed or random‐effects model for just the studies within that group. The 
summary polygon at the bottom of the plot shows the results of the model when all studies are analysed. The test for subgroup difference (QM) 
reflects the statistical significance of the subgroup covariate when included in a meta‐regression model. The number of events and the total 
number of subjects are reported only for studies with available information. I2, Inconsistency measure; Q, Cochran's Q statistic, along with 
degrees of freedom (df) and its p‐value; RE, Random‐effects; τ2, Between‐study variance.
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The high burden of DF conditions documented by this sys
tematic review confirms that DF disease remains a major public 
health concern worldwide [4]. These conditions are not only 
common but also extremely debilitating and potentially fatal. 
The prognosis for patients who undergo a foot amputation is 
generally poor, with overall 5‐year mortality rates varying from 
29% to 69% following minor amputations, and from 52% to 80% 
for patients with major amputations [120, 121]. Additionally, 
the related loss of mobility and independence associated with 
foot ulcers and amputations significantly impacts the quality of 
life [1, 7]. Lastly, DF disease exerts a substantial economic 
burden on healthcare systems [1, 2, 6, 7, 122]. Indeed, it is 
estimated that up to one‐third of all DM‐related healthcare ex
penditures may be attributable to DF conditions, including costs 
of prolonged wound care, surgeries, prosthetics, rehabilitation, 
and treatment of infections [122, 123]. Indirect costs should also 
be acknowledged, as DF disease is associated with loss of pro
ductivity, underemployment/unemployment, absenteeism, 
reduced family assets, early retirement, transportation, psycho
therapy, and home care [122].

4.1 | Limitations

This review has several limitations that need to be acknowl
edged. First, the evidence base was heterogeneous and subject to 
potential biases. We included studies from a wide range of 
settings with varying designs (cohort and cross‐sectional) and 

definitions of DF disease, which contributed to the high 
between‐study heterogeneity in these meta‐analyses. However, 
analyses were stratified by DF condition as defined by the study 
authors (i.e., ulceration, amputation, and infection) and we 
explored the primary pre‐identified sources of variability via 
meta‐regression. Second, there is a lack of standardisation in 
how DF outcomes are defined and reported across studies [4, 
124]. For example, the definition of ‘diabetic foot infection’ and 
‘lower extremity amputation’ considerably differed in severity or 
scope across the included studies, as demonstrated also by 
different codes searched in claims databases and clinical regis
tries. Third, despite the use of multiple databases and citation 
searching of relevant systematic reviews and meta‐analyses, 
some eligible studies may not have been captured. This may 
have occurred particularly for studies indexed using narrower or 
alternative terminology for specific outcomes, such as DF 
infection, ischaemia, or diabetes‐related amputation, or for 
studies in which DF outcomes were not the primary focus. 
Fourth, data gaps remain for certain regions and populations. 
Relatively few studies were found in Latin America and Oceania 
and in low‐income countries, reflecting the well‐known paucity 
of data on DF outcomes in these areas [12]. Restricting eligible 
studies to those published in English may have further excluded 
relevant data from non‐English‐speaking countries, potentially 
introducing language bias [125]. Fifth, separate analyses of 
epidemiologic measures for type 1 and type 2 diabetes could not 
be conducted because of insufficient disaggregated data. Sixth, 

FIGURE 6 | Forest plot showing the estimated prevalence of amputations. Studies are stratified by geographical zone and coloured according to 
the prevalence type: green for annual prevalence, magenta for period prevalence, and orange for unknown prevalence. The summary polygon below 
each subgroup (filled in blue) shows the results of a fixed or random‐effects model for just the studies within that group. The summary polygon at the 
bottom of the plot shows the results of the model when all studies are analysed. The test for subgroup difference (QM) reflects the statistical 
significance of the subgroup covariate when included in a meta‐regression model. The number of events and the total number of subjects are 
reported only for studies with available information. I2, Inconsistency measure; Q, Cochran's Q statistic, along with degrees of freedom (df) and 
its p‐value; RE, Random‐effects; τ2, Between‐study variance.
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the pooled estimate for infection incidence was based on only 
two studies. Although a narrative synthesis may have been more 
appropriate for this outcome, a meta‐analytic estimate was 
retained to ensure a consistent analytical framework across all 
evaluated outcomes. Therefore, this estimate should be consid
ered exploratory and interpreted with particular caution. Lastly, 
many of the included studies (especially retrospective studies) 
did not report or analyse how potential confounders or comor
bidities were accounted for; as noted in the risk‐of‐bias assess
ment, some cohort studies did not (or did not adequately) adjust 
for differences in patient risk factors when reporting incidence 
or prevalence. This could lead to over‐ or underestimation of the 
true rates.

5 | Conclusion

In conclusion, this study provides robust aggregated estimates 
and confirms that DF disease is a common and serious conse
quence of DM worldwide. Our findings reinforce the urgent 
need for continued investment in preventive foot care, patient 
education, and health system strategies (such as multidisci
plinary foot care teams and improved access to podiatric and 
vascular services) to reduce the occurrence of DF ulcers, am
putations, and infections. Importantly, the epidemiological in
dicators and insights into data source provided here may 
support future clinical and pharmacoepidemiological studies, 
for example, studies evaluating new interventions or monitoring 
temporal trends using large‐scale data.

Author Contributions

G.T. supervised the study and conceived the concept. M.C., S.C., F.M., 
D.P., and A.Fr. conducted the first phases of the review (i.e., preliminary 
searches, study selection process, formal screening of search results 
against eligibility criteria, data extraction, and risk of bias assessment). 
A.Fo. performed the statistical analyses and was responsible for the 
statistical methods and results sections. M.C. wrote the first draft of the 
manuscript. Y.I., S.C., E.M., and G.T. critically revised the manuscript. 
All authors made important intellectual contributions and approved the 
manuscript for submission. The corresponding author (G.T.) attests that 
all listed authors meet authorship criteria and that no others meeting 
the criteria have been omitted.

Acknowledgements

The authors wish to thank Elena Scanferla, Head of Library Services for 
the Medical, Scientific, and Technological Campus, Central Library ‘E. 
Meneghetti,’ University of Verona, for her expert assistance in the 
development of the search strategy for this study.

Funding

The study received an unconditional grant from Fondazione Alitti O.N. 
L.U.S. The sponsor did not influence the investigators in any phase of 
the study.

Conflicts of Interest

G.T. has served, over the last 3 years, on advisory boards/seminars funded 
by Sanofi, MSD, Eli Lilly, Sobi, Celgene, Daiichi Sankyo, Novo Nordisk, 
Gilead, and Amgen on topics not related to the content of this paper; he is 
also a scientific coordinator of the academic spin‐off ‘INSPIRE srl,’ which 
has received funding for conducting observational studies, systematic 

reviews, and research activities from contract research organizations (RTI 
Health Solutions, Pharmo Institute N.V.) and from Pharmaceutical 
Companies (Chiesi Italia, Kyowa Kirin srl, Daiichi Sankyo Italia S.p.A., 
Grunenthal, Novo Nordisk, Shionogi, and Sanofi). Additionally, he is 
currently a consultant for Viatris in a legal case concerning an adverse 
reaction to sertraline. None of these listed activities is related to the topic of 
the article. Y.I. participated in seminars as a lecturer on topics not related 
to the paper and sponsored by the following pharmaceutical companies in 
the last 2 years: AstraZeneca, Sandoz SpA. She is the CEO of the academic 
spin‐off ‘INSPIRE srl.’ The other authors have no relevant affiliations or 
financial involvement with any organization or entity with a financial 
interest in or financial conflict with the subject matter or materials dis
cussed in the manuscript. This includes employment, consultancies, 
honoraria, stock ownership or options, expert testimony, grants or patents 
received or pending, or royalties.

Data Availability Statement

The data that support the findings of this study are available from the 
corresponding author upon reasonable request.

References

1. K. McDermott, M. Fang, A. J. M. Boulton, E. Selvin, and C. W. Hicks, 
“Etiology, Epidemiology, and Disparities in the Burden of Diabetic Foot 
Ulcers,” Diabetes Care 46, no. 1 (2023): 209–221, https://doi.org/10.2337/ 
dci22‐0043.

2. J. B. Rice, U. Desai, A. K. G. Cummings, H. G. Birnbaum, M. Skor
nicki, and N. B. Parsons, “Burden of Diabetic Foot Ulcers for Medicare 
and Private Insurers,” Diabetes Care 37, no. 3 (2014): 651–658, https:// 
doi.org/10.2337/dc13‐2176.

3. J. B. Bonnet, C. Duflos, H. Huguet, A. Avignon, and A. Sultan, 
“Epidemiology of Major Amputation Following Diabetic Foot Ulcer: 
Insights From Recent Nationwide Data in the French National Health 
Registry (SNDS),” Diabetes & Metabolism 51, no. 2 (2025): 101606, 
https://doi.org/10.1016/j.diabet.2025.101606.

4. J. J. van Netten, S. A. Bus, J. Apelqvist, et al., “Definitions and 
Criteria for Diabetes‐Related Foot Disease (IWGDF 2023 Update),” 
Diabetes/Metabolism Research and Reviews 40, no. 3 (2024): e3654, 
https://doi.org/10.1002/dmrr.3654.

5. W. J. Jeffcoate and K. G. Harding, “Diabetic Foot Ulcers,” Lancet 361, 
no. 9368 (2003): 1545–1551, https://doi.org/10.1016/S0140‐6736(03)1316 
9‐8.

6. R. B. Hopkins, N. Burke, J. Harlock, J. Jegathisawaran, and R. 
Goeree, “Economic Burden of Illness Associated With Diabetic Foot 
Ulcers in Canada,” BMC Health Services Research 15, no. 1 (2015): 13, 
https://doi.org/10.1186/s12913‐015‐0687‐5.

7. R. M. Crocker, K. N. B. Palmer, D. G. Marrero, and T. W. Tan, 
“Patient Perspectives on the Physical, Psycho‐Social, and Financial 
Impacts of Diabetic Foot Ulceration and Amputation,” Journal of Dia
betes and Its Complications 35, no. 8 (2021): 107960, https://doi.org/10.1 
016/j.jdiacomp.2021.107960.

8. D. F. Bandyk, “The Diabetic Foot: Pathophysiology, Evaluation, and 
Treatment,” Seminars in Vascular Surgery 31, no. 2–4 (2018): 43–48, 
https://doi.org/10.1053/j.semvascsurg.2019.02.001.

9. C. J. W. Pankhurst and M. E. Edmonds, “Barriers to Foot Care in 
Patients With Diabetes as Identified by Healthcare Professionals,” Dia
betic Medicine 35, no. 8 (2018): 1072–1077, https://doi.org/10.1111/dme. 
13653.

10. M. Fayfman, M. C. Schechter, C. N. Amobi, et al., “Barriers to 
Diabetic Foot Care in a Disadvantaged Population: A Qualitative 
Assessment,” Journal of Diabetes and Its Complications 34, no. 12 (2020): 
107688, https://doi.org/10.1016/j.jdiacomp.2020.107688.

Diabetes/Metabolism Research and Reviews, 2026 43 of 48

 15207560, 2026, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/dm

rr.70223 by U
niversity D

egli Studi D
i V

erona, W
iley O

nline L
ibrary on [03/09/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.2337/dci22-0043
https://doi.org/10.2337/dci22-0043
https://doi.org/10.2337/dc13-2176
https://doi.org/10.2337/dc13-2176
https://doi.org/10.1016/j.diabet.2025.101606
https://doi.org/10.1002/dmrr.3654
https://doi.org/10.1016/S0140-6736(03)13169-8
https://doi.org/10.1016/S0140-6736(03)13169-8
https://doi.org/10.1186/s12913-015-0687-5
https://doi.org/10.1016/j.jdiacomp.2021.107960
https://doi.org/10.1016/j.jdiacomp.2021.107960
https://doi.org/10.1053/j.semvascsurg.2019.02.001
https://doi.org/10.1111/dme.13653
https://doi.org/10.1111/dme.13653
https://doi.org/10.1016/j.jdiacomp.2020.107688


11. L. Yang, Y. Wu, C. Zhou, et al., “Diabetic Foot Ulcer Risk Assess
ment and Prevention in Patients With Diabetes: A Best Practice 
Implementation Project,” JBI Evidence Implementation 20, no. 4 (2022): 
269–279, https://doi.org/10.1097/XEB.0000000000000306.

12. A. Bellia, M. Meloni, A. Andreadi, L. Uccioli, and D. Lauro, 
“Geographic and Ethnic Inequalities in Diabetes‐Related Amputations,” 
Frontiers in Clinical Diabetes and Healthcare 3 (2022): 855168, https:// 
doi.org/10.3389/fcdhc.2022.855168.

13. K. Rerkasem, “Seminar Review: Sociocultural Practices and Epide
miology of Diabetic Foot Problem: Lessons From a Study in Chiang Mai 
University Hospital, Thailand,” International Journal of Lower Extremity 
Wounds 10, no. 2 (2011): 86–90, https://doi.org/10.1177/153473461140 
6102.

14. X. Liu, H. Chu, J. Zhao, et al., “Exploring the Barriers of Patients 
With Diabetic Foot Complications in China: A Qualitative Interview 
Study,” Annals of Translational Medicine 9, no. 9 (2021): 792, https:// 
doi.org/10.21037/atm‐20‐7569.

15. Y. L. Hsieh, F. H. Lee, C. L. Chen, M. F. Chang, and P. H. Han, 
“Factors Influencing Intention to Receive Examination of Diabetes 
Complications,” Asian Nursing Research 10, no. 4 (2016): 289–294, 
https://doi.org/10.1016/j.anr.2016.10.004.

16. M. McPherson, M. Carroll, and S. Stewart, “Patient‐Perceived and 
Practitioner‐Perceived Barriers to Accessing Foot Care Services for 
People With Diabetes Mellitus: A Systematic Literature Review,” Jour
nal of Foot and Ankle Research 15, no. 1 (2022): 92, https://doi.org/10.11 
86/s13047‐022‐00597‐6.

17. M. Mairghani, K. Elmusharaf, D. Patton, et al., “The Prevalence and 
Incidence of Diabetic Foot Ulcers Among Five Countries in the Arab 
World: A Systematic Review,” supplement, Journal of Wound Care 26, 
no. S9 (2017): S27–S34, https://doi.org/10.12968/jowc.2017.26.Sup9.S27.

18. P. N. Nyamu, C. F. Otieno, E. O. Amayo, and S. O. McLigeyo, “Risk 
Factors and Prevalence of Diabetic Foot Ulcers at Kenyatta National 
Hospital, Nairobi,” East African Medical Journal 80, no. 1 (2003): 36–43, 
https://doi.org/10.4314/eamj.v80i1.8664.

19. K. Sinharay, U. K. Paul, A. K. Bhattacharyya, and S. K. Pal, “Prev
alence of Diabetic Foot Ulcers in Newly Diagnosed Diabetes Mellitus 
Patients,” Journal of the Indian Medical Association 110, no. 9 (2012): 
608–611, PMID: 23741832.

20. Y. Zhang, P. A. Lazzarini, S. M. McPhail, J. J. van Netten, D. G. 
Armstrong, and R. E. Pacella, “Global Disability Burdens of Diabetes‐ 
Related Lower‐Extremity Complications in 1990 and 2016,” Diabetes 
Care 43, no. 5 (2020): 964–974, https://doi.org/10.2337/dc19‐1614.

21. P. Zhang, J. Lu, Y. Jing, S. Tang, D. Zhu, and Y. Bi, “Global 
Epidemiology of Diabetic Foot Ulceration: A Systematic Review and 
Meta‐Analysis,” Annals of Medicine 49, no. 2 (2017): 106–116, https:// 
doi.org/10.1080/07853890.2016.1231932.

22. Y. Ezzatvar and A. García‐Hermoso, “Global Estimates of Diabetes‐ 
Related Amputations Incidence in 2010–2020: A Systematic Review and 
Meta‐Analysis,” Diabetes Research and Clinical Practice 195 (2023): 
110194, https://doi.org/10.1016/j.diabres.2022.110194.

23. Y. Zhang, H. Liu, Y. Yang, C. Feng, and L. Cui, “Incidence and Risk 
Factors for Amputation in Chinese Patients With Diabetic Foot Ulcers: 
A Systematic Review and Meta‐Analysis,” Frontiers in Endocrinology 15 
(2024): 1405301, https://doi.org/10.3389/fendo.2024.1405301.

24. P. A. Lazzarini, S. E. Hurn, M. E. Fernando, et al., “Prevalence of 
Foot Disease and Risk Factors in General Inpatient Populations: A 
Systematic Review and Meta‐Analysis,” BMJ Open 5, no. 11 (2015): 
e008544, https://doi.org/10.1136/bmjopen‐2015‐008544.

25. M. A. Olamoyegun, S. A. Afolabi, K. Alare, O. D. Olamoyegun, T. 
Adeyemi, and O. B. Olopade, “Epidemiology and Outcome of Diabetic 
Foot Ulcers in Nigeria: A Systematic Review and Meta‐Analysis of 2 

Decades: 2005–2024,” Journal of Epidemiology and Global Health 16, no. 
1 (2026): 19, https://doi.org/10.1007/s44197‐025‐00509‐4.

26. G. Trifirò, J. Sultana, and A. Bate, “From Big Data to Smart Data for 
Pharmacovigilance: The Role of Healthcare Databases and Other 
Emerging Sources,” Drug Safety 41, no. 2 (2018): 143–149, https://doi. 
org/10.1007/s40264‐017‐0592‐4.

27. M. Windle, H. D. Lee, S. T. Cherng, et al., “From Epidemiologic 
Knowledge to Improved Health: A Vision for Translational Epidemi
ology,” American Journal of Epidemiology 188, no. 12 (2019): 2049–2060, 
https://doi.org/10.1093/aje/kwz085.

28. J. Higgins and S. Green, Cochrane Handbook for Systematic Reviews 
of Interventions, Version 5.1.0 (Cochrane Collaboration, 2011).

29. J. A. C. Sterne, A. J. Sutton, J. P. A. Ioannidis, et al., “Recommen
dations for Examining and Interpreting Funnel Plot Asymmetry in 
Meta‐Analyses of Randomised Controlled Trials,” BMJ 343, no. 1 (July 
2011): d4002, https://doi.org/10.1136/bmj.d4002.

30. JBI Critical Appraisal Tools, JBI, Accessed August 7, 2025, https:// 
jbi.global/critical‐appraisal‐tools.

31. C. A. Abbott, A. L. Carrington, H. Ashe, et al., “The North‐West 
Diabetes Foot Care Study: Incidence of, and Risk Factors For, New 
Diabetic Foot Ulceration in a Community‐Based Patient Cohort,” Dia
betic Medicine 19, no. 5 (2002): 377–384, https://doi.org/10.1046/j.1464‐5 
491.2002.00698.x.

32. O. M. Abdelbagi, I. R. Musa, S. A. Altigani, A. Osman, and I. Adam, 
“Prevalence of Diabetic Foot Amongst Adults With Diabetes Mellitus in 
Northern Sudan: A Cross‐Sectional Study,” International Journal of 
Clinical Practice 75, no. 12 (2021): e14892, https://doi.org/10.1111/ijcp.1 
4892.

33. A. M. Adem, A. A. Andargie, A. B. Teshale, and H. F. Wolde, 
“Incidence of Diabetic Foot Ulcer and Its Predictors Among Diabetes 
Mellitus Patients at Felege Hiwot Referral Hospital, Bahir Dar, North
west Ethiopia: A Retrospective Follow‐Up Study,” Diabetes, Metabolic 
Syndrome and Obesity 13 (2020): 3703–3711, https://doi.org/10.2147/D 
MSO.S280152.

34. S. Akhtar, M. Latif, O. S. Ahmed, A. Sarwar, A. Alina, and M. I. 
Khan, “Prevalence of Foot Ulcers in Diabetic Patients in Punjab, 
Pakistan,” Frontiers in Public Health 10 (2022): 967733, https://doi.org/1 
0.3389/fpubh.2022.967733.

35. S. G. Anderson, H. Shoo, S. Saluja, et al., “Social Deprivation 
Modifies the Association Between Incident Foot Ulceration and Mor
tality in Type 1 and Type 2 Diabetes: A Longitudinal Study of a Primary‐ 
Care Cohort,” Diabetologia 61, no. 4 (2018): 959–967, https://doi.org/10. 
1007/s00125‐017‐4522‐x.

36. S. H. Assaad‐Khalil, A. Zaki, R. A. Abdel, et al., “Prevalence of 
Diabetic Foot Disorders and Related Risk Factors Among Egyptian 
Subjects With Diabetes,” Primary Care Diabetes 9, no. 4 (2015): 297–303, 
https://doi.org/10.1016/j.pcd.2014.10.010.

37. E. J. Boyko, J. H. Ahroni, V. Cohen, K. M. Nelson, and P. J. 
Heagerty, “Prediction of Diabetic Foot Ulcer Occurrence Using 
Commonly Available Clinical Information: The Seattle Diabetic Foot 
Study,” Diabetes Care 29, no. 6 (2006): 1202–1207, https://doi.org/10.233 
7/dc05‐2031.

38. C. Bruun, V. Siersma, A. D. Guassora, P. Holstein, and N. de Fine 
Olivarius, “Amputations and Foot Ulcers in Patients Newly Diagnosed 
With Type 2 Diabetes Mellitus and Observed for 19 Years. The Role of 
Age, Gender and Co‐Morbidity,” Diabetic Medicine 30, no. 8 (2013): 
964–972, https://doi.org/10.1111/dme.12196.

39. M. Bundó, J. Llussà, M. Serra, et al., “Incidence and Characteristics 
of Diabetic Foot Ulcers in Subjects With Type 2 Diabetes in Catalonian 
Primary Care Centres: An Observational Multicentre Study,” Primary 
Care Diabetes 15, no. 6 (2021): 1033–1039, https://doi.org/10.1016/j.pcd. 
2021.08.002.

44 of 48 Diabetes/Metabolism Research and Reviews, 2026

 15207560, 2026, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/dm

rr.70223 by U
niversity D

egli Studi D
i V

erona, W
iley O

nline L
ibrary on [03/09/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1097/XEB.0000000000000306
https://doi.org/10.3389/fcdhc.2022.855168
https://doi.org/10.3389/fcdhc.2022.855168
https://doi.org/10.1177/1534734611406102
https://doi.org/10.1177/1534734611406102
https://doi.org/10.21037/atm-20-7569
https://doi.org/10.21037/atm-20-7569
https://doi.org/10.1016/j.anr.2016.10.004
https://doi.org/10.1186/s13047-022-00597-6
https://doi.org/10.1186/s13047-022-00597-6
https://doi.org/10.12968/jowc.2017.26.Sup9.S27
https://doi.org/10.4314/eamj.v80i1.8664
https://doi.org/10.2337/dc19-1614
https://doi.org/10.1080/07853890.2016.1231932
https://doi.org/10.1080/07853890.2016.1231932
https://doi.org/10.1016/j.diabres.2022.110194
https://doi.org/10.3389/fendo.2024.1405301
https://doi.org/10.1136/bmjopen-2015-008544
https://doi.org/10.1007/s44197-025-00509-4
https://doi.org/10.1007/s40264-017-0592-4
https://doi.org/10.1007/s40264-017-0592-4
https://doi.org/10.1093/aje/kwz085
https://doi.org/10.1136/bmj.d4002
https://jbi.global/critical-appraisal-tools
https://jbi.global/critical-appraisal-tools
https://doi.org/10.1046/j.1464-5491.2002.00698.x
https://doi.org/10.1046/j.1464-5491.2002.00698.x
https://doi.org/10.1111/ijcp.14892
https://doi.org/10.1111/ijcp.14892
https://doi.org/10.2147/DMSO.S280152
https://doi.org/10.2147/DMSO.S280152
https://doi.org/10.3389/fpubh.2022.967733
https://doi.org/10.3389/fpubh.2022.967733
https://doi.org/10.1007/s00125-017-4522-x
https://doi.org/10.1007/s00125-017-4522-x
https://doi.org/10.1016/j.pcd.2014.10.010
https://doi.org/10.2337/dc05-2031
https://doi.org/10.2337/dc05-2031
https://doi.org/10.1111/dme.12196
https://doi.org/10.1016/j.pcd.2021.08.002
https://doi.org/10.1016/j.pcd.2021.08.002


40. M. Bundó, B. Vlacho, J. Llussà, et al., “Prevalence and Risk Factors 
of Diabetic Foot Disease Among the People With Type 2 Diabetes Using 
Real‐World Practice Data From Catalonia During 2018,” Frontiers in 
Endocrinology 13 (2022): 1024904, https://doi.org/10.3389/fendo.2022.10 
24904.

41. L. H. Chang, C. H. Chu, H. D. Lin, et al., “The Ankle Brachial Index 
Is Associated With Prognosis in Patients With Diabetic Kidney Disease,” 
Diabetes Research and Clinical Practice 108, no. 2 (2015): 316–322, 
https://doi.org/10.1016/j.diabres.2015.02.001.

42. M. Y. Chou, S. T. Huang, C. K. Liang, F. Y. Hsiao, and L. K. Chen, 
“Clinical Characteristics and 10‐Year Outcomes of Diabetes in Adults 
With Advancing Age at Onset: A Population Cohort,” Archives of 
Gerontology and Geriatrics 88 (2020): 104039, https://doi.org/10.1016/j.a 
rchger.2020.104039.

43. F. Crawford, C. McCowan, B. D. Dimitrov, et al., “The Risk of Foot 
Ulceration in People With Diabetes Screened in Community Settings: 
Findings From a Cohort Study,” QJM 104, no. 5 (2011): 403–410, https:// 
doi.org/10.1093/qjmed/hcq227.

44. C. Deerochanawong, P. D. Home, and K. G. Alberti, “A Survey of 
Lower Limb Amputation in Diabetic Patients,” Diabetic Medicine 9, no. 
10 (1992): 942–946, https://doi.org/10.1111/j.1464‐5491.1992.tb01736.x.

45. A. Déruaz‐Luyet, C. Raabe, E. M. Garry, K. G. Brodovicz, and L. A. 
Lavery, “Incidence of Lower Extremity Amputations Among Patients 
With Type 1 and Type 2 Diabetes in the United States From 2010 to 
2014,” Diabetes, Obesity and Metabolism 22, no. 7 (2020): 1132–1140, 
https://doi.org/10.1111/dom.14012.

46. F. S. Chiwanga and M. A. Njelekela, “Diabetic Foot: Prevalence, 
Knowledge, and Foot Self‐Care Practices Among Diabetic Patients in 
Dar es Salaam, Tanzania—A Cross‐Sectional Study,” Journal of Foot 
and Ankle Research 8, no. 1 (2015): 20, https://doi.org/10.1186/s13047‐0 
15‐0080‐y.

47. M. Dòria, V. Rosado, L. R. Pacheco, et al., “Prevalence of Diabetic 
Foot Disease in Patients With Diabetes Mellitus Under Renal Replace
ment Therapy in Lleida, Spain,” Biomed Research International 2016 
(2016): 7217586, https://doi.org/10.1155/2016/7217586.

48. L. B. Ebskov, “Epidemiology of Lower Limb Amputations in Di
abetics in Denmark (1980 to 1989),” International Orthopaedics 15, no. 4 
(1991): 285–288, https://doi.org/10.1007/BF00186862.

49. H. El Alami, I. Haddou, G. Benaadi, et al., “Prevalence and Risk 
Factors of Chronic Complications Among Patients With Type 2 Diabetes 
Mellitus in Morocco: A Cross‐Sectional Study,” Pan African Medical 
Journal 41 (2022): 182, https://doi.org/10.11604/pamj.2022.41.182.2 
5532.

50. W. Fabian, L. Majkowska, A. Stefański, and P. Molęda, “Prevalence 
of Diabetic Microangiopathy in Patients With Type 2 Diabetes Mellitus 
Managed in the Primary Care Setting: Discrepancies in the Opinion of 
Primary Care Physicians and Diabetologists,” Diabetologia Dos
wiadczalna i Kliniczna 7 (2007): 6–12.

51. M. A. Farrell, P. A. Quiggins, J. D. Eller, P. A. Owle, K. M. Miner, 
and E. S. Walkingstick, “Prevalence of Diabetes and Its Complications in 
the Eastern Band of Cherokee Indians,” Diabetes Care 16, no. 1 (1993): 
253–256, https://doi.org/10.2337/diacare.16.1.253.

52. G. R. Galstyan, O. K. Vikulova, M. A. Isakov, et al., “Trends in the 
Epidemiology of Diabetic Foot and Lower Limb Amputations in Russian 
Federation According to the Federal Diabetes Register (2013–2016),” 
Diabetes mellitus 21, no. 3 (2018): 170–177, https://doi.org/10.14341/DM 
9688.

53. N. S. Galvão, M. A. Bandeira, E. Oliveira de Carvalho, K. Woo, P. C. 
Nogueira, and V. L. Conceição de Gouveia Santos, “Prevalence of Dia
betic Foot Ulcers and Their Associated Factors in Patients From Public 
Hospitals in Manaus‐am,” Journal of Tissue Viability 30, no. 4 (2021): 
612–615, https://doi.org/10.1016/j.jtv.2021.07.006.

54. M. C. Gulliford and D. Mahabir, “Diabetic Foot Disease and Foot 
Care in a Caribbean Community,” Diabetes Research and Clinical 
Practice 56, no. 1 (2002): 35–40, https://doi.org/10.1016/s0168‐8227(01)0 
0343‐6.

55. A. Heald, M. Lunt, M. K. Rutter, et al., “Developing a Foot Ulcer 
Risk Model: What Is Needed to Do This in a Real‐World Primary Care 
Setting?,” Diabetic Medicine 36, no. 11 (2019): 1412–1416, https://doi. 
org/10.1111/dme.13837.

56. M. El‐Nahas, H. Gawish, M. Tarshoby, O. State, and A. Boulton, 
“The Prevalence of Risk Factors for Foot Ulceration in Egyptian Dia
betic Patients,” Practical Diabetes International 25, no. 9 (2008): 
362–366, https://doi.org/10.1002/pdi.1311.

57. D. Hirpa, T. Bekela, and D. Abdissa, “Prevalence of Diabetic Foot 
Ulcer and Its Associated Factors Among Diabetes Patients on Follow Up 
at Public Hospitals in West Shewa Zone, Oromia, Ethiopia,” Interna
tional Journal of Africa Nursing Sciences 19 (2023): 100578, https://doi. 
org/10.1016/j.ijans.2023.100578.

58. P. Holstein, N. Ellitsgaard, B. B. Olsen, and V. Ellitsgaard, 
“Decreasing Incidence of Major Amputations in People With Diabetes,” 
Diabetologia 43, no. 7 (2000): 844–847, https://doi.org/10.1007/s0012500 
51459.

59. M. Iwase, H. Fujii, U. Nakamura, et al., “Incidence of Diabetic Foot 
Ulcer in Japanese Patients With Type 2 Diabetes Mellitus: The Fukuoka 
Diabetes Registry,” Diabetes Research and Clinical Practice 137 (2018): 
183–189, https://doi.org/10.1016/j.diabres.2018.01.020.

60. A. S. Jbour, N. S. Jarrah, A. M. Radaideh, et al., “Prevalence and 
Predictors of Diabetic Foot Syndrome in Type 2 Diabetes Mellitus in 
Jordan,” Saudi Medical Journal 24, no. 7 (2003): 761–764, https://doi. 
org/10.15537/1658‐3175.2104.

61. O. Kuguyo, D. M. Mukona, V. Chikwasha, L. Gwanzura, J. Chir
enda, and A. Matimba, “Prevalence and Risk Factors for Diabetic Foot 
Complications Among People Living With Diabetes in Harare, 
Zimbabwe: A Cross‐Sectional Study,” BMC Public Health 24, no. 1 
(2024): 677, https://doi.org/10.1186/s12889‐023‐17610‐7.

62. L. A. Lavery, W. H. van Houtum, H. R. Ashry, D. G. Armstrong, and 
J. A. Pugh, “Diabetes‐Related Lower‐Extremity Amputations Dispro
portionately Affect Blacks and Mexican Americans,” Southern Medical 
Journal 92, no. 6 (1999): 593–599, https://doi.org/10.1097/00007611‐199 
906000‐00008.

63. L. A. Lavery, D. G. Armstrong, R. P. Wunderlich, J. Tredwell, and 
A. J. M. Boulton, “Diabetic Foot Syndrome: Evaluating the Prevalence 
and Incidence of Foot Pathology in Mexican Americans and Non‐ 
hispanic Whites From a Diabetes Disease Management Cohort,” Dia
betes Care 26, no. 5 (2003): 1435–1438, https://doi.org/10.2337/diacare.2 
6.5.1435.

64. A. S. Lee, S. M. Twigg, and J. R. Flack, “Metabolic Syndrome in 
Type 1 Diabetes and Its Association With Diabetes Complications,” 
Diabetic Medicine 38, no. 2 (2021): e14376, https://doi.org/10.1111/dme. 
14376.

65. J. S. Lee, M. Lu, V. S. Lee, D. Russell, C. Bahr, and E. T. Lee, 
“Lower‐Extremity Amputation. Incidence, Risk Factors, and Mortality 
in the Oklahoma Indian Diabetes Study,” Diabetes 42, no. 6 (1993): 
876–882, https://doi.org/10.2337/diab.42.6.876.

66. M. Kilic, N. Olgun, M. Dündar, et al., “Prevalence, Risk Level and 
Risk Factors of Diabetic Foot Ulcer Among Adult Individuals With 
Diabetes in the Southeastern Anatolia Region of Turkiye,” Journal of 
Tissue Viability 34, no. 1 (2025): 100839, https://doi.org/10.1016/j.jtv.202 
4.12.003.

67. C. I. Li, C. C. Lin, H. M. Cheng, et al., “Derivation and Validation of 
a Clinical Prediction Model for Assessing the Risk of Lower Extremity 
Amputation in Patients With Type 2 Diabetes,” Diabetes Research and 

Diabetes/Metabolism Research and Reviews, 2026 45 of 48

 15207560, 2026, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/dm

rr.70223 by U
niversity D

egli Studi D
i V

erona, W
iley O

nline L
ibrary on [03/09/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.3389/fendo.2022.1024904
https://doi.org/10.3389/fendo.2022.1024904
https://doi.org/10.1016/j.diabres.2015.02.001
https://doi.org/10.1016/j.archger.2020.104039
https://doi.org/10.1016/j.archger.2020.104039
https://doi.org/10.1093/qjmed/hcq227
https://doi.org/10.1093/qjmed/hcq227
https://doi.org/10.1111/j.1464-5491.1992.tb01736.x
https://doi.org/10.1111/dom.14012
https://doi.org/10.1186/s13047-015-0080-y
https://doi.org/10.1186/s13047-015-0080-y
https://doi.org/10.1155/2016/7217586
https://doi.org/10.1007/BF00186862
https://doi.org/10.11604/pamj.2022.41.182.25532
https://doi.org/10.11604/pamj.2022.41.182.25532
https://doi.org/10.2337/diacare.16.1.253
https://doi.org/10.14341/DM9688
https://doi.org/10.14341/DM9688
https://doi.org/10.1016/j.jtv.2021.07.006
https://doi.org/10.1016/s0168-8227(01)00343-6
https://doi.org/10.1016/s0168-8227(01)00343-6
https://doi.org/10.1111/dme.13837
https://doi.org/10.1111/dme.13837
https://doi.org/10.1002/pdi.1311
https://doi.org/10.1016/j.ijans.2023.100578
https://doi.org/10.1016/j.ijans.2023.100578
https://doi.org/10.1007/s001250051459
https://doi.org/10.1007/s001250051459
https://doi.org/10.1016/j.diabres.2018.01.020
https://doi.org/10.15537/1658-3175.2104
https://doi.org/10.15537/1658-3175.2104
https://doi.org/10.1186/s12889-023-17610-7
https://doi.org/10.1097/00007611-199906000-00008
https://doi.org/10.1097/00007611-199906000-00008
https://doi.org/10.2337/diacare.26.5.1435
https://doi.org/10.2337/diacare.26.5.1435
https://doi.org/10.1111/dme.14376
https://doi.org/10.1111/dme.14376
https://doi.org/10.2337/diab.42.6.876
https://doi.org/10.1016/j.jtv.2024.12.003
https://doi.org/10.1016/j.jtv.2024.12.003


Clinical Practice 165 (2020): 108231, https://doi.org/10.1016/j.diabres.20 
20.108231.

68. K. D. Lin, C. C. Hsu, H. Y. Ou, C. Y. Wang, M. C. Chin, and S. J. 
Shin, “Diabetes‐Related Kidney, Eye, and Foot Disease in Taiwan: An 
Analysis of Nationwide Data From 2005 to 2014,” supplement, Journal 
of the Formosan Medical Association 118, no. S2 (2019): S103–S110, 
https://doi.org/10.1016/j.jfma.2019.07.027.

69. P. Lindegård, B. Jonsson, and F. Lithner, “Amputations in Diabetic 
Patients in Gotland and Umeå Counties 1971–1980,” supplement, Acta 
Medica Scandinavica—Supplement 687, no. S687 (1984): 89–93, https:// 
doi.org/10.1111/j.0954‐6820.1984.tb08747.x.

70. L. Lovell, A. Dunkley, D. Webb, J. Jarvis, and C. Gillies, “Incidence, 
Prevalence, and Potential Risk Factors for Diabetic Foot Ulceration: A 
Retrospective Review at a Multidisciplinary Centre in Barbados,” In
ternational Wound Journal 20, no. 4 (2023): 935–941, https://doi.org/10. 
1111/iwj.13940.

71. C. W. Lu, Y. F. Wu, T. H. Chen, et al., “A Nationwide Cohort 
Investigation on Pay‐for‐Performance and Major Adverse Limb Events 
in Patients With Diabetes,” Preventive Medicine 153 (2021): 106787, 
https://doi.org/10.1016/j.ypmed.2021.106787.

72. T. G. Mariam, A. Alemayehu, E. Tesfaye, et al., “Prevalence of 
Diabetic Foot Ulcer and Associated Factors Among Adult Diabetic Pa
tients Who Attend the Diabetic Follow‐Up Clinic at the University of 
Gondar Referral Hospital, North West Ethiopia, 2016: Institutional‐ 
Based Cross‐Sectional Study,” Journal of Diabetes Research 2017 
(2017): 2879249, https://doi.org/10.1155/2017/2879249.

73. M. Monami, M. Vivarelli, C. M. Desideri, C. Colombi, N. March
ionni, and E. Mannucci, “Pulse Pressure and Prediction of Incident Foot 
Ulcers in Type 2 Diabetes,” Diabetes Care 32, no. 5 (2009): 897–899, 
https://doi.org/10.2337/dc08‐1679.

74. C. L. Morgan, C. J. Currie, N. C. Stott, M. Smithers, C. C. Butler, and 
J. R. Peters, “The Prevalence of Multiple Diabetes‐Related Complica
tions,” Diabetic Medicine 17, no. 2 (2000): 146–151, https://doi.org/10.10 
46/j.1464‐5491.2000.00222.x.

75. S. E. Moss, R. Klein, and B. E. Klein, “The Prevalence and Incidence 
of Lower Extremity Amputation in a Diabetic Population,” Archives of 
Internal Medicine 152, no. 3 (1992): 610–616, https://doi.org/10.1001/arc 
hinte.1992.00400150120022.

76. R. S. Most and P. Sinnock, “The Epidemiology of Lower Extremity 
Amputations in Diabetic Individuals,” Diabetes Care 6, no. 1 (1983): 
87–91, https://doi.org/10.2337/diacare.6.1.87.

77. I. S. Muller, W. J. C. de Grauw, W. H. E. M. van Gerwen, M. L. 
Bartelink, H. J. M. van Den Hoogen, and G. E. H. M. Rutten, “Foot 
Ulceration and Lower Limb Amputation in Type 2 Diabetic Patients in 
Dutch Primary Health Care,” Diabetes Care 25, no. 3 (2002): 570–574, 
https://doi.org/10.2337/diacare.25.3.570.

78. A. Khan and N. Junaid, “Prevalence of Diabetic Foot Syndrome 
Amongst Population With Type 2 Diabetes in Pakistan in Primary Care 
Settings,” Journal of Pakistan Medical Association 67, no. 12 (2017): 
1818–1824, PMID: 29256523.

79. A. P. Nambuya, M. A. Otim, H. Whitehead, D. Mulvany, R. Ken
nedy, and D. R. Hadden, “The Presentation of Newly‐Diagnosed Dia
betic Patients in Uganda,” QJM 89, no. 9 (1996): 705–711, https://doi. 
org/10.1093/qjmed/89.9.705.

80. E. A. A. Ndip, B. Tchakonte, and J. C. Mbanya, “A Study of the 
Prevalence and Risk Factors of Foot Problems in a Population of Dia
betic Patients in Cameroon,” International Journal of Lower Extremity 
Wounds 5, no. 2 (2006): 83–88, https://doi.org/10.1177/153473460628 
8413.

81. W. Negash, T. Assefa, B. Sahiledengle, et al., “Prevalences of Dia
betic Foot Ulcer and Foot Self‐Care Practice, and Associated Factors in 
Adult Patients With Diabetes in South‐East Ethiopia,” Journal of 

International Medical Research 50, no. 10 (2022): 3000605221129028, 
https://doi.org/10.1177/03000605221129028.

82. Y. M. Negussie, M. A. Komicha, and T. W. Abebe, “Incidence and 
Predictors of Diabetic Foot Ulcer Among Patients With Diabetes Mel
litus in a Diabetic Follow‐Up Clinic in Central Ethiopia: A Retrospective 
Follow‐Up Study,” BMJ Open 14, no. 6 (2024): e085281, https://doi.org/1 
0.1136/bmjopen‐2024‐085281.

83. T. Kästenbauer, S. Sauseng, G. Sokol, M. Auinger, and K. Irsigler, 
“A Prospective Study of Predictors for Foot Ulceration in Type 2 Dia
betes,” Journal of the American Podiatric Medical Association 91, no. 7 
(2001): 343–350, https://doi.org/10.7547/87507315‐91‐7‐343.

84. R. G. Nelson, D. M. Gohdes, J. E. Everhart, et al., “Lower‐Extremity 
Amputations in NIDDM. 12‐Yr Follow‐Up Study in Pima Indians,” 
Diabetes Care 11, no. 1 (1988): 8–16, https://doi.org/10.2337/diacare.11. 
1.8.

85. J. P. New, D. McDowell, E. Burns, and R. J. Young, “Problem of 
Amputations in Patients With Newly Diagnosed Diabetes Mellitus,” 
Diabetic Medicine 15, no. 9 (1998): 760–764, https://doi.org/10.1002/(SIC 
I)1096‐9136(199809)15:9<760::AID‐DIA672>3.0.CO;2‐I.

86. C. O’Shea, J. McClintock, and R. Lawrenson, “The Prevalence of 
Diabetic Foot Disease in the Waikato Region,” Diabetes Research and 
Clinical Practice 129 (2017): 79–85, https://doi.org/10.1016/j.diabres.201 
7.04.020.

87. M. Oe, K. Takehara, Y. Ohashi, et al., “Incidence of Foot Ulcers in 
Patients With Diabetes at a University Hospital in Tokyo Over a 5‐Year 
Period,” Diabetology International 6, no. 1 (2015): 55–59, https://doi.org/ 
10.1007/s13340‐014‐0174‐y.

88. R. B. Paisey, A. Abbott, C. F. Paisey, and D. Walker, “Diabetic Foot 
Ulcer Incidence and Survival With Improved Diabetic Foot Services: An 
18‐Year Study,” Diabetic Medicine 36, no. 11 (2019): 1424–1430, https:// 
doi.org/10.1111/dme.14045.

89. G. S. Panagoulias, I. Eleftheriadou, N. Papanas, et al., “Dryness of 
Foot Skin Assessed by the Visual Indicator Test and Risk of Diabetic 
Foot Ulceration: A Prospective Observational Study,” Frontiers in 
Endocrinology 11 (2020): 625, https://doi.org/10.3389/fendo.2020.00625.

90. S. Y. Park, S. Y. Rhee, S. Chon, et al., “Effects of Foot Complications 
in Patients With Type 2 Diabetes Mellitus on Public Healthcare: An 
Analysis Based on the Korea National Diabetes Program Cohort,” 
Journal of Diabetes and Its Complications 31, no. 2 (2017): 375–380, 
https://doi.org/10.1016/j.jdiacomp.2016.06.024.

91. G. Ponirakis, T. Elhadd, E. Al Ozairi, et al., “Prevalence and Risk 
Factors for Diabetic Peripheral Neuropathy, Neuropathic Pain and Foot 
Ulceration in the Arabian Gulf Region,” Journal of Diabetes Investigation 
13, no. 9 (2022): 1551–1559, https://doi.org/10.1111/jdi.13815.

92. M. E. Jørgensen, T. P. Almdal, and K. Faerch, “Reduced Incidence 
of Lower‐Extremity Amputations in a Danish Diabetes Population From 
2000 to 2011,” Diabetic Medicine 31, no. 4 (2014): 443–447, https://doi. 
org/10.1111/dme.12320.

93. S. D. Ramsey, K. Newton, D. Blough, et al., “Incidence, Outcomes, 
and Cost of Foot Ulcers in Patients With Diabetes,” Diabetes Care 22, no. 
3 (1999): 382–387, https://doi.org/10.2337/diacare.22.3.382.

94. A. Rasmussen, T. Almdal, A. Anker Nielsen, et al., “Decreasing 
Incidence of Foot Ulcer Among Patients With Type 1 and Type 2 Dia
betes in the Period 2001–2014,” Diabetes Research and Clinical Practice 
130 (2017): 221–228, https://doi.org/10.1016/j.diabres.2017.05.025.

95. S. J. Rith‐Najarian, S. E. Valway, and D. M. Gohdes, “Diabetes in a 
Northern Minnesota Chippewa Tribe. Prevalence and Incidence of 
Diabetes and Incidence of Major Complications, 1986–1988,” Diabetes 
Care 16, no. 1 (1993): 266–270, https://doi.org/10.2337/diacare.16.1.266.

46 of 48 Diabetes/Metabolism Research and Reviews, 2026

 15207560, 2026, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/dm

rr.70223 by U
niversity D

egli Studi D
i V

erona, W
iley O

nline L
ibrary on [03/09/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1016/j.diabres.2020.108231
https://doi.org/10.1016/j.diabres.2020.108231
https://doi.org/10.1016/j.jfma.2019.07.027
https://doi.org/10.1111/j.0954-6820.1984.tb08747.x
https://doi.org/10.1111/j.0954-6820.1984.tb08747.x
https://doi.org/10.1111/iwj.13940
https://doi.org/10.1111/iwj.13940
https://doi.org/10.1016/j.ypmed.2021.106787
https://doi.org/10.1155/2017/2879249
https://doi.org/10.2337/dc08-1679
https://doi.org/10.1046/j.1464-5491.2000.00222.x
https://doi.org/10.1046/j.1464-5491.2000.00222.x
https://doi.org/10.1001/archinte.1992.00400150120022
https://doi.org/10.1001/archinte.1992.00400150120022
https://doi.org/10.2337/diacare.6.1.87
https://doi.org/10.2337/diacare.25.3.570
https://doi.org/10.1093/qjmed/89.9.705
https://doi.org/10.1093/qjmed/89.9.705
https://doi.org/10.1177/1534734606288413
https://doi.org/10.1177/1534734606288413
https://doi.org/10.1177/03000605221129028
https://doi.org/10.1136/bmjopen-2024-085281
https://doi.org/10.1136/bmjopen-2024-085281
https://doi.org/10.7547/87507315-91-7-343
https://doi.org/10.2337/diacare.11.1.8
https://doi.org/10.2337/diacare.11.1.8
https://doi.org/10.1002/(SICI)1096-9136(199809)15:9%3C760::AID-DIA672%3E3.0.CO;2-I
https://doi.org/10.1002/(SICI)1096-9136(199809)15:9%3C760::AID-DIA672%3E3.0.CO;2-I
https://doi.org/10.1016/j.diabres.2017.04.020
https://doi.org/10.1016/j.diabres.2017.04.020
https://doi.org/10.1007/s13340-014-0174-y
https://doi.org/10.1007/s13340-014-0174-y
https://doi.org/10.1111/dme.14045
https://doi.org/10.1111/dme.14045
https://doi.org/10.3389/fendo.2020.00625
https://doi.org/10.1016/j.jdiacomp.2016.06.024
https://doi.org/10.1111/jdi.13815
https://doi.org/10.1111/dme.12320
https://doi.org/10.1111/dme.12320
https://doi.org/10.2337/diacare.22.3.382
https://doi.org/10.1016/j.diabres.2017.05.025
https://doi.org/10.2337/diacare.16.1.266


96. H. Stein, E. Yaacobi, and R. Steinberg, “The Diabetic Foot: Update 
on a Common Clinical Syndrome,” Orthopedics 26, no. 11 (2003): 
1127–1130, https://doi.org/10.3928/0147‐7447‐20031101‐13.

97. C. H. Tai, T. C. Hsieh, R. P. Lee, and S. F. Lo, “Prevalence and 
Medical Resource of Patients With Diabetic Foot Ulcer: A Nationwide 
Population‐Based Retrospective Cohort Study for 2001–2015 in Taiwan,” 
International Journal of Environmental Research and Public Health 18, 
no. 4 (2021): 1891, https://doi.org/10.3390/ijerph18041891.

98. M. Tindong, J. N. Palle, D. Nebongo, et al., “Prevalence, Clinical 
Presentation, and Factors Associated With Diabetic Foot Ulcer in Two 
Regional Hospitals in Cameroon,” International Journal of Lower Ex
tremity Wounds 17, no. 1 (2018): 42–47, https://doi.org/10.1177/1534734 
618764252.

99. A. Tola, L. D. Regassa, and Y. Ayele, “Prevalence and Associated 
Factors of Diabetic Foot Ulcers Among Type 2 Diabetic Patients 
Attending Chronic Follow‐Up Clinics at Governmental Hospitals of 
Harari Region, Eastern Ethiopia: A 5‐Year (2013–2017) Retrospective 
Study,” SAGE Open Medicine 9 (2021): 2050312120987385, https://doi. 
org/10.1177/2050312120987385.

100. V. Sarinnapakorn, T. Sunthorntepwarakul, C. Deerochanawong, S. 
Niramitmahapanya, and N. Napartivaumnuay, “Prevalence of Diabetic 
Foot Ulcers and Risk Classifications in Type 2 Diabetes Mellitus Patients 
at Rajavithi Hospital,” supplement, Journal of the Medical Association of 
Thailand 99, no. S2 (2016): S99–S105, PMID: 27266223.

101. C. J. Schofield, N. Yu, A. S. Jain, and G. P. Leese, “Decreasing 
Amputation Rates in Patients With Diabetes‐A Population‐Based 
Study,” Diabetic Medicine 26, no. 8 (2009): 773–777, https://doi.org/10.11 
11/j.1464‐5491.2009.02770.x.

102. M. Tomita, Y. Kabeya, M. Okisugi, et al., “Diabetic Micro
angiopathy is an Independent Predictor of Incident Diabetic Foot Ul
cer,” Journal of Diabetes Research 2016 (2016): 5938540, https://doi.org/ 
10.1155/2016/5938540.

103. B. Uivaraseanu, S. Bungau, D. M. Tit, et al., “Clinical, Pathological 
and Microbiological Evaluation of Diabetic Foot Syndrome,” Medicina 
(Kaunas) 56, no. 8 (2020): 380, https://doi.org/10.3390/medicina5608 
0380.

104. U. UroojNajami, F. Mumtaz, P. Bansal, and A. Gopal, “The 
Associated Risk Factors and the Prevalence of Diabetic Foot Ulcer—A 
Cross Sectional Study,” European Journal of Molecular and Clinical 
Medicine 9, no. 3 (2022): 2824–2831, ISSN 2515‐8260.

105. S. E. Valway, R. W. Linkins, and D. M. Gohdes, “Epidemiology of 
Lower‐Extremity Amputations in the Indian Health Service, 
1982–1987,” Diabetes Care 16, no. 1 (1993): 349–353, https://doi.org/10.2 
337/diacare.16.1.349.

106. S. P. Vibha, M. M. Kulkarni, A. B. Kirthinath Ballala, A. Kamath, 
and G. A. Maiya, “Community Based Study to Assess the Prevalence of 
Diabetic Foot Syndrome and Associated Risk Factors Among People 
With Diabetes Mellitus,” BMC Endocrine Disorders 18, no. 1 (2018): 43, 
https://doi.org/10.1186/s12902‐018‐0270‐2.

107. V. Viswanathan, N. Thomas, N. Tandon, et al., “Profile of Diabetic 
Foot Complications and Its Associated Complications—A Multicentric 
Study From India,” Journal of the Association of Physicians of India 53 
(2005): 933–936, PMID: 16515230.

108. D. P. Walters, W. Gatling, M. A. Mullee, and R. D. Hill, “The 
Distribution and Severity of Diabetic Foot Disease: A Community Study 
With Comparison to a Non‐Diabetic Group,” Diabetic Medicine 9, no. 4 
(1992): 354–358, https://doi.org/10.1111/j.1464‐5491.1992.tb01796.x.

109. N. R. Waugh, “Amputations in Diabetic Patients—A Review of 
Rates, Relative Risks and Resource Use,” Community Medicine 10, no. 4 
(1988): 279–288, https://doi.org/10.1093/oxfordjournals.pubmed.a04 
2420.

110. A. Sämann, O. Tajiyeva, N. Müller, et al., “Prevalence of the Dia
betic Foot Syndrome at the Primary Care Level in Germany: A Cross‐ 
Sectional Study,” Diabetic Medicine 25, no. 5 (2008): 557–563, https:// 
doi.org/10.1111/j.1464‐5491.2008.02435.x.

111. L. H. Williams, C. M. Rutter, W. J. Katon, et al., “Depression and 
Incident Diabetic Foot Ulcers: A Prospective Cohort Study,” American 
Journal of Medicine 123, no. 8 (2010): 748–754.e3, https://doi.org/10.101 
6/j.amjmed.2010.01.023.

112. L. Yazdanpanah, H. Shahbazian, S. Hesam, B. Ahmadi, and A. M. 
Zamani, “Two‐Year Incidence and Risk Factors of Diabetic Foot Ulcer: 
Second Phase Report of Ahvaz Diabetic Foot Cohort (ADFC) Study,” 
BMC Endocrine Disorders 24, no. 1 (2024): 46, https://doi.org/10.1186/s1 
2902‐024‐01572‐x.

113. L. Yazdanpanah, H. Shahbazian, I. Nazari, et al., “Prevalence and 
Related Risk Factors of Diabetic Foot Ulcer in Ahvaz, South West of 
Iran,” Diabetes & Metabolic Syndrome 12, no. 4 (2018): 519–524, https:// 
doi.org/10.1016/j.dsx.2018.03.018.

114. B. B. Younis, A. Shahid, R. Arshad, S. Khurshid, M. Ahmad, and H. 
Yousaf, “Frequency of Foot Ulcers in People With Type 2 Diabetes, 
Presenting to Specialist Diabetes Clinic at a Tertiary Care Hospital, 
Lahore, Pakistan,” BMC Endocrine Disorders 18, no. 1 (2018): 53, https:// 
doi.org/10.1186/s12902‐018‐0282‐y.

115. T. E. Robinson, T. Kenealy, M. Garrett, D. Bramley, P. L. Drury, 
and C. R. Elley, “Ethnicity and Risk of Lower Limb Amputation in 
People With Type 2 Diabetes: A Prospective Cohort Study,” Diabetic 
Medicine 33, no. 1 (2016): 55–61, https://doi.org/10.1111/dme.12807.

116. S. Rossboth, B. Rossboth, H. Schoenherr, M. Lechleitner, and W. 
Oberaigner, “Risk Factors for Diabetic Foot Complications Among Pa
tients With Type 2 Diabetes in Austria‐A Registry‐Based Retrospective 
Cohort Study,” Endocrinology, Diabetes & Metabolism 4, no. 4 (2021): 
e00286, https://doi.org/10.1002/edm2.286.

117. J. S. Yun, S. A. Cha, T. S. Lim, et al., “Cardiovascular Autonomic 
Dysfunction Predicts Diabetic Foot Ulcers in Patients With Type 2 
Diabetes Without Diabetic Polyneuropathy,” Medicine (Baltimore) 95, 
no. 12 (2016): e3128, https://doi.org/10.1097/MD.0000000000003128.

118. NCD Risk Factor Collaboration (NCD‐RisC), “Worldwide Trends 
in Diabetes Prevalence and Treatment From 1990 to 2022: A Pooled 
Analysis of 1108 Population‐Representative Studies With 141 Million 
Participants,” Lancet 404, no. 10467 (2024): 2077–2093, https://doi.org/1 
0.1016/S0140‐6736(24)02317‐1.

119. X. M. Wang, S. P. Zhong, G. F. Li, and F. Y. Zhuge, “Diabetes 
Duration or Age at Onset and Mortality in Insulin‐Dependent Diabetics: 
A Systematic Review and Meta‐Analysis,” Diabetology & Metabolic 
Syndrome 15, no. 1 (2023): 147, https://doi.org/10.1186/s13098‐023‐0111 
3‐x.

120. S. Cascini, N. Agabiti, M. Davoli, et al., “Survival and Factors 
Predicting Mortality After Major and Minor Lower‐Extremity Amputa
tions Among Patients With Diabetes: A Population‐Based Study Using 
Health Information Systems,” BMJ Open Diabetes Research & Care 8, no. 
1 (2020): e001355, https://doi.org/10.1136/bmjdrc‐2020‐001355.

121. J. C. Thorud, B. Plemmons, C. J. Buckley, N. Shibuya, and D. C. 
Jupiter, “Mortality After Nontraumatic Major Amputation Among Pa
tients With Diabetes and Peripheral Vascular Disease: A Systematic 
Review,” Journal of Foot and Ankle Surgery 55, no. 3 (2016): 591–599, 
https://doi.org/10.1053/j.jfas.2016.01.012.

122. F. W. A. Waibel, I. Uçkay, L. Soldevila‐Boixader, C. Sydler, and K. 
Gariani, “Current Knowledge of Morbidities and Direct Costs Related to 
Diabetic Foot Disorders: A Literature Review,” Frontiers in Endocri
nology 14 (2024): 1323315, https://doi.org/10.3389/fendo.2023.1323315.

123. D. G. Armstrong, M. A. Swerdlow, A. A. Armstrong, M. S. Conte, 
W. V. Padula, and S. A. Bus, “Five Year Mortality and Direct Costs of 
Care for People With Diabetic Foot Complications Are Comparable to 

Diabetes/Metabolism Research and Reviews, 2026 47 of 48

 15207560, 2026, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/dm

rr.70223 by U
niversity D

egli Studi D
i V

erona, W
iley O

nline L
ibrary on [03/09/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.3928/0147-7447-20031101-13
https://doi.org/10.3390/ijerph18041891
https://doi.org/10.1177/1534734618764252
https://doi.org/10.1177/1534734618764252
https://doi.org/10.1177/2050312120987385
https://doi.org/10.1177/2050312120987385
https://doi.org/10.1111/j.1464-5491.2009.02770.x
https://doi.org/10.1111/j.1464-5491.2009.02770.x
https://doi.org/10.1155/2016/5938540
https://doi.org/10.1155/2016/5938540
https://doi.org/10.3390/medicina56080380
https://doi.org/10.3390/medicina56080380
https://doi.org/10.2337/diacare.16.1.349
https://doi.org/10.2337/diacare.16.1.349
https://doi.org/10.1186/s12902-018-0270-2
https://doi.org/10.1111/j.1464-5491.1992.tb01796.x
https://doi.org/10.1093/oxfordjournals.pubmed.a042420
https://doi.org/10.1093/oxfordjournals.pubmed.a042420
https://doi.org/10.1111/j.1464-5491.2008.02435.x
https://doi.org/10.1111/j.1464-5491.2008.02435.x
https://doi.org/10.1016/j.amjmed.2010.01.023
https://doi.org/10.1016/j.amjmed.2010.01.023
https://doi.org/10.1186/s12902-024-01572-x
https://doi.org/10.1186/s12902-024-01572-x
https://doi.org/10.1016/j.dsx.2018.03.018
https://doi.org/10.1016/j.dsx.2018.03.018
https://doi.org/10.1186/s12902-018-0282-y
https://doi.org/10.1186/s12902-018-0282-y
https://doi.org/10.1111/dme.12807
https://doi.org/10.1002/edm2.286
https://doi.org/10.1097/MD.0000000000003128
https://doi.org/10.1016/S0140-6736(24)02317-1
https://doi.org/10.1016/S0140-6736(24)02317-1
https://doi.org/10.1186/s13098-023-01113-x
https://doi.org/10.1186/s13098-023-01113-x
https://doi.org/10.1136/bmjdrc-2020-001355
https://doi.org/10.1053/j.jfas.2016.01.012
https://doi.org/10.3389/fendo.2023.1323315


Cancer,” Journal of Foot and Ankle Research 13, no. 1 (2020): 16, https:// 
doi.org/10.1186/s13047‐020‐00383‐2.

124. X. Wang, C. X. Yuan, B. Xu, and Z. Yu, “Diabetic Foot Ulcers: 
Classification, Risk Factors and Management,” World Journal of Dia
betes 13, no. 12 (2022): 1049–1065, https://doi.org/10.4239/wjd.v13.i12. 
1049.

125. C. Stern and J. Kleijnen, “Language Bias in Systematic Reviews: 
You Only Get Out What You Put in,” JBI Evidence Synthesis 18, no. 9 
(2020): 1818–1819, https://doi.org/10.11124/JBIES‐20‐00361.

Supporting Information

Additional supporting information can be found online in the Sup
porting Information section.
Supporting Information S1: dmrr70223-sup-0001-suppl-data.docx.

48 of 48 Diabetes/Metabolism Research and Reviews, 2026

 15207560, 2026, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/dm

rr.70223 by U
niversity D

egli Studi D
i V

erona, W
iley O

nline L
ibrary on [03/09/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1186/s13047-020-00383-2
https://doi.org/10.1186/s13047-020-00383-2
https://doi.org/10.4239/wjd.v13.i12.1049
https://doi.org/10.4239/wjd.v13.i12.1049
https://doi.org/10.11124/JBIES-20-00361

	Global Epidemiology of Diabetic Foot: A Systematic Review and Meta‐Analysis
	1 | Introduction
	2 | Methods
	2.1 | Search Strategy and Selection Criteria
	2.2 | Data Extraction
	2.3 | Statistical Methods
	2.4 | Risk of Bias Assessment

	3 | Results
	3.1 | Study Selection
	3.2 | Study Characteristics
	3.3 | Incidence Rates of Diabetic Foot Complications
	3.3.1 | Incidence of Ulcerations
	3.3.2 | Incidence of Amputations
	3.3.3 | Incidence of Infections

	3.4 | Prevalence of Diabetic Foot Complications
	3.4.1 | Prevalence of Active Ulcerations
	3.4.2 | Prevalence of Past Ulcerations
	3.4.3 | Prevalence of Amputations
	3.4.4 | Prevalence of Infections

	3.5 | Risk of Bias Assessment

	4 | Discussion
	4.1 | Limitations

	5 | Conclusion
	Author Contributions
	Acknowledgements
	Funding
	Conflicts of Interest
	Data Availability Statement


