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Email: jinzh_621@163.com betic foot ulcers up to October 2023. The patients were stratified based on
whether they underwent lower extremity amputation, and relevant data,
including basic information, patient characteristics, complications, comorbid-
ities and pertinent laboratory test data, were extracted from the included stud-
ies. The literature quality assessment in this study utilized the Newcastle-
Ottawa Scale to screen for high-quality literature, resulting in the inclusion of
16 cohort studies, all of which were of at least moderate quality. Meta-analysis
of outcome indicators was conducted using the Stata 14.0 software. The results
indicate that the overall amputation rate of lower extremities in patients with
diabetic foot ulcers is 31% (0.25, 0.38). Among the 16 variables evaluated, gen-
der (male), smoking history, body mass index (BMI), hypertension, cardiovas-
cular disease, kidney disease, white blood cell count, haemoglobin and
albumin levels were found to be correlated with the occurrence of lower
extremity amputation in patients with diabetic foot ulcers. However, no signifi-
cant correlation was observed between age, diabetes type, duration of diabetes,
stroke, glycosylated haemoglobin, creatinine and total cholesterol levels and
lower extremity amputation in patients with diabetic foot ulcers. This meta-
analysis indicates that the overall amputation rate in patients with diabetic foot
ulcers is 31%. Factors such as gender (male), smoking history, high BMI,

hypertension, cardiovascular disease, kidney disease, white blood cell count,

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any
medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2024 The Author(s). International Wound Journal published by Medicalhelplines.com Inc and John Wiley & Sons Ltd.

Int Wound J. 2024;21:e14931. wileyonlinelibrary.com/journal/iwj 1of11
https://doi.org/10.1111/iw;j.14931


https://orcid.org/0000-0002-1431-8744
mailto:plq6833@163.com
mailto:jinzh_621@163.com
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://wileyonlinelibrary.com/journal/iwj
https://doi.org/10.1111/iwj.14931

LUO ET AL.

2o | wWiLeY-— [T

KEYWORDS

Key Messages

1 | INTRODUCTION

Diabetes mellitus (DM), a chronic disease, affects nearly
19% of the world's population." According to projections
by the International Diabetes Federation, the global dia-
betic population is expected to increase to 590 million by
the year 2035.> Prolonged high blood sugar levels associ-
ated with DM can lead to immune deficiencies, particu-
larly impairing white blood cell function. This
impairment reduces the body's ability to combat bacteria
within cells and slows down the wound-healing process,
resulting in the occurrence of vascular and neurological
complications. Among these complications, diabetic foot
ulcers (DFU) are one of the most common and severe,
often becoming the primary reason for hospitalization
among diabetic patients.>* Research indicates that the
prevalence of foot ulcers among diabetic patients ranges
from 4% to 10%, with a lifetime incidence as high
as 25%.”

DFU is the primary cause of non-traumatic lower
limb amputation.® Additionally, due to the delayed
wound healing associated with diabetes, DFU may even-
tually lead to lower extremity amputation (LEA), signifi-
cantly reducing patients' quality of life and increasing
mortality rates.”® Research indicates that DFU often lead

haemoglobin and albumin levels are identified as significant risk factors for
lower extremity amputation in diabetic foot ulcer patients. These findings sug-
gest that attention should be focused on these risk factors in patients with dia-
betic foot ulcers to reduce the risk of lower extremity amputation. Therefore,
preventive and intervention measures targeting these risk factors are of signifi-
cant importance in clinical practice. (Systematic review registration: https://
www.crd.york.ac.uk/PROSPERO/, identifier [CRD42024497538]).

diabetes mellitus, diabetic foot ulcer, lower extremity amputation, meta-analysis, risk factors

« The study underscores the significant incidence of lower extremity amputa-
tion (LEA) in patients with diabetic foot ulcers (DFU), with a notable overall
rate of 31%, emphasizing the urgent need for effective preventive strategies.

« Several key risk factors, including male gender, smoking history, elevated
body mass index, the presence of hypertension, cardiovascular disease and
kidney disease, were identified as strong correlates of LEA in DFU patients,
highlighting the importance of targeted interventions to mitigate these risks.

« While certain factors like age, diabetes type, duration of diabetes and labora-
tory parameters such as glycated haemoglobin and total cholesterol levels
did not exhibit significant associations with LEA, further research is war-
ranted to elucidate their potential role in DFU progression and inform com-
prehensive management strategies.

to lower extremity amputations, with approximately 75%
of lower extremity amputations occurring in diabetic
patients. This is primarily attributed to factors such as
lower limb vascular disease, neuropathic abnormalities,
poor glycemic control and the presence of concomitant
ulcers.’ Given the substantial impact of DFU on patients'
quality of life and the heavy burden it imposes on their
families and society, there is an urgent need to deepen
our understanding and identify the relevant risk factors
(RFs) for DFU-associated LEA.

Research suggests that more than half of diabetic foot
ulcers can be prevented through appropriate preventive
measures, patient education and foot care. Proper foot
care includes daily foot inspections, maintaining foot
cleanliness and dryness, protecting feet from extreme
temperatures, wearing properly fitted shoes, regular sur-
gical debridement of wounds and dressing changes.”

Numerous studies have explored RFs for DFU-
associated amputation, yet the results are inconsistent
and the study quality varies. To address this challenge,
the aim of the present review is to systematically search
major Chinese and English databases and conduct a
meta-analysis to comprehensively understand the ampu-
tation rate and significant RFs among patients with DFU,
providing a reliable reference for clinical research and
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offering more scientific and effective strategies for early
intervention and treatment of DFU.

2 | METHODS

2.1 | Inclusion criteria and exclusion
criteria
2.1.1 | Inclusion criteria

The study population meets the following criteria: (1) Par-
ticipants (P): Patients diagnosed with DFU, aged between
10 and 80 years old. (2) Intervention (I): The experimen-
tal group consists of DFU patients who undergo lower
extremity amputation, while the control group comprises
DFU patients receiving conservative treatment. (3) Com-
parison (C): Comparison of risk factors associated with
amputation and non-amputation in DFU patients.
(4) Outcome (O): Extraction of basic information, patient
characteristics, complications, comorbidities and relevant
laboratory test results from included cohort studies.
(5) Study(S): Cohort study. Statistical analysis yielded the
relative risk (RR) values, standardized mean difference
(SMD) values and their 95% confidence intervals (95%
CI), or they were calculated to complete the data.

2.1.2 | Exclusion criteria

Systematic reviews, comments, animal experiments and
meta-analyses were excluded. Additionally, studies that
did not match the research content or had inconsistent
intervention measures or control measures were
excluded. Non-cohort trials, literature with flawed experi-
mental designs or mismatched experimental methods
and literature with inconsistent outcome indicators were
also excluded.

2.2 | Retrieval strategy

PubMed, Embase, Web of Science, Cochrane Library,
CNKI, Wanfang Medicine and VIP database were
searched. The search terms included ‘diabetic foot’, ‘dia-
betic foot ulcer’, ‘lower extremity amputation’, ‘amputa-
tion’ and ‘risk factors’. Searches were conducted from
the databases’ date of inception to 30 October 2023, to
retrieve all relevant literature on complications of DFU
and the prevalence of LEA among patients with
DFU (Table 1). Additionally, references cited in the
retrieved studies were hand-searched to identify other
relevant literature.
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TABLE 1 Search strategy.

No. Query

#1 (‘Diabetic Foot’[Mesh]) OR ((((Foot, Diabetic [Title/
Abstract]) OR (Diabetic Feet [Title/Abstract])) OR (Feet,
Diabetic [Title/Abstract])) OR (Foot Ulcer, Diabetic [Title/
Abstract]))

#2 (‘Amputation, Surgical’[Mesh]) OR ((Amputation [Title/
Abstract]) OR (Amputations [Title/Abstract]))

#3 (‘Risk Factors’[Mesh]) OR ((((((((((((((((((Factor, Risk[Title/
Abstract]) OR (Risk Factor|[Title/Abstract])) OR (Social Risk
Factors|Title/Abstract])) OR (Factor, Social Risk[Title/
Abstract])) OR (Factors, Social Risk[Title/Abstract])) OR (Risk
Factor, Social|[Title/Abstract])) OR (Risk Factors, Social|Title/
Abstract])) OR (Social Risk Factor[Title/Abstract])) OR (Health
Correlates|Title/Abstract])) OR (Correlates, Health|Title/
Abstract])) OR (Population at Risk|[Title/Abstract])) OR
(Populations at Risk|[Title/Abstract])) OR (Risk Scores|Title/
Abstract])) OR (Risk Score|[Title/Abstract])) OR (Score, Risk
[Title/Abstract])) OR (Risk Factor Scores|Title/Abstract])) OR
(Risk Factor Score[Title/Abstract])) OR (Score, Risk Factor

[ Title/Abstract]))

#4 #1 AND #2 AND #3

2.3 | Data extraction

Two independent researchers extracted clinical data from
the included studies. The data to be extracted from the
literature included basic information (title, publication
year, first author), general information about the study
population (gender, age, sample size, smoking history,
diabetes type), study design, intervention and control
measures, outcome indicators, such as serum markers
including Scr and Hb. Rates of amputation occurrence,
RR and SMD values were calculated and statistically ana-
lysed. If there is any disagreement, the senoior most third
investigator will make the decision.

2.4 | Literature quality evaluation

The quality of the literature was assessed using the
Newcastle-Ottawa Scale (NOS), which allows for
the quality evaluation of cohort studies. The scale com-
prises eight assessment criteria, with a maximum score of
9 points. Studies scoring 6-7 points are regarded as mod-
erate quality, whereas those scoring 8-9 points are
regarded as high quality."" The process of assessing litera-
ture quality was independently conducted by two
researchers simultaneously. In the event of differing
opinions between the two, consensus would be reached
through negotiation, or a third party would be consulted
for adjudication.
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2.5 | Statistical analysis

All statistical analyses were conducted using the Stata
14.0 software.'? Heterogeneity among the included stud-
ies was assessed, and based on the magnitude of the het-
erogeneity, either a fixed- or a random-effects model was
selected. SMD and RR with 95% CI were used for contin-
uous and dichotomous variables, respectively. Heteroge-
neity was assessed using the I° test. When I* < 50%,
indicating a low possibility of heterogeneity, a fixed-
effects model was used; otherwise, a random-effects
model was applied. Subgroup analyses were performed to
explore the sources of heterogeneity, prioritizing study
type. In instances where the number of included studies
exceeded 10, funnel plots were constructed to assess pub-
lication bias. Begg's and Egger's tests were used to quanti-
tatively evaluate the significance of publication bias, with
the threshold for statistical significance set at p >0.05.
Sensitivity analysis was conducted to assess the robust-
ness of the results, especially in cases of high heterogene-
ity among studies, excessive weight of a single study or
reversal of results due to different effect models.

3 | RESULTS
3.1 | Retrieval situation and basic
information

An initial screening yielded 1503 articles. After excluding
duplicates, irrelevant studies and those not meeting the
PICOS criteria, our study ultimately included 16 cohort
studies (Figure 1). The included studies collectively com-
prised 5689 patients."**® Among them, 1815 cases were
in the DFU amputation group, while 3874 cases were in
the DFU non-amputation group. The selected literature,
based on the NOS method, had quality scores of 6 or
above, including six prospective cohort studies and 10 ret-
rospective cohort studies. Details of the baseline charac-
teristics and quality assessment of the literature are
presented in Table 2.

3.2 | Meta-analyses
3.21 | Incidence of amputation among
patients with diabetic foot ulcers

Sixteen studies reported the incidence of LEA among
patients with DFU. After heterogeneity testing, I was
calculated as 96.57%, and the Q test demonstrated p <0.1,
indicating high heterogeneity among the studies. There-
fore, a random-effects model was employed for the meta-
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FIGURE 1 Flow chart showing inclusion and exclusion of
literature.

analysis, revealing an LEA incidence of 31%. Egger's test
(p = 0.96) and Begg's test (p = 0.964) suggested no publi-
cation bias, and sensitivity analysis indicated that no sin-
gle study significantly influenced the results. The
findings of this study are stable, although the source of
heterogeneity could not be determined. Figure 2A-C pre-
sent the details. Subgroup analysis was conducted based
on study methodology, geographical region, quality score
and publication year (Table 3).

3.2.2 | Analysis of risk factors related to
amputation among patients with DFU

The analysis of RFs associated with LEA among patients
with DFU is presented in Table 2. Notably, gender (male)
(RR=1.09; 95% CI, 1.04, 1.14), smoking history
(RR =1.17; 95% CI, 1.08, 1.26), BMI (RR = —0.27; 95%
CI, —0.37, —0.17), hypertension (RR = 1.09; 95% CI, 1.04,
1.14), cardiovascular disease (RR = 1.30; 95% CI, 1.18,
1.43), kidney disease (RR = 1.29; 95% CI, 1.03, 1.60),
white blood cell count (SMD = 0.49; 95% CI, 0.14, 0.85),
haemoglobin (SMD = —0.54; 95% CI, —0.9, —0.09) and
albumin (SMD = —0.54; 95% CI, —0.72, —0.18) were all
identified as RFs for LEA among patients with DFU.
Conversely, age (SMD = 0.13; 95% CI, —0.88, 0.33), dia-
betes type (RR = 1; 95% CI, 0.96, 1.03), diabetes duration
(SMD = 0.02; 95% CI, —0.21, 0.24), stroke (RR = 1.11;
95% CI, 0.95 1.29), glycosylated haemoglobin



LUO Er AL. M—Wl L EY 5o0f11
TABLE 2 Basic characteristics of included studies.

Author Year Country Method Total (n) LEA (n) LEA (%) Qualityscore

Sena 2009 Turkey Prospective 574 213 37.11 8

Jaffar 2009 Saudi Aramco Prospective 62 12 19.35 8

Moham 2012 India Prospective 162 46 28.4 8

Jui-Hung 2012 Taiwan Retrospective 789 338 42.84 9

Yufeng 2015 China Retrospective 669 133 19.88 8

Fengning 2015 China Retrospective 364 62 17.03 8

Saleem 2017 Pakistan Prospective 112 31 27.68 9

Se-Young 2018 Korea Retrospective 141 37 26.24 9

Imad 2018 Saudi Arabia Prospective 82 33 40.24 7

Jeong 2018 Korea Retrospective 192 113 58.85 7

Jeyara 2019 Australia Prospective 513 263 51.27 9

Carmine 2021 Italy Retrospective 583 79 13.55 8

Shiqi 2022 America Retrospective 362 75 20.72 6

Sarah 2022 Australia Retrospective 564 186 32.98 8

Denizhan 2022 Turkey Retrospective 407 157 38.57 9

Husakova 2022 Czech Republic Retrospective 113 37 32.74 6
Abbreviation: LEA, lower extremity amputation.
(SMD =0.02; 95% CI, —0.11, 0.15), creatinine for smoking and the Egger's test (p = 0.407) and Begg's

(SMD = —0.11; 95% CI, —0.83, —0.61) and total choles-
terol (SMD = —0.08; 95% CI, —0.2, 0.04) demonstrated
no statistically significant correlation with LEA among
patients with DFU (Table 4).

3.3 | Sensitivity analysis

In the included studies, there was an issue of excessive
weight attributed to hypertension and cardiovascular dis-
ease. However, upon excluding studies involving patients
with excessive weight, the results remained unchanged,
suggesting the findings were relatively stable. Sequential
removal of studies examining gender (male), smoking,
BMI, renal disease, white blood cell count, haemoglobin
and albumin levels did not alter the results upon reanaly-
sis, indicating overall stability in the findings.
Figure 3A,B display the details of the sensitivity analysis.

3.4 | Publication bias

Funnel plot analysis was conducted for outcome indica-
tors from studies with >10 articles. Evaluation of publica-
tion bias was separately performed for gender (male),
smoking history and hypertension. The Egger's test
(p = 0.848) and Begg's test (p = 0.827) for gender (male),
the Egger's test (p = 0.894) and Begg's test (p = 0.855)

test (p = 0.837) for hypertension all resulted in p >0.05,
indicating symmetrical funnel plots without publication
bias. Visual representations are provided in Figure 4A-C.

4 | DISCUSSION

The main objective of this study was to comprehensively
analyse the incidence of LEA in DFU patients and its
associated risk factors. Through a systematic review and
meta-analysis of existing literature, we synthesized the
evidence regarding DFU-related LEA, resolved inconsis-
tencies in previous studies and provided reliable refer-
ence for clinical decision-making.

Our analysis revealed an overall amputation rate of
31% in DFU patients. Furthermore, through rigorous
assessment of 16 cohort studies, we identified several risk
factors associated with LEA in DFU patients, including
gender (male), smoking history, BMI, hypertension, car-
diovascular disease, kidney disease, white blood cell
count, haemoglobin levels and albumin levels. These
findings provide valuable insights into the multifaceted
nature of DFU-related amputations and underscore the
importance of addressing these RFs in clinical practice.

Regarding gender, the risk of LEA among male
patients was 1.09 times higher than among females, con-
sistent with previous research findings that demonstrated
a higher risk among males compared to females.”
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FIGURE 2 Meta-analysis of the incidence of lower extremity

amputation (A) forest map, (B) sensitivity analysis map and

(C) publication bias funnel map.

Possible reasons for this gender difference include the
fact that males are more likely to engage in prolonged
physical labour, leading to increased oxygen consump-
tion in the lower limbs and thereby making their feet
more susceptible to lower limb vascular disease.”® Addi-
tionally, oestrogen protects blood vessels and potentially

lowers the risk of LEA in females. Poor compliance with
foot care among male patients is also a significant con-
tributing factor to their susceptibility.*!

Regarding smoking history, there was a higher risk of
LEA among patients with a history of smoking. This
observation could be attributed to the impact of smoking
on glycemic control among patients with diabetes, lead-
ing to vascular constriction and impaired blood flow.
Consequently, ischemia may occur, thereby slowing ulcer
healing and increasing the risk of LEA.****

The association between BMI and the incidence of
LEA among DFU patients with and without limb ampu-
tation was evaluated. A lower BMI was associated with a
higher rate of limb amputation. Existing studies have
demonstrated a significant J-shaped association between
BMI and diabetic foot ulcers.** Patients with higher BMI
may have better nutritional support and greater capacity
to cope with the metabolic demands of chronic diseases,
indicating a significant protective effect of high BMI on
the risk of DFU.*

The complications and comorbidities of diabetes may
increase the incidence of LEA among patients with DFU.
Hypertension, cardiovascular disease and renal disease,
which were included in this study, all had substantial
impacts on the incidence of LEA in DFU patients.

Additionally, studies have demonstrated that patients
with diabetes accompanied by hypertension have a signif-
icantly higher mortality rate from cardiovascular and
cerebrovascular events compared to those with diabetes
alone.*® This observation may be attributed to the dysre-
gulation of metabolic processes in patients with diabetes,
leading to the release of several vasoactive substances
that damage endothelial function, thereby increasing the
risk of cardiovascular diseases, renal diseases and other
complications.” Furthermore, patients with DFU who
have underlying diseases and multiple comorbidities
often present with more severe conditions, longer bedrid-
den periods and are more prone to muscle weakness and
metabolic abnormalities. The decreased ability to cope
with physiological stressors further increases the risk of
LEA.>® This study reaffirms that complications and
comorbidities associated with diabetes can increase the
incidence of LEA, emphasizing the need for strict blood
pressure and blood sugar control in patients with DFU.

Furthermore, the analysis of biochemical markers
showed that white blood cell count and albumin are risk
factors for LEA. Elevated white blood cell levels suggest a
more severe infection among patients, and persistent
severe infections can lead to edema and exudation,
impairing granulation tissue growth and resulting in
non-healing wounds, which may eventually lead to
amputation.®® Furthermore, the body's metabolic rate
also increases, leading to symptoms such as fever and
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TABLE 3 Subgroup analysis of the

prevalence of lower extremity M
amputation among patients with Project Number of studies I (%) P Prevalence (95%CI)
diabetic foot ulcers. Method
Prospective cohort 6 63.1 0.019 0.4 (0.35, 0.45)
Retrospective cohort 10 86 0 0.29 (0.26, 0.32)
Region
Europe 4 58.4 0.065 0.42 (0.37,0.47)
Asia 9 81.6 0 0.31 (0.27, 0.33)
United States 1 - - 0.21 (0.1, 0.31)
Australia 2 90.8 0.001 0.23(0.17, 0.29)
Quality score
6 or7 4 83.9 0 0.34 (0.27, 0.42)
8 7 75.1 0.01 0.25(0.21, 0.28)
9 5 62.8 0.029 0.42 (0.38, 0.47)
Publication (y)
<2020 11 83.69 0 0.35(0.32, 0.38)
>2020 5 834 0 0.26 (0.22, 0.31)
Abbreviation: CI, confidence intervals.
TABLE 4 Summary of meta-analysis results.
o Heterogeneity Effect Meta-analysis results
Risk factor Numbers Amputation amputation p P (%) model Effect 95%CI p
Male (n) 14 1028 1997 0.168  26.7 FEM RR = 1.09 (1.04,1.14) 0
Age (y) 7 767 1233 0 75.4 REM SMD =0.13  (—0.88,0.33)  0.224
Smoking (n) 13 619 1197 0.354 9.1 FEM RR =1.17 (1.08, 1.26) 0
BMI (kg/m?) 5 624 1496 0.094 195 FEM SMD = —0.27 (—0.37, —0.17) 0.094
Type of DM 5 359 856 0.88 0 FEM RR=1 (0.96, 1.03) 0.857
Course (y) 7 1072 1635 0 85.6 REM SMD = 0.02 (—0.21, 0.24) 0.867
Hypertension 12 894 1036 0.049 443 FEM RR =1.09 (1.04,1.14) 0
Cardiovascular 9 329 688 0.054 47.6 FEM RR =1.30 (1.18,1.43) 0
disease
Stroke 7 540 799 0 78.7 REM RR=1.11 (0.95,1.29) 0.194
Nephropathya 8 385 705 0 73.7 REM RR =1.29 (1.03, 1.60) 0.026
HbAlc (%) 7 1072 1635 0.03 57.1 REM SMD = 0.02 (-0.11, 0.15) 0.771
WBC (x10°/L) 8 1325 2345 0 95.7 REM SMD = 0.49 (0.14,0.85)  0.07
Hb (g/dl) 7 1192 1809 0 96.8 REM SMD = —-0.54 (—0.9, —0.09) 0.2
Albumin (g/L) 4 695 1163 0 85.9 REM SMD = —0.54 (—0.72, —0.18) 0.001
Cr (mmol/L) 4 754 1178 0 98.1 REM SMD = —0.11 (—0.83, 0.61) 0.761
TC (mg/dl) 4 484 747 0.155 428 FEM SMD = —0.08 (—0.2, 0.04) 0.194

Abbreviations: BMI, body mass index; CI, confidence intervals; DM, Diabetes mellitus; RR, relative risk; SMD, standardized mean difference.

anorexia. Increased energy expenditure and decreased hypoalbuminemia.*” Additionally, renal dysfunction can
food intake can lead to a decrease in albumin levels. In lead to anaemia and secondary malnutrition, contribut-
some diabetic patients with diabetic nephropathy, pro- ing to the progressive decline in haemoglobin and albu-
longed elevation of urinary protein levels can lead to  min levels.*!
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(A) Meta-analysis fixed-effects estimates (linear form)

Study ommited

0.03 0.04

(B) Meta-analysis fixed-effects estimates (linear form)
Study ommited

0.11 0.14

Age, duration of diabetes, type of diabetes, stroke,
glycated haemoglobin, creatinine and total cholesterol
levels did not emerge as RFs for LEA. Notably, older
age is associated with unfavourable prognoses, possibly
due to the slower immune response to infections and
the presence of other complications that delay healing,
including impaired blood flow. Conversely, a longer
duration of diabetes may correlate with more diabetes-
related complications, including microvascular and
macrovascular changes, which may play a critical role
in skin breakdown and non-healing ulcers. There are
two subtypes of DM: type 1 DM (DM1) and type 2 DM
(DM2). Notably, all included studies enrolled patients
with both types of diabetes to determine how the dif-
ferent types of diabetes affect patients with DFU

FIGURE 3
results of (A) hypertension and

Sensitivity analysis

(B) cardiovascular disease were included
in the study.

undergoing amputation. Despite some differences in
age, aetiology and symptoms between these two sub-
types of diabetes, both DM1 and DM2 are associated
with a higher incidence of LEA in DFU, with no signif-
icant differences between them.*>** The lack of signifi-
cant difference between the two may be attributed to
the fact that both types of diabetes can lead to compli-
cations such as peripheral neuropathy, peripheral vas-
cular disease and impaired wound healing, all of which
increase the risk of DFU and subsequent LEA. Addi-
tionally, current research has not identified a correla-
tion between glycated haemoglobin and amputation,
and there were no significant differences in baseline
levels of glycated haemoglobin between the amputa-
tion and non-amputation groups.
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( A) Funnel plot with pseudo 95% confidence limits (B) Funnel plot with pseudo 95% confidence limits
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FIGURE 4 Funnel plot including indicators (A) gender, (B) smoking history and publication bias analysis of (C) hypertension.

The RFs for LEA among patients with DFU have
been reported both domestically and internationally, but
the conclusions are not entirely consistent, especially
regarding gender, smoking history, certain laboratory
tests, comorbidities and complications. These discrepan-
cies may be related to differences in sample size, geo-
graphical location, time period and cultural factors across
various studies. However, our meta-analysis also has
some limitations. First, there is a lack of randomized
studies on this topic, necessitating long-term and large-
scale follow-up studies to validate these findings. Second,
amputation in DFU involves multiple factors, thus
requiring a more comprehensive analysis such as multi-
variate analysis. Among the 16 studies included, 10 were
retrospective cohort studies, and six were prospective
cohort studies.

Despite these limitations, our meta-analysis provides
a valuable clinical reference. To the best of our knowl-
edge, this is the first study to comprehensively analyse
crucial laboratory test data associated with high

amputation rates. The analysis confirms the impact of
DFU and other RFs on the incidence of LEA, but further
research is needed to validate these factors. Larger and
more homogeneous samples are required to examine the
importance and credibility of certain test parameters,
including BMI and glycated haemoglobin.***

These findings hold significant clinical implications
for the treatment and prevention of LEA in patients with
DFU. Factors such as gender (male), smoking history,
elevated BMI, hypertension, cardiovascular disease and
renal disease have been identified as RFs for LEA,
highlighting the importance of closely monitoring the
progression of DFU and its complications. Furthermore,
targeted education on DFU prevention and foot self-care
should be provided to these high-risk patients to equip
them with necessary knowledge and skills for minimiz-
ing the risk of LEA. Healthcare professionals should
emphasize the importance of regular foot examinations,
proper footwear and wound care to prevent DFU and
reduce the incidence of LEA among DFU patients.
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Additionally, future research should focus on validating
identified RFs and exploring other factors contributing to
the risk of LEA in DFU patients, utilizing larger and
more diverse samples to enhance the reliability of study
findings.

5 | CONCLUSION

The study concludes that the overall incidence rate of
LEA among patients with DFU is 31%, providing impor-
tant epidemiological data for medical practice. Gender
(male), smoking history, BMI, hypertension, cardiovascu-
lar disease, kidney disease, white blood cell count, hae-
moglobin and albumin were closely associated with LEA,
serving as significant RFs. Among these, BMI, haemoglo-
bin and albumin were negatively correlated with the
occurrence of DFU-related LEA, whereas the others dem-
onstrated positive correlations. However, age, DM type,
duration of diabetes, stroke, glycated haemoglobin, creat-
inine and total cholesterol levels were not found to be sig-
nificant RFs. These findings help narrow the clinical
focus, enabling clinicians to more accurately identify
high-risk patients. Targeted and timely interventions
should be implemented for high-risk patients, such as
regular foot examinations, appropriate foot care educa-
tion and early detection and treatment of foot ulcers.
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