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   ABSTRACT 

 
Background: Diabetic foot ulcer is a compli-
cation of diabetes mellitus which costs high, 
takes long wound care, increases mortality, 
morbidity and causes non-traumatic amputa-
tion. There are risk factors that are thought to 
be the cause of lower limb amputation in 
diabetic foot ulcers, namely peripheral artery 
disease, hypertension and gender. This study 
aims to estimate the influence of peripheral 
artery disease, hypertension and gender on the 
risk of lower limb amputation in diabetes 
mellitus patients with leg ulcers. 
Subjects and Method: Meta-analysis studies 
and systematic reviews were applied to this 
study using electronic databases of Pubmed, 
Scopus, Google Scholar, and Springer Link. The 
keywords to search for articles are as follows: 
"diabetic foot", "lower limb amputation", "low-
er extremity amputation", "risk factor", "predic-
tor", "cohort", "retrospective", "adjusted odds 
ratio". Articles were collected using PRISMA 
diagrams, and analyzed using the Review 
Manager 5.3 application.  
Results: Meta-analysis of 9 cohort articles of 
diabetic foot ulcer patients with peripheral 

artery disease (aOR= 2.46; 95% CI= 1.70 - 3.55; 
p<0.01); Meta-analysis of 8 cohort articles, 
diabetic foot ulcer patients with hypertension 
(aOR= 1.05; 95% CI= 0.66 - 1.68; p= 0.83); 
Meta-analysis of 9 cohort articles of male 
diabetic foot ulcer patients (aOR= 1.60; 95% 
CI= 1.32 - 1.94; p<0.01); Peripheral artery 
disease, hypertension and male gender are risk 
factors that can increase the incidence of lower 
limb amputation. 
Conclusion: Peripheral artery disease, 
hypertension and male gender are risk factors 
that can increase the incidence of lower limb 
amputation. 
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BACKGROUND 

Non-communicable diseases (NCD) kill 41 

million people each year, equivalent to 71% 

of all deaths globally, one of which is 

diabetes mellitus which is responsible for 

the death of 1.6 million people each year 

(WHO, 2020). Patients with diabetes 

mellitus are prone to complications, one of 

the complications that arise is diabetic foot 

ulcers, with an incidence risk of 10% -25% 

of all patients. Diabetic foot ulcers are one 

of the health problems that cost a lot, take 

long wound care in the hospital and at 

home, increase the risk of mortality and 
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morbidity and are the main cause of non-

traumatic amputation of the lower extre-

mities (Sayiner et al., 2018). 

The occurrence of lower limb amputa-

tion in diabetic foot ulcers is triggered by 

several risk factors. The main independent 

risk factors for amputation from multi-

variate analytic studies were long duration 

of diabetes, peripheral neuropathy, peri-

pheral artery disease (PAP), high levels of 

HbA1c or fasting plasma glucose, history of 

leg ulcers or amputations, retinopathy, 

hypertension and gender (Krittiyawong et 

al. al., 2006). 

 

SUBJECTS AND METHOD 
1. Study Design 

This was systematic review and meta-ana-

lysis. This research will be carried out by 

searching and selecting articles conducted 

around the world. The articles used were 

published in the period 2000 - 2020. The 

articles used in this study came from elec-

tronic data bases in the form of: Pubmed, 

Google Scholar, Springer Link and Scopus. 

The keywords used in the article search 

were as follows: "diabetic foot", "lower limb 

amputation", "lower extremity amputa-

tion", "risk factor", "predictor", "cohort", 

"retrospective", "adjusted odds ratio" . 

2. Inclusion Criteria 

The classification of the inclusion criteria in 

this study is a full-text article with an obser-

vational study (cohort). The selected article 

discussed the risk factors for lower limb 

amputation in diabetes mellitus sufferers 

with foot ulcers. Articles are published in 

Indonesian and English. The research data 

were multivariate. 

3. Exclusion Criteria 

The classification of the exclusion criteria in 

this study was the study conducted with 

RCT, quasi-experimental, and study 

protocol. Articles are those published in 

languages other than Indonesian and 

English. 

4. Operational Definition of Variables 

Lower limb amputation is the removal 

or cutting of part or all of a limb by cutting 

the bone or precisely the joint of the lower 

limb. 

Peripheral artery disease is a condition 

in which blood flow to the legs becomes 

blocked due to narrowing of the blood 

vessels that originate from the heart 

(arteries). 

Hypertension is an abnormal increase in 

blood pressure in arterial blood vessels with 

a systolic blood pressure measurement of 

more than ≥ 140 mmHg, and or diastolic 

blood pressure ≥ 90 mmHg on two 

measurements with an interval of 5 

minutes in a well-rested state. 

Gender is a biological and anatomical 

division of gender which is expressed in 

terms of male and female. 

5. Data Analysis 

Data processing was carried out using the 

Review Manager (RevMan 5.3) measured 

by the effect size and heterogeneity to 

determine the research merging model and 

forming the meta-analysis results in the 

form of a forest plot and the possibility of 

bias being presented with a funnel plot 

 

RESULTS 
The process of searching and selecting 

articles through 4 databases can be seen in 

Figure 1. 

Figure 2. shows an overview of the 

research areas used in this meta-analysis 

which are spread across 4 continents, 

namely the Americas, Africa, Asia, and 

Europe. 
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Figure 1. Flowchart of the review process 

 
Figure 2. Overview of the research area (Vexels, 2014) 
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Identified articles from 
databases (n= 1,158) 

Deleting data duplication (n= 397) 

Filtered articles (n= 761) 

Eligible full text (n= 42) 

Selected articles for qualitative 
synthesis (n= 13) 

Selected articles for meta-
analysis synthesis (n= 13) 

Add identified articles from 
other databases (n= 0) 

Drop the articles (n= 719) 
1. Irrelevant articles (n= 609) 
2. Non full text (n= 70) 
3. Not in English or 

Indonesian (n= 1) 
4. Non observational study 

(n= 39) 

Drop full text with any reason 
(n= 29) 
1. Cross sectional study (n= 

6) 
2. Case control study (n= 10) 
3. Inappropriate variables 

(n= 15) 

2 studies 

3 studies 

1 study 
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1. Peripheral artery disease 

There are 9 cohort articles as a research 

source for meta-analysis of peripheral 

artery disease as a risk factor for lower limb 

amputation in diabetes mellitus sufferers 

with leg ulcers. The description of each 

study can be seen in Table 1. 

a. Forest plot  

Based on Figure 3, it can be seen that 

peripheral artery disease can increase the 

incidence of lower limb amputation in 

diabetic foot ulcer patients by 2.46 times 

compared to those without PAP, as well as 

statistically significant (p <0.01). 

heterogeneity of research data shows I2 = 

60% so that the distribution of data is 

declared heterogeneous (Random effect 

model). 

b. Funnel plot 

Based on Figure 4, it can be seen that the 

plots on the right and left are not 

symmetrical with each other, the left side 

has 5 plots while the right side has 4 plots. 

The left plot has a standard error of 0.7 

while the plot on the right has a standard 

error of 0.6. This indicates that there is a 

publication bias in the study. 

Table 1.Primary research sources of meta-analysis on peripheral artery disease of 

lower limb amputations in patients with diabetic foot ulcers 

Author  
(Year) 

Location Sample 
Size 

Population 
(P) 

Intervent (I) and 
Comparison (C) 

Outcome 

Acar & Kacira 
(2017) 

Turkey 132 Patients with 
diabetic foot 
ulcers 

I: PAP 
C: No PAP 

Lower limb 
amputation 

Beaney et al., 
(2016) 

The UK 165 Patients with 
diabetic foot 
ulcers 

I: PAP 
C: No PAP 

Lower limb 
amputation 

Costa et al., 
(2017) 

Brazil 654 Patients with 
diabetic foot 
ulcers 

I: PAP 
C: No PAP 

Lower limb 
amputation 

Ferrira et al., 
(2018) 

Portugal 631 Patients with 
diabetic foot 
ulcers 

I: PAP 
C: No PAP 

Lower limb 
amputation 

Jeon et al., 
(2016) 

South 
Korea  

158 Patients with 
diabetic foot 
ulcers 

I: PAP 
C: No PAP 

Lower limb 
amputation 

Jeong et al., 
(2017) 

South 
Korea 

380 Patients with 
diabetic foot 
ulcers 

I: PAP 
C: No PAP 

Lower limb 
amputation 

Kim et al., 
(2018) 

South 
Korea 

141 Patients with 
diabetic foot 
ulcers 

I: PAP 
C: No PAP 

Lower limb 
amputation 

Sayiner et al., 
(2018) 

Turkey 400 Patients with 
diabetic foot 
ulcers 

I: PAP 
C: No PAP 

Lower limb 
amputation 

Vanbattum et 
al., (2011) 

Netherland 1,232 Patients with 
diabetic foot 
ulcers 

I: PAP 
C: No PAP 

Lower limb 
amputation 
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Figure 3. Forest plot meta-analysis of PAD correlation 

with lower extremity amputation on diabetic foot ulcer  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Funnel plot meta-analysis of PAD correlation 

with lower extremity amputation on diabetic foot ulcer  

 
1. Hypertension 

There are 8 cohort articles as a source of 

meta-analysis of hypertension as a risk 

factor for lower limb amputation in DM 

patients with foot ulcers. An overview of 

each study can be seen in Table 2.  

a. Forest plot 

Based on Figure 5, it is known that hyper-

tension can increase the incidence of lower 

limb amputation in diabetic foot ulcer 

patients by 1.05 times compared to normal 

blood pressure, but it is not statistically 

significant (p= 0.83). Heterogeneity of 

research data shows I2= 71% so that the 

distribution of the data is heterogeneous 

(Random effect model). 

b. Funnel plot 

Based on Figure 6, it can be seen that the 

plots on the right and left are not sym-

metrical with each other, the left side has 4 

plots while the right side has 3 plots. The 

left plot has a standard error of 1 while the 

right side plot has a standard error of 0.5. 

In addition, there is 1 plot on the left side 

that is away from the vertical center line. 
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This indicates that there is a publication bias in the study. 

Table 2. Primary research sources of meta-analysis on hypertension of lower limb 

amputations in patients with diabetic foot ulcers 

Author, 
(Year) 

Location 
Sample 

Size 
Population (P) 

Intervention (I) and 
Comparison (C) 

Outcome 

Acar dan 
Kacira 
(2017) 

Turkey 132 Patients with 
diabetic foot ulcers 

I: Hypertension 
C: Normal 

Lower limb 
amputation 

Beaney et 
al., (2016) 

English 165 Patients with 
diabetic foot ulcers 

I: Hypertension 
C: Normal 

Lower limb 
amputation 

Costa et 
al., (2017) 

Brazil 654 Patients with 
diabetic foot ulcers 

I: Hypertension 
C: Normal 

Lower limb 
amputation 

Jeon et al., 
(2016) 

South 
Korea 

158 Patients with 
diabetic foot ulcers 

I: Hypertension 
C: Normal 

Lower limb 
amputation 

Jeong et 
al., (2017) 

South 
Korea 

380 Patients with 
diabetic foot ulcers 

I: Hypertension 
C: Normal 

Lower limb 
amputation 

Kim et al., 
(2018) 

South 
Korea 

141 Patients with 
diabetic foot ulcers 

I: Hypertension 
C: Normal 

Lower limb 
amputation 

Sayiner et 
al., (2018) 

Turkey 400 Patients with 
diabetic foot ulcers 

I: Hypertension 
C: Normal 

Lower limb 
amputation 

Yesil et al., 
(2009) 

Turkey 670 Patients with 
diabetic foot ulcers 

I: Hypertension 
C: Normal 

Lower limb 
amputation 

 

 
Figure 5. Forest plot meta-analysis of correlation of hypertension 

and lower extremity amputation on diabetic foot ulcer  

 
Figure 6. Funnel plot meta-analysis of correlation of hypertension 

and lower extremity amputation on diabetic foot ulcer  
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2. Gender 

There were 9 cohort articles as a source of 

meta-analysis of gender as a risk factor for 

lower limb amputation in DM patients with 

foot ulcers. An overview of each study can 

be seen in Table 3.  

a. Forest plot  

Based on Figure 7, it can be seen that male 

gender can increase the incidence of lower 

limb amputation in diabetic foot ulcer 

patients by 1.60 times compared to female 

sex, this is statistically significant (p <0.01). 

homogeneity of research data shows I2= 

47% so that the distribution of data is 

homogeneous (Fixed effect model). 

b. Funnel plot  

Based on Figure 8, it can be seen that the 

plots on the right and left look symmetrical 

to each other, the left side has 4 plots while 

the right side has 4 plots but there is 1 plot 

on the right away from the vertical line and 

there is 1 plot offending the vertical line 

which has a standard error 1. The left plot 

has a SE of 0 - 0.5 while the plot on the 

right has a SE of 0 - 1. This indicates that 

there is a publication bias in the study. 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Forest plot meta-analysis of gender relations 

with amputation of the lower limb in diabetic foot ulcers 

 

Table 3. Primary research sources of gender meta-analysis of lower limb 

amputations in patients with diabetic foot ulcers 

Author 
(Year) 

Location 
Sample 

Size 
Population (P) 

Intervention (I) 
and Comparison 

(C) 
Outcome 

Acar dan 
Kacira (2017) 

Turkey 132 Patients with 
diabetic foot ulcers 

I: Hypertension 
C: Normal  

Lower limb 
amputation 

Bekele et al., 
(2020) 

Ethiopia 115 Patients with 
diabetic foot ulcers 

I: Hypertension 
C: Normal 

Lower limb 
amputation 

Jeon et al., 
(2016) 

South 
Korea 

158 Patients with 
diabetic foot ulcers 

I: Hypertension 
C: Normal 

Lower limb 
amputation 

Jeong et al., 
(2017) 

South 
Korea 

380 Patients with 
diabetic foot ulcers 

I: Hypertension 
C: Normal 

Lower limb 
amputation 

Kim et al., 
(2018) 

South 
Korea 

141 Patients with 
diabetic foot ulcers 

I: Hypertension 
C: Normal 

Lower limb 
amputation 

Moon et al., 
(2019) 

South 
Korea 

1792 Patients with 
diabetic foot ulcers 

I: Hypertension 
C: Normal 

Lower limb 
amputation 

Sayiner et al., 
(2018) 

Turkey 400 Patients with 
diabetic foot ulcers 

I: Hypertension 
C: Normal 

Lower limb 
amputation 

Moureneto et 
al., (2012) 

Brazil 496 Patients with 
diabetic foot ulcers 

I: Hypertension 
C: Normal 

Lower llimb 
amputation 

Yesil et al., 
(2009) 

Turkey 670 Patients with 
diabetic foot ulcers 

I: Hypertension 
C: Normal 

Lower limb 
amputation 
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Figure 8. Funnel plot for meta-analysis of gender relations 

with amputation of the lower limb in diabetic foot ulcers 

 
DISCUSSION 

1. Peripheral artery disease of lower 

limb amputation 

The results of a meta-analysis of 9 articles 

on peripheral artery disease with lower 

limb amputation in people with diabetes 

mellitus with foot ulcers showed that 

patients with diabetic foot ulcers with 

peripheral artery disease were 2.46 times 

more likely to have lower limb amputation 

than those without peripheral artery 

disease. The results of this study are 

consistent with study by Chaturvedi et al., 

(2001) and Pemayun et al., (2015) which 

showed that lower limb amputations 

increased significantly when accompanied 

by peripheral artery disease. 

The results of this study are also sup-

ported by Markowitz et al., (2005) which 

states that PAP has the strongest effect on 

the occurrence of lower limb amputations 

and the risk is threefold. Aysertyildiz et al., 

(2018) shows that PAP has a significant 

role, especially in elderly patients with dia-

betic foot infection. Patients with these 

conditions should be immediately evalu-

ated and treated to prevent PAP and infec-

tion with microorganisms and ending limb 

loss. 

Prompers et al., (2007) stated that the 

major amputation rate and mortality were 

found to be significantly higher in the PAP 

group (8% and 9%, respectively) than in the 

non-PAP group (2% and 3%, respectively). 

Research by Rastogi et al., (2017) stated 

that the presence of high ulcer rates, poor 

lower limb vascularization, PAP and infec-

tion are factors that increase the poor prog-

nosis of wound healing and end up under-

going amputation, despite revascularization 

efforts. 

Peripheral artery disease (PAP) 

results from atherosclerosis of the arteries 

of the lower extremities resulting in 

narrowing or occlusion of the arteries. The 

most severe form of PAP is called chronic 

ischemia which threatens the limbs and 

carries a significant risk of limb loss and 

cardiovascular death (Barnes et al., 2020). 

The onset of peripheral artery disease is 

gradual but progressive. It is often asymp-

tomatic but has serious effects. Athero-

sclerosis is generally seen with increasing 

age in both adults and the elderly. In 
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peripheral artery disease, there is a buildup 

of fatty deposits on the walls of the artery 

system. These fatty deposits, also known as 

atheroma, cause a decrease in the artery 

lumen. Decreased lumen causes stenosis 

and restricts blood flow and supply to the 

specific affected area (Welten et al., 2009). 

The reduced blood flow can slow wound 

healing and make the body less effective at 

fighting the virus. Thus, there is tissue 

damage or death (gangrene) and can spread 

into the bone. If the infection cannot be 

treated, then amputation is necessary to 

reduce the spread of tissue damage (Aiello 

et al., 2014). 

2. Hypertension on lower extremity 

amputation 

The results of a meta-analysis of 8 articles 

on hypertension with lower limb amputa-

tion in people with diabetes mellitus with 

leg ulcers showed that patients who had 

diabetic foot ulcers with hypertension were 

1.05 times more likely to experience lower 

limb amputation than those with normal 

tension. The results of this study are con-

sistent with research conducted by Resnick 

et al., (2004), Young et al., 2008 and 

Zubair et al (2012) which state that hyper-

tension also contributes to the growth and 

development of chronic diabetes complica-

tions and is considered a risk factor for 

atherosclerosis. 

These results are similar to those 

reported by Magalhães et al., (2011) which 

stated that amputated people had higher 

systolic blood pressure than non-ampu-

tated people (p<0.05) and showed incre-

ased arterial stiffness in subjects with lower 

limb amputations. These results support a 

stronger correlation between arterial stiff-

ness and systolic blood pressure. Chronic 

elevations in blood pressure can accelerate 

hardening of the central arteries, thereby 

contributing to the rapid structural and 

functional changes in these artery walls. 

Arterial stiffness is also associated with the 

development of PAP, which involves a 

gradual decrease in blood flow to one or 

more limbs due to atherosclerosis 

(O'Rourke and Nicholas, 2005). 

Hypertension affects atherosclerosis, 

which increases peripheral ischemia. Dia-

betic patients have a high risk of developing 

atherosclerotic peripheral vascular disease, 

because of the presence of peripheral vas-

cular disease, blood flow obstruction will 

occur which in turn will complicate healing. 

Ischemia of the diabetic foot causes 

gangrenous lesions. Limb ischemia has also 

been identified as a risk factor for ampu-

tation in patients with diabetic foot lesions 

(Nanwani et al., 2019). 

According to Budiman-mak et al., 

(2016), hypertension is not the main influ-

ence of lower limb amputation in patients 

with diabetic foot ulcers. However, hyper-

tension has a pervasive downstream effect 

on other risk factors for amputation such as 

PAP, neuropathy, and ischemia. The 

mechanism of its journey is that hyper-

tension increases the pressure on the walls 

of blood vessels and accelerates the deposi-

tion of cholesterol plaque, resulting in 

stenosis and PAP. 

3. Gender to lower limb amputation 

The results of a meta-analysis of 9 articles 

on gender with lower limb amputation in 

people with diabetes mellitus with foot 

ulcers showed that patients who had dia-

betic foot ulcers were male, 1.60 times more 

likely to experience lower limb amputation 

than women. This is in line with Bruun et 

al., (2013), Al-Mahroos and Al-Roomi 

(2007), and López-de-Andrés et al., (2011) 

which state that lower limb amputation in 

diabetic ulcers is significantly higher in 

males than females. 

Differences in the behavior of men 

and women are often used to explain this 

situation. Men often experience more 
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physical burdens and social pressure than 

women, and this may be a reason for them 

to force them to feel healthy and strong. 

Women have a hormonal protective effect 

from estrogen. Hormonal factors can play a 

role because women (especially of repro-

ductive age) may have additional neuro-

protection afforded to them, due to better 

endothelial function in both the micro-

vasculature and the microvasculature (Shin 

et al., 2017). 

Rodrigues et al., (2016) stated that 

gender differences are caused by better 

wound care in women, because men are 

more often involved in strenuous physical 

work activities. Importantly, absence from 

wound care controls was higher among 

men. This problem causes the ulceration to 

take longer to heal. 

Men were more likely to have several 

independent predictors for lower limb 

amputation, such as diabetic foot ulcera-

tion, cigarette use, PAD, and peripheral 

neuropathy. Peripheral neuropathy may be 

a very important factor in sex differences in 

lower limb amputations. Sensory neuro-

pathy is the most common type of neuro-

pathy associated with diabetic foot ulcera-

tion, and men are almost twice as likely to 

have insensitive neuropathy as women and 

have more severe nerve conduction dis-

orders. Insensitive neuropathy is deter-

mined in part by the length of the peri-

pheral nerves (a function of height) because 

longer fibers are more susceptible to injury. 

The possibility of increasing sensory neuro-

pathy in men is entirely due to the influence 

of height (Peek, 2010). 
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