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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, I? statistic, and the between-study
variance (7). 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 (I* > 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.
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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,
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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, I? statistic, and the
between-study variance (°). 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 R’

Forest plots displayed both individual and pooled estimates with
95% Cls, 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 7 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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{ Identification of studies via databases and citation searching }

FIGURE1 |

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,

Records removed before screening:
Duplicate records removed (n = 1,021)
Records removed for other reasons (n = 0)

Records excluded
(n=1,992)

Reports not retrieved
(n=0)

Reports excluded (n = 46):
Conference abstract (n =21)
No epidemiologic data (n = 20)
Wrong study design (n = 2)
Duplicate data provided in another study (n = 2)
Not written in English (n = 1)

S
(=
]
§ Records identified from:
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S
Records screened )
(n=2,127)
\4
Reports sought for retrieval
= (n=135)
c
=
3
5 v
(77}
Reports assessed for eligibility
(n=135)
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Studies included in review )
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©
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Studies included in quantitative
synthesis (meta-analysis)
(n=83)
-

PRISMA flowchart showing the process of study selection.

Prospective cohort studies: (n = 18)
Retrospective cohort studies: (n = 33)
Cross-sectional studies: (n = 38)

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
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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; I* = 100%; > = 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 7 = —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 T = —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 7 = —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 T 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 (R*> = 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; I* = 99.7%; 7> = 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 = —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 (R* = 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; I* = 91.2%; ©* = 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;
I? = 99.8%; ©* = 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 7= —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 (R* = 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

Monami, 2009

Williams, 2010

Robinson, 2015

Park, 2016

Amputation

Ulceration

Ulceration

Amputation

Diabetic foot

Retrospective cohort studies

Most, 1983

Waugh, 1988

Ebskov, 1991

Deerochanawong,
1992

Farrell, 1993
Valway, 1993

New, 1998
Lavery, 1999
Ramsey, 1999

Schofield, 2009

Jorgensen, 2013

Anderson, 2017

Amputation

Amputation

Amputation

Amputation

Amputation

Amputation

Amputation
Amputation

Ulceration

Infection (osteomyelitis)

Amputation

Amputation

Amputation

Ulceration

Clinic amputation
registry
Hospital discharge
records

Administrative
databases

Electronic hospital
records

Insurance claims
records

Discharge data from
hospital abstracting
services

Hospital discharge
records

Hospital discharge
records

Surgery operation
records, hospital
discharge records

Clinical registry
Hospital discharge
records

Diabetes registry
Medical records

Administrative
databases

Hospital discharge
database
Administrative patient
registry

Primary care electronic
health records

ICD-9
(Procedures)

ICD-9-CM

ICD-9

ICD9-CM-A

ICD-10-AM

KCD-6

ICDA-8
(Procedures)

HICDA-2
ICD-9

ICD

OPCS-4

ICD-9
ICD-9

OPCS-4
ICD-9-CM
ICD-9-CM
ICD-9-CM
CPT-4
ICD-9-CM
OPCS-4

ICD-10

READ

84.10-84.17

707 or 440.23

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

V4970, V4971, V4972, V4973,
V4974, V4975, V4976, V4977,
V4978

4433800, 4435800, 4436100,
4436101, 4436400, 4436401,
4436700, 4436701, 4436702,
4437000, 4437600, 9055700

L97, R02, Z89.4, Z89.5, Z89.6,
789.7, 789.8, 789.9, S80.7, S80.8,
$80.9, S81.0, S81.7, S81.8, S81.9,
$90.7, $90.8, S90.9, S91.0, S91.1,
$91.2, S91.3, S91.7, T00.3, T04.3,
T13.0, T13.1, T13.3, T13.4, T13.5,
T13.8, T13.9

85.5-85.9

84.5-84.9
871-877, V52, V53.8, V54.8, V54.9

NR

X09-X11

84.11, 84.13-84.19
84.10-84.19

X07-X11

84.11-84.18, 84.30

041, 681.1, 682.6, 682.7, 682.9, 707.1
730

28810, 28820

84.10-84.15, 84.17

X09-X12

789.4, 789.5-789.7

NR

(Continues)
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TABLE 2 | (Continued)

Classification
Author, year Diabetic foot definition Data source system used Codes
Heald, 2019 Ulceration Electronic health READ NR
records
Chou, 2020 Infection Population-based health ICD-9-CM 040.0x, 250.7x, 440.2x, 680.7x,
insurance database 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 84.11-84.17
(Procedures)
Déruaz-Luyet, Ulceration Commercial insurance ICD-9-CM 440.23, 707.1, 707.14, 707.15
2020 Infection (cellulitis, claims database ICD-9-CM 040.0, 440.24, 440.2 + 785.4,
osteomyelitis, gangrene) 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 ICD-9-CM 440.23, 707.1, 707.14, 707.15
Amputation records ICD-9-CM 84.10, 84.11, 84.12, 84.13, 84.14,
(Procedures) 84.15, 841.16, 84.17, 84.18, 84.19
Lu, 2021 Ulceration Population-based health ICD-9-CM 440.23, 707.1x
Infection (gangrene) insurance database ICD-9-CM 440.24, 785.4
Tai, 2021 Ulceration Population-based health ICD-9-CM 707.06, 707.07, 707.1, 892, 893
insurance database
Lovell, 2022 Ulceration Electronic medical ICD NR
records
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, ICD-9 (040.0x, 785,4x, or 440.24) with
osteomyelitis, and cellulitis (250.7x, 440.2x, 440.21, 440.22, or
or abscess) 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
Bundo, 2022 Diabetic foot Primary health care ICD-10 L97, E11.621, M86, 196, E11.52,
database 789, M14.6, E11.61
ICD-10 0Y6
(Procedures)
(Continues)
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TABLE 2 | (Continued)

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

Ulceration ICD-10 L97, E11.621
Infection (osteomyelitis, ICD-10 MS6, 196, E11.52
gangrene)
Amputation ICD-10 789

ICD-10 0Y6

(Procedures)

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.

Author(s) and Year Events  Person-Years Weight IR [95%Cl]
America
Moss, 1992 164 1634 3.7% - 100.37 [86.12, 116.97
Ramsey, 1999 514 26715 3.8% L) 19.24 [17.65, 20.98
Lavery, 2003 228 3332 3.7% (] 68.43 [60.10, 77.91
Boyko, 2006 216 4343 3.7% 2zl 49.73 [43.52, 56.83
Williams, 2010 120 14243 3.7% - 8.43[7.04, 10.08
Lovell, 2022 3.8% L] 0.45[0.44, 045
RE Model for Subgroup (Q = 22819.97, df = 5, p < 0.001; I> = 100.0%, 7* = 4.01) | R 17.05 [ 3.43, 84.62]
Europe
Kéastenbauer, 2001 3.5% ; 21.70 [ 8.20, 35.10
Abbott, 2002 291 13226 3.7% HH 22.00[19.61, 24.68
Muller, 2002 3.7% = 21.00 [15.20, 22.80
Monami, 2009 86 7818 3.7% = 11.00[8.90, 13.59
Crawford, 2011 3.7% —a— 19.30 [12.70, 28.90
Anderson, 2017 1147 146528 3.8% mf 7.83[7.39, 8.29
Rasmussen, 2017 565 71770 3.8% ] 7.87[7.25, 8.55
Paisey, 2019 1640 165657 3.8% L} 9.90[9.43, 10.39
Panagoulias, 2020 55 1852 3.7% = 29.70 [22.80, 38.68
Bundo, 2021 256 61391 3.7% o 4.17[3.69, 4.71
Rossboth, 2021 140 104208 3.7% = 1.34[1.14, 1.59
RE Model for Subgroup (Q = 1090.35, df = 10, p < 0.001; I* = 99.1%, 1* = 0.81) i 10.61[6.19, 18.18]
Asia
Oe, 2014 6 2355 3.4% e 2.55[1.14, 5.67
Chang, 2015 9 1738 3.5% | —— 5.18[2.70, 9.95
Park, 2016 528 12273 3.8% Ll 43.02 [39.50, 46.85
Yun, 2016 22 5972 3.7% —a— 3.68[2.43, 5.60
Tomita, 2016 50 14291 3.7% —=— 3.50[2.65, 4.62
Ilwase, 2018 74 25517 3.7% - 2.90[2.31, 3.64
Lu, 2021 7650 2660177 3.8% L} 2.88[2.81, 2.94
Yazdanpanah, 2024 72 1443 3.7% - 49.90 [39.61, 62.87
RE Model for Subgroup (Q = 4131.91, df = 7, p < 0.001; I = 99.8%, ©° = 1.53) e 6.56 [2.75, 15.64]
Africa
Adem, 2020 3.7% = 40.00 [31.30, 50.50]
Negussie, 2024 3.7% —a— 15.10 [10.30, 22.20]
RE Model for Subgroup (Q = 17.70, df = 1, p < 0.001; I? = 94.4%, ° = 0.45) e E— 24.87 [ 9.58, 64.60]
RE Model for All Studies (Q = 75346.60, df = 26, p < 0.001; I> = 100.0%, 1* = 1.69) ot 10.93[6.67, 17.91]
Test for Subgroup Differences: Qy = 2.64, df = 3, p = 0.45
r T T T 1
0.2 1.0 5.0 15.0 125.0

Incidence rate (IR) per 1000 Person-Years (log scale)

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 (Qy) 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. I?, Inconsistency measure; Q, Cochran's Q statistic, along with degrees of freedom (df) and its p-value; RE, Random-effects; 2,

Between-study variance.

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;
I? = 98.6%; T = 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% ClI,
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TABLE 3 | Results from meta-regression for both the incidence of ulcerations and amputations, along with an assessment of residual

heterogeneity.
Heterogeneity
Meta-regression analysis assessment
Outcome Covariate p° Cochran’s Q (df) p (Q test) Pooled estimate 2 R? (%)®
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] 1.29 239
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=0270 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)" p =0.070 11554.98 (df = 22) p < 0.001 9.56 [6.01, 15.20] 1.37 18.7
Study design (retrospective vs. p =0.110 55114.56 (df = 25) p < 0.001 10.95 [6.79, 17.67] 1.59 6.1
prospective study)
Diabetic foot identification p = 0.280 47339.29 (df = 25) p < 0.001 10.95 [6.70, 17.91] 1.68 0.8
method (diagnostic codes vs. others)
Data source® p = 0.180 25384.61 (df = 23) p < 0.001 10.95 [6.81, 17.62] 1.57 7.3
Setting® p = 0.830 34472.31 (df = 23) p < 0.001 10.93 [6.54, 18.29] 1.84 0.0
Geographical zone® 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] 231 —
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)" p =0.09 7179.65 (df = 20) p < 0.001 3.48 [1.90, 6.38] 213 7.7
Study design (retrospective p = 0.560 8313.58 (df = 22) p < 0.001 3.58 [1.92, 6.70] 2.38 0.0
vs. prospective study)
Diabetic foot identification p =0.170 6685.01 (df = 22) p < 0.001 3.55[1.93, 6.51] 2.38 0.0
method (diagnostic codes vs. others)
Data source® p = 0.800 7936.02 (df = 20) p < 0.001 3.58 [1.88, 6.82] 2.53 0.0
Setting® p =0.770 7456.51 (df = 20) p < 0.001 3.54 [1.85, 6.75] 2.53 0.0
Geographical zone® 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.

“The following geographical regions were considered: America, Europe, Asia, Africa, and Oceania.

°The following types of data sources were considered: primary data collection only, multiple data sources, healthcare data sources, and other databases.

“The following settings were considered: population-/registry-based, primary/community care-based, specialist outpatient clinic-based, and hospital-based/inpatient or

tertiary care.

9The 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.

p-value from omnibus Wald-type test of parameters (i.e., study-level covariates included in the model).

fBetvveen»stucly variance was estimated before (total) and after (residual) inclusion of each study-level covariate in the model.

R? 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.

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 7= —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
(R?> = 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; I* = 99.5%;
7 = 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.
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Author(s) and Year Events Person-Years Weight IR [95%Cl]
America
Nelson, 1988 80 7723 4.3% - 10.36 [ 8.32, 12.90]
Moss, 1992 40 1835 4.2% —a— 21.80[15.99, 29.72]
Rith-Najarian, 1993 27 1038 4.2% =] 26.01[17.84, 37.93]
Farrell, 1993 66 3646 4.3% - 18.10 [14.22, 23.04]
Lee, 1993 4.2% e 18.00 [10.60, 29.80]
Lavery, 1999 4.3% - 6.97 [6.31, 7.62]
Lavery, 2003 20 3332 4.2% —=— 6.00[3.87, 9.30]
Déruaz-Luyet, 2020 11588 6100122 4.3% . 1.90[1.87, 1.93]
RE Model for Subgroup (Q = 1674.90, df = 7, p < 0.001; I = 99.6%, <* = 0.76) R 10.43 [ 5.64, 19.27]
Europe
Lindegard, 1984 182 1633771 4.3% Ha 0.11[0.10, 0.13]
Waugh, 1988 156 3062 4.3% - 50.95 [43.55, 59.60]
Deerochanawong, 1992 48 8421 4.3% o 5.70[4.30, 7.56]
Holstein, 2000 463 2715543 4.3% e 0.17[0.16, 0.19]
Kastenbauer, 2001 4 673 3.9% P 5.94[2.23,15.83]
Muller, 2002 4.2% —a— 6.00 [ 3.70, 8.30]
Schofield, 2009 397 99250 4.3% ! 4.00[3.63, 4.41]
Bruun, 2013 4.3% = 4.00[3.07, 5.12]
Jorgensen, 2013 384 100495 4.3% e 3.82[3.46, 4.22]
Panagoulias, 2020 i 1892 4.0% - 3.70[1.76, 7.76]
RE Model for Subgroup (Q = 6289.32, df = 9, p < 0.001; I = 99.9%, ° = 3.22) o l—— 2.89[0.94, 8.87]
Asia
Chang, 2015 1 1738 3.0% k { 0.58 [ 0.08, 4.09]
Yun, 2016 6 5972 4.0% e 1.00 [ 0.45, 2.24]
Iwase, 2018 12 25532 4.1% P 0.47[0.27, 0.83]
Li, 2020 504 238472 4.3% fi 2.11[1.94, 2.31]
Lu, 2021 3788 2660177 4.3% " 1.42[1.38, 1.47]
RE Model for Subgroup (Q = 87.14, df = 4, p < 0.001; I = 95.4%, t* = 0.34) g 1.10[0.61, 1.99]
Oceania
Robinson, 2015 892 422357 4.3% L 2.11[1.98, 2.26]
RE Model for All Studies (Q = 850051, df = 23, p < 0.001; I =99.7%, t*=2.31) e 3.58[1.93, 6.63]
Test for Subgroup Differences: Qy = 9.44, df = 3, p = 0.024
r T T T 1
0.0 0.5 25 15.0 100.0

FIGURE 3 |

Incidence rate (IR) per 1000 Person-Years (log scale)

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 (Qy) 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. I, Inconsistency measure; Q, Cochran's Q statistic, along with degrees of freedom (df) and its p-value; RE, Random-effects;

7%, Between-study variance.

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 T = —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 (R* = 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; I? = 99.8%; T* = 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.

38 of 48

Diabetes/Metabolism Research and Reviews, 2026

85U8017 SUOWIWIOD BA 181D 3 |qeot dde au Aq peusenob e sajole YO 8SN JO S8|nJ 0} ARIq1 78U UO A8]IA UO (SUO T PUOO-PUR-SLUIBY/WIOY A8 |1 Afe.d 18U JUO//:Sdny) SUORIPUOD pUe SWe | 8y} 89S *[9202/60/£0] UO ARIq118ulluO 8|1 BUOBA 1A IPMS 11Bea AisieAIun Ad £220/ 1IWP/Z00T OT/I0pAL0o" A3 1M Al 1julJuO//SAny Wiy pepeoiumod ‘9 ‘9202 ‘095.025T



Author(s) and Year Events Total Weight Prevalence [95%CI]
America

Galvéo, 2021 60 229 2.7% = 262.01[209.14, 322.78]
Lovell, 2022 33 225 2.6% - 146.67 [106.18, 199.15]
RE Model for Subgroup (Q = 9.06, df = 1, p = 0.003; I> = 89.0%, * = 0.23) i 199.51 [109.09, 336.56]
Europe

Morgan, 2000 1865 10287 2.7% [l 181.30[173.97, 188.86
Abbott, 2002 165 9516 2.7% F 17.34 [ 14.90, 20.17
Fabian, 2007 15 355 2:6% ] 4225[2563, 6889
Samann, 2008 40 4778 27% [ : 8.37 E 6.15. 11.39
Doria, 2016 16 92 26% Com 173.91 [109.36, 265.21

Uivaraseanu, 2020 252 2992 2.7% fu 84.22[74.79, 94.72

Bundo, 2022 2687 394266 2.7% W 6.82[ 6.56, 7.08
RE Model for Subgroup (Q = 12245 46, df = 6, p < 0.001; I = 100.0%, * = 2.08) e 39.13[13.71, 106.58]
Asia

Jbour, 2003 45 1142 27% e 9 40 [29.55, 52.37
Stein, 2003 49 3995 2.7% = 27 [ 9.28, 16.19
Sinharay, 2012 76 1674 2.7% - 45 40 [ 36.41, 56.48
Park, 2016 318 4405 2.7% ] 72.19[64.91, 8022

Khan, 2017 20 230 2:6% - 86.96 [ 56.78, 130.93
Iwase, 2018 98 4870 2.7% - 20.127 16.54, 24.47
Yazdanpanah, 2018 2.6% —=—{ 64.00 [ 46.40, 87.30
Younis, 2018 136 1940 2.7% ] 70.10[ 59. 56 82 35
Tai, 2021 849 162873 2.7% ) 521[ 48

Akhtar, 2022 2.7% = 168.36 [149 oo 187 00
Ponirakis, 2022 88 3021 27% - 2913 [ 2370, 3576
UroojNajami, 2022 24 500 2.6% —=— 48.00 [ 32.38, 70.61

Kilic, 2024 27% ey 171.00 [132.00, 215.00
RE Model for Subgroup (Q = 3875.62, df = 12, p < 0.001; I = 99.7%, 1° = 1.08) < 4525[26.14, 77.21]
Africa

Nambuya, 1996 10 252 2.5% f—=—o 39 68{21 48, 7217
Nyamu, 2003 82 1788 2.7% fay 4586 [ 37.08, 56.59
Ndip, 2006 39 300 26% 130.00 [ 96.44, 173.00
El-Nahas, 2008 15 1220 2.6% —a—] 12.30 [ 7.43, 20.29
Assaad-Khalil, 2014 122 2000 27% [ 61.00[51.32, 72.37
Chiwanga, 2015 62 404 2.7% = 153.47 [121.51,191.99
Mariam, 2017 38 279 2.6% o 136.20 [100.71. 181.66
Tindong, 2018 24 203 2.6% —— 118.23 [ 80.51, 170.33
Abdelbagi, 2021 260 2048 2.7% b 126.95 [113.22, 142.08
Tola, 2021 27% Fa 211.16 [175.45, 246.86
EI Alami, 2022 14 505 2.6% —=— 27.72[16.49, 46.26
Negash, 2022 2.6% —= 112.00 [ 74.20, 150.50
Hirpa, 2023 2.7% -y 187.00 [141.00, 233.00
Kuguyo, 2024 10 352 2.5% —e— 28.41[15.35, 51.98
RE Model for Subgroup (Q = 334.57, df = 13, p < 0.001; I = 96.1%, > = 0.79) < 79.10 [ 50.54, 121.73]
Oceania

Q'Shea, 2017 2 2192 2.0% b 0.91[ 023, 364]
Lee, 2020 96 1958 2.7% Fa 49.03 [40.30, 59.53]
RE Model for Subgroup (Q = 31.81, df = 1, p < 0.001; I = 96.9%, ° = 7.88) ————eT T e 7.24[ 0.14,274.84]
RE Model for All Studies (Q = 18485.45, df = 37, p< 0.001; 2 = 99.8%, ° = 1.46) R 2 54.57 [ 37.63, 78.52]
Test for Subgroup Differences: Qy = 10.27, df = 4, p = 0.036

0.2

T T T 1
5.0 25.0 100.0 500.0

Prevalence per 1000 person (log scale)

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 (Qy) 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. I?, Inconsistency measure; Q, Cochran's Q statistic, along with degrees of
freedom (df) and its p-value; RE, Random-effects; 2, Between-study variance.

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 (I* > 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
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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.
Heterogeneity
Meta-regression analysis assessment

Outcome Covariate p¢ Cochran's Q (df) p (Q test) Pooled estimate 2t R? (%)®

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 53
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)” p=0.130 14622.12 (df = 33) p < 0.001 54.69 [37.66, 78.77] 1.35 7.5
Study design p = 0.640 16068.45 (df = 35) p < 0.001 54.58 [37.41, 79.00] 1.51 0.0
(retrospective vs. prospective study)

Diabetic foot identification p =0.160 4940.93 (df = 36) p < 0.001 54.70 [37.96, 78.23] 1.41 34
method (diagnostic codes vs. others)

Data source® 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 zone® p =0.036 16496.53 (df = 33) p < 0.001 54.20 [38.26, 76.26] 1.28 12.5
Prevalence type p =0.830 18169.50 (df = 35) p < 0.001 54.56 [37.29, 79.19] 1.54 0.0
(annual vs. period vs. unknown)

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)" p = 0.260 1205.10 (df = 16) p < 0.001 70.58 [44.95, 109.14] 1.05 0.0
Study design p =0.130 1027.34 (df = 17) p < 0.001 72.81 [49.34, 106.19] 0.87 10.0
(retrospective vs. prospective study)

Diabetic foot identification method N.E. N.E. N.E. N.E. N.E. N.E.
(diagnostic codes vs. others)

Data source® p = 0.560 992.37 (df = 17) p < 0.001 72.52 [47.75, 108.68] 1.00 0.0
Setting® p = 0.800 1318.39 (df = 16) p < 0.001 72.70 [47.12, 110.55] 1.08 0.0
Geographical zone® p = 0.080 580.64 (df = 15) p < 0.001 72.50 [50.21, 103.61] 0.77 19.9
Prevalence type p =0.150 1028.98 (df = 17) p < 0.001 72.80 [49.19, 106.47] 0.88 8.6
(annual vs. period vs. unknown)

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)" p =0.670 3443.52 (df = 23) p < 0.001 13.32 [8.21, 21.52] 1.47 0.0
Study design p =0.430 4286.77 (df = 25) p < 0.001 14.83 [9.56, 22.95] 1.37 0.0
(retrospective vs. prospective study)

Diabetic foot identification method p < 0.001 424.48 (df = 26) p < 0.001 15.28 [11.70, 19.93] 0.47 65.6
(diagnostic codes vs. others)

Data source® p < 0.001 545.52 (df = 24) p < 0.001 14.98 [10.60, 21.13] 0.82 39.2
Setting® p =0.070 2349.83 (df = 24) p < 0.001 14.87 [9.90, 22.27] 1.16 14.5
Geographical zone® p = 0.290 1849.75 (df = 23) p < 0.001 14.69 [9.58, 22.47] 1.29 4.5
Prevalence type p =0.140 3398.85 (df = 25) p < 0.001 14.79 [9.69, 22.51] 1.26 6.9

(annual vs. period vs. unknown)

Abbreviations: df, Degrees of freedom referred to the Cochran's Q test; MA, Meta-analysis; N.E., Not estimable.

“The following geographical regions were considered: America, Europe, Asia, Africa, and Oceania.

The following types of data sources were considered: primary data collection only, multiple data sources, healthcare data sources, and other databases.

“The following settings were considered: population-/registry-based, primary/community care-based, specialist outpatient clinic-based, and hospital-based/inpatient or
tertiary care.

9The 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.

p-value from omnibus Wald-type test of parameters (i.e., study-level covariates included in the model).

fBetvveen»stucly variance was estimated before (total) and after (residual) inclusion of each study-level covariate in the model.

8R? 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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Author(s) and Year Events Total Weight Prevalence [95%Cl]
America
Moss, 1992 194 1834 51% = 105.78 [ 92.51, 120.70]
Gulliford, 2002 257 2106 5.1% - 122.03 [108.73, 136.72]
Lavery, 2003 122 1666 51% = 73.23[61.66, 86.77]
RE Model for Subgroup (Q = 24.11, df = 2, p < 0.001; 1?=91 1%, ?= 0.08) e 98.85[ 73.38, 131.90]
Europe
Walters, 1992 5.0% —=— 74.00 [ 58.00, 90.00
Abbott, 2002 295 9516 51% ! 31.00[27.70, 34.68
Samann, 2008 45 4778 5.0% e 942 7.04, 12.59
Doria, 2016 18 92 4.8% —a— 195.65 [126.88, 289.34
Rasmussen, 2017 87 12680 5.1% = 6.86 [ 5.56, 8.46
RE Model for Subgroup (Q = 367.16, df = 4, p < 0.001; I” = 98.9%, ° = 2.13) e —— 31.89[ 9.01, 106.68]
Asia
Sarinnapakorn, 2016 20 593 4.9% P 33.73[21.86, 51.70
Khan, 2017 15 230 4.8% | —— 65.22 [ 39.70, 105.35
Vibha, 2018 61 620 5.0% —a— 98.39[77.30, 124.45
Yazdanpanah, 2018 37 605 5.0% —a— 61.16 [ 44.63, 83.28
Kilic, 2024 53 357 5.0% —a— 148.46 [115.22, 189.24
RE Model for Subgroup (Q = 43.33, df = 4, p < 0.001; I = 90.8%, t* = 0.33) e — 74.16 [45.00, 119.85]
Africa
Ndip, 2006 37 300 5.0% —a— 123.33 [90.68, 165.61]
El-Nahas, 2008 70 1220 5.0% —=— 57.38 [45.64, 71.91]
Assaad-Khalil, 2014 173 2000 5.1% = 86.50 [ 74.95, 99.64]
Chiwanga, 2015 107 404 51% —— 264.85 [224.11, 310.04]
Tindong, 2018 28 203 4.9% —a— 137.93 [ 96.96, 192.53]
Kuguyo, 2024 59 352 5.0% f—a—q 167.61 [132.12, 210.33]
RE Model for Subgroup (Q = 146.04, df = 5, p < 0.001; I” = 96.6%, ° = 0.37) ~~iiiE— 126.62 [ 80.82, 192.93]
Oceania
O'Shea, 2017 110 2192 51% = 50.18 [41.79, 60.15]
RE Model for All Studies (Q = 1373.83, df = 19, p < 0.001; I = 98.6%, > = 0.97) o 72.63[48.21, 108.02]
Test for Subgroup Differences: Qy = 8.37, df =4, p = 0.08
I T T T T 1
5.0 15.0 50.0 125.0 250.0 500.0

Prevalence per 1000 person (log scale)

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 (Qu)
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. 2 Inconsistency measure; Q, Cochran's Q statistic, along with
degrees of freedom (df) and its p-value; RE, Random-effects; 2, Between-study variance.

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.
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Author(s) and Year Events Total Weight Prevalence [95%CI]
America
Moss, 1992 84 2363 3.7% = 35.55[28.79, 43.82
Lee, 1993 21 1011 3.6% —a— 20.77 [ 13.58, 31.65
Gulliford, 2002 92 2106 3.7% - 43.68 | 35.74, 53.30
Lavery, 2003 58 1666 3.7% = 34.81[27.01, 44.77
RE Model for Subgroup (Q = 10.19, df = 3, p = 0.017; I = 70.6%, ° = 0.06) - 34.03[26.20, 44.09]
Europe
Walters, 1992 3.6% = 13.00 [ 6.00, 20.00
Samann, 2008 73 4778 3.7% - 15.2812.16, 19.18
Bruun, 2013 51 1858 3.7% = 27.45]20.92, 35.94
Doéria, 2016 15 92 3.6% —a— 163.04 [100.75, 253.02
Bundo, 2022 943 394266 3.8% il 2.39[ 2.24, 255
RE Model for Subgroup (Q = 734.63, df = 4, p < 0.001; I? = 99.5%, ° = 2.45) e —— 18.98 [ 4.84, 71.50]
Asia
Jbour, 2003 53 1142 3.7% —— 46.41 [ 35.63, 60.25
Viswanathan, 2005 30 1319 3.7% —=— 22.7415.95, 32.34
Sarinnapakorn, 2016 13 593 3.6% —a— 21.92[12.77, 37.38
Khan, 2017 3 230 3.0% | 13.04[ 4.21, 39.65
lwase, 2018 22 4870 3.6% —a— 452[ 298, 6.85
Vibha, 2018 9 620 3.5% A 14.52 [ 7.57, 27.66
Yazdanpanah, 2018 6 605 3.3% {—— 9.92 | 4.46, 21.90
Lin, 2019 4049 2200626 3.8% " 1.841 1.78, 1.90
Chou 2020 85 123172 3.7% = 0.69[ 0.56, 0.85
85 32226 3.7% = 2.64[ 2.13, 3.2
Uroo|Na ami, 2022 10 500 3.5% | —— 20.00 [ 10.79, 36.77
Kilic, 2024 8 357 3.4% | 22.41[11.25, 44.16
RE Model for Subgroup (Q = 1070.38, df = 11, p < 0.001; I = 99.0%, <* = 1.63) =i 8.89[ 4.26, 18.45]
Africa
Ndip, 2006 9 300 3.5%  —— | 30.00 [ 15.68, 56.64
El-Nahas, 2008 14 1220 3.6% P 1148 6.81, 19.28
Assaad-Khalil, 2014 88 2000 3.7% = 44.00 [ 35.84, 53.92
Tindong, 2018 2 203 27% . — 9.85[ 2.47, 38.52
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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 (Qy) 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. I?, Inconsistency measure; Q, Cochran's Q statistic, along with degrees of freedom (df) and

its p-value; RE, Random-effects; 2, Between-study variance.

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,
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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.
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