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Abstract
Background  Lower extremity amputations (LEAs) significantly contribute to mortality and morbidity, often resulting 
from peripheral artery disease and diabetes mellitus (DM). Traumatic injuries also account for many LEAs. Despite the 
global burden, the epidemiology of LEAs, particularly in the Middle East and North Africa (MENA) region, remains 
underexplored. This study utilizes the Global Burden of Disease (GBD) dataset to analyze temporal trends in LEAs in 
the MENA region from 1990 to 2019.

Methods  The study utilized the 2019 GBD dataset, which includes estimates for incidence, prevalence, and disability-
adjusted life-years (DALYs) across 369 diseases. Age-standardized incidence rates (ASIRs) for LEAs were extracted for 
21 MENA countries. Trends were analyzed using percentage change calculations and Joinpoint regression to identify 
significant shifts in LEA rates over time.

Results  From 1990 to 2019, male LEA rates generally decreased, while female rates increased. Significant increases 
in LEA rates were observed in Syria, Yemen, and Afghanistan, correlating with periods of conflict and instability. 
Conversely, countries like Iraq, Palestine, Sudan, Lebanon, Iran, and Kuwait saw marked decreases. The study 
highlighted a complex interplay of socio-political factors, natural disasters, and chronic diseases like DM in shaping 
LEA trends across the region.

Conclusion  The study reveals variable LEA trends in the MENA region, influenced by conflicts, natural disasters, and 
chronic diseases. These findings underscore the need for targeted public health interventions, improved healthcare 
access, and robust data collection systems to reduce the burden of LEAs and improve patient outcomes in the MENA 
region.

Keywords  Lower extremity amputation, MENA region, Global burden of disease, Temporal trends, Healthcare 
disparities
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Introduction
Lower extremity amputations (LEAs) represent a sig-
nificant contributor to both mortality and morbidity [1, 
2]. These surgical procedures are primarily performed 
to address critical conditions such as ischemic, infected, 
necrotic tissue, or locally unresectable tumors, and in 
certain cases, they play a life-saving role. The predomi-
nant cause of LEAs is peripheral artery disease, either 
as a standalone ailment or in conjunction with diabetes 
mellitus (DM) [3, 4]. This debilitating vascular condition 
accounts for more than half of all LEAs [5, 6]. Traumatic 
injury, the second leading cause, often resulting from 
unforeseen accidents, forms a substantial subset within 
this spectrum [3, 4, 7].

Globally, the epidemiology of LEA continues to be 
understudied. To date, limited research in literature 
has shown mixed results. Reports on national trends 
of LEA in the United States of America (USA) suggest 
that among Medicare enrollees, incidence rates of LEA 
may have declined in the first decade of the 21st cen-
tury [8]. While global perspectives on LEAs provide a 
broad understanding, regional disparities, particularly 
in the Middle East and North Africa (MENA) region, 
remain underexplored. This region, characterized by its 
unique socioeconomic, cultural, and healthcare dynam-
ics, exhibits distinct patterns in the incidence and causes 
of LEAs. For instance, Salman [9] demonstrated that the 
age-adjusted rates for Jordanian males and females were 
the second highest after the United States for both major 
and minor LEAs. This indicates not only a significant 
health burden but also suggests underlying disparities 
in healthcare access and quality across the region. Fur-
ther emphasizing the gravity of the situation, Bandarian 
et al. reported that the estimated rate of foot amputation 
among diabetes patients and those with diabetic foot 
ulcers (DFUs) in the Middle East is alarmingly high [10]. 
This prevalence may be indicative of several systemic 
issues, including low quality of preventive foot care, 
socioeconomic challenges, and a general lack of patient 
awareness or education in countries with elevated ampu-
tation rates.

Despite these alarming indicators, comprehensive 
analysis of temporal trends in lower extremity amputa-
tion across the MENA region remains sparse. The Global 
Burden of Disease (GBD) dataset offers a comprehen-
sive overview from 1990 to 2019, shedding light on these 
trends and helping to identify key factors contributing to 
changes over time. Surprisingly, while the GBD dataset 
has been instrumental in understanding various health 
outcomes globally, its application to study the specific 
dynamics of LEAs in the MENA region has not been 
extensively pursued. This oversight is particularly criti-
cal given the region’s complex socio-political landscape, 
marked by periods of political turmoil, conflict, and wars 

[11–13], which significantly influence health outcomes, 
including amputations. The ongoing conflicts and insta-
bility make it even more imperative to understand how 
these factors correlate with the rates and causes of LEAs, 
informing healthcare planning and resource allocation in 
these challenging contexts.

Consequently, this study aims to be the first to har-
ness the extensive data of the GBD from 1990 to 2019 to 
analyze the temporal trends of lower extremity amputa-
tions in the MENA region. By doing so, we seek to fill 
a significant void in the current understanding of how 
socio-political dynamics, healthcare access, and disease 
prevalence have shaped the incidence trends of LEAs 
over nearly three decades. Our analysis will provide valu-
able insights into the effectiveness of existing health poli-
cies and the need for targeted interventions. The findings 
are expected to guide policymakers, healthcare provid-
ers, and researchers in developing strategies to reduce 
the incidence of LEAs, improve patient outcomes, and 
address the underlying disparities in healthcare access 
and quality across the MENA region.

Methods
Data source
Data Source The present study utilized the 2019 edition 
of the GBD dataset [23]. The GBD dataset is a compre-
hensive resource providing estimates across a range of 
crucial health measures, encompassing variables such as 
mortality rates, incidence, prevalence, years of life lost 
(YLLs), years lived with disability (YLDs), and disability-
adjusted life-years (DALYs). These estimations cover a 
spectrum of 369 diseases and injuries while considering 
87 distinct risk factors. Furthermore, GBD data is strati-
fied by gender, and it encompasses information from 
204 countries and territories, enabling extensive cross-
national comparisons [8, 24]. Of significance, the GBD 
dataset is updated on an annual basis, thus facilitating 
comprehensive assessments of temporal trends span-
ning from 1990 to 2019 for all the aforementioned health 
metrics.

The GBD study aggregates data from various sources 
including vital registration systems, censuses, sample 
registration systems, surveys, healthcare facilities, and 
death certificates. This data undergoes processing, 
adjustment for relevant covariates, and is modeled using 
standardized methodologies such as the Cause of Death 
Ensemble model (CODEm), spatiotemporal Gaussian 
process regression (ST-GPR), and DisMod-MR. The GBD 
Compare website facilitates the downloading and inter-
active exploration of the study’s results.

To tackle missing data, the GBD study team employs 
different strategies based on the nature of the missing 
information. When data is presumed to be missing at 
random, multiple imputation techniques are applied. For 
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data not missing at random, methods like inverse prob-
ability weighting are used. The team places a high prior-
ity on data quality and consistency, and their methods are 
meticulously documented to ensure transparency in how 
missing data is managed during the analysis [14, 15].

Comprehensive explanations of the processing and 
modeling approaches employed are available in the exist-
ing literature [16–25].

Data handling
Age standardized incidence rates per 100 000 popula-
tion (ASIRs) were extracted from the GBD Results Tool 
for each of the years 1990–2019 inclusive for each of the 
21 countries within the MENA region, per sex. The GBD 
data were analysed for LEAs, which were further strati-
fied into toe amputation and LEA proximal to toes (uni-
lateral and bilateral combined).

We used the GBD dataset categorization of MENA 
countries, which included 21 countries listed as follows: 
Afghanistan, Algeria, Bahrain, Egypt, Iran, Iraq, Jor-
dan, Kuwait, Lebanon, Libya, Morocco, Oman, Pales-
tine, Qatar, Saudi Arabia, Sudan, Syria, Tunisia, Turkey, 
United Arab Emirates, Yemen.

Statistical analysis
To analyze LEA trends, two methodologies were 
employed. Initially, the gross percentage change was 
computed for the period from 1990 to 2019. Addition-
ally, Joinpoint regression analysis, facilitated by the Sur-
veillance Research Program of the United States National 
Cancer Institute, was utilized. This analysis method uses 
a logarithmic scale to link different line segments into the 
simplest model. It begins with no Joinpoints (indicating a 
straight line) and tests the statistical significance of add-
ing more Joinpoints using the Monte Carlo permutation 
method. If significant, these Joinpoints are incorporated 
into the model. The software also calculates estimated 
annual percent changes (EAPC) for each segment, along 
with 95% confidence intervals. EAPCs help determine 
if there’s a deviation from the hypothesis of no change. 
Thus, in the final model, each Joinpoint signifies a sta-
tistically significant shift in the trend (either upward or 
downward), and each segment’s trend is characterized 
by its EAPC and corresponding confidence levels. This 
approach allows for the assessment of trend changes at a 
consistent percentage rate per year.

Results
1990–2019 lower extremity amputation incidence
Figure  1 demonstrates LEA ASIR per 100,000 popula-
tion per country in 2019 (Fig. 1a and b) and 1990 (Fig. 1c 
and d) for male and female patients. In 1990, Syria had 
the lowest incidence of LEA proximal to toes in male and 
female patients (9.6 and 8.2 per 100,000, respectively). In 

2019, Sudan had the lowest incidence of LEA proximal 
to toes in both male and female patients (6.2 per 100,000 
for male and 4.9 per 100,000 for female patients). In 1990, 
the highest incidence of LEA proximal to toes in females 
was observed in Iran (39.5 per 100 000), and for males, 
it was observed in Kuwait (60.6 per 100 000). The high-
est incidences in 2019 were seen in Afghanistan for both 
sexes (61.4 per 100,000 for male patients and 52.4 per 
100,000 for female patients).

In 1990, the lowest incidences of toe amputation among 
box sexes were observed in Egypt (21.5 per 100 000 for 
male patients and 14.6 per 100 000 for female patients). 
In 2019, the lowest incidences of toe amputation among 
box sexes were observed in Jordan (26.5 per 100 000 for 
male patients and 16.3 per 100 000 for female patients). 
In 1990, Kuwait had the largest toe amputations for 
males and females (388.9 and 188.5 per 100,000, respec-
tively). In 2019, Afghanistan saw the highest toe amputa-
tion ASIRs among both sexes (294.8 per 100,000 for male 
patients and 268.9 per 100,000 for female patients).

The distribution of total incidence for LEA and toe 
amputation is represented geographically for both sexes 
for 1990 and 2019 (Fig. 2).

Trends in lower extremity amputation incidence
Supplementary Table 1 shows the calculated percentage 
change between 1990 and 2019 in ASIR incidence, per 
country by sex. Overall, the trend shows that there has 
been a decrease of 6.7% in male LEA, 16.6% in male toe 
amputation, and an increase of 12.7% in female LEA and 
13.0% in female toe amputation.

Concerning LEA, Syria shows the highest increase in 
males and females, with a gross percentage change of 
330.0% and 377.8%, respectively. Yemen and Afghanistan 
also show significant increases, with 263.5% and 172.9% 
in males and 184.9% and 340.3% in females, respec-
tively. Countries like Libya, Saudi Arabia, Egypt, Turkey, 
and Tunisia show moderate male and female increases. 
Morocco shows a negligible change in males, with a gross 
percentage change of 0.3%, but a significant increase in 
females, with 17.7%. Bahrain, Oman, Emirates, Jordan, 
Qatar, and Algeria show decreases in males but increases 
or minor decreases in females. Iraq, Palestine, Sudan, 
Lebanon, Iran, and Kuwait show significant decreases in 
males and females.

Regarding toe amputation, Yemen shows the high-
est increase in males and females, with a gross percent-
age change of 792.9% and 845.8%, respectively. Syria 
and Libya also show significant increases, with 518.2% 
and 234.8% in males and 649.6% and 252.7% in females, 
respectively.

Countries like Afghanistan, Egypt, and Saudi Ara-
bia show moderate increases in incidence rates among 
males and females. Bahrain, Jordan, and Morocco show 



Page 4 of 15Al-Ajlouni et al. International Journal for Equity in Health          (2024) 23:178 

negligible changes among males and females. Emirates, 
Tunisia, Oman, Algeria, and Turkey show decreases in 
males but increases or minor decreases in females. Qatar, 
Iraq, Iran, Palestine, Sudan, Lebanon, and Kuwait show 
significant decreases in males and females.

Joinpoint analysis for lower extremity amputation 
incidence
Figures 3 and 4; Tables 1, 2, 3 and 4 present the results 
of the Joinpoint regression analysis for the four trends 
in all LEA ASIRs between 1990 and 2019 in female and 
male patients (countries with six trends shown in sup-
plementary data). EAPC in incidence rates for periods 
covered by each trend are demonstrated. Significant 
trend changes in ASIRs are reported. Several countries 
showed sudden spikes in LEA or toe amputation, such as 
Afghanistan, Algeria, Egypt, Iraq, Palestine, Syria, Sudan, 
Yemen, and Turkey, which could be associated with par-
ticular events in each trending period.

Discussion
This study is the first to assess the burden of LEAs in the 
MENA region using the GBD dataset from 1990 to 2019. 
To the best of our knowledge, this is the first research 
to epidemiologically investigate the temporal trends in 

LEA in the MENA region. Additionally, this is the first 
research to utilize the comprehensive GBD dataset for 
those purposes. Overall, our analysis reveals variable 
trends in LEA and toe amputation rates across different 
countries. Male LEA and toe amputation rates generally 
decreased, while female rates increased. Syria, Yemen, 
and Afghanistan showed significant increases in LEA 
rates, aligning with periods of socio-political instability 
and conflict. In contrast, countries like Iraq, Palestine, 
Sudan, Lebanon, Iran, and Kuwait saw marked decreases. 
These findings highlight the impact of healthcare access, 
socioeconomic factors, and regional turmoil on LEA 
incidences.

The differential trends in LEAs observed across the 
MENA region in this study appear to be influenced by 
a complex interplay of factors, including wars, natural 
disasters, and the prevalence of medical conditions like 
DM and peripheral vascular diseases. While wars and 
earthquakes are known to contribute significantly to limb 
amputations globally [26], DM and peripheral vascular 
diseases are more commonly cited in developed coun-
tries [27, 28]. Our findings suggest a similar pattern, with 
a generally higher incidence of LEAs in males than in 
females, aligning with previous literature [29, 30].

Fig. 1  The distribution of total incidence for LEA and toe amputation is represented geographically for (a) females in 2019, (b) males in 2019, (c) females 
in 1990, and (d) males in 1990
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In the case of Iran, the notable peak in LEAs among 
females in 1990 coincides with the Mencil-Rudbar earth-
quake. This devastating event may be a potential expla-
nation for this surge, although detailed documentation 
on the specific outcomes related to amputation is lack-
ing [31]. Similarly, the Gulf War’s timing in 1990 might 
offer a plausible context for the observed high incidence 
of LEAs in Kuwait, affecting both LEAs and toe ampu-
tations [32]. The spike in amputations in Afghanistan in 
2019 may be tentatively linked to the escalation of civilian 
attacks, suggesting how political instability can impact 
health outcomes.

When analyzing trends specific to individual countries, 
it becomes evident that local events can significantly 
affect LEA rates. In Morocco, the peak in LEAs in 2004 
coincides with a year marked by several earthquakes, 
including one of 6.3 magnitude. This temporal correla-
tion suggests a possible link between these seismic events 
and the increase in amputation rates, though direct evi-
dence connecting the two remains sparse [33]. In Tur-
key, the overall increase in amputations is predominantly 
driven by rising incidences of DM and peripheral vascu-
lar disease [34–36]. The sharp rise in 1999, particularly 
in the earthquake-affected Marmara region, suggests that 
major natural disasters might play a role in these spikes 
[37].

The analysis of Afghanistan, Iraq, Palestine, and Syria 
reveals that LEAs are likely correlated with ongoing con-
flicts. The upward trend in LEAs in Afghanistan from 
2004 to 2019 coincides with the protracted civil war [38], 
offering a potential explanation for the increased rates. 
The peaks in Iraq’s LEA rates in 2005 and 2015 seem to 
align with periods of intensified conflict [39], while the 
increase in Palestine beginning in 1999 and continuing 
until 2010 parallels the timeline of the second intifada 
[40]. The rise in LEA rates in Syria in 2013 is consis-
tent with the escalation of the civil war starting in 2011 
[41], suggesting a link between the conflict and health 
outcomes.

Conversely, in Jordan, Lebanon, and Sudan, the trends 
seem to be influenced more by non-traumatic factors 
such as DM and vascular diseases. Jordan’s increas-
ing trend from 2015 to 2019 might be attributed to the 
growing prevalence of vascular diseases and DM [42]. 
Lebanon’s peak in 2006, following a year of conflict, coin-
cides with an observed increase in DM-related lower 
limb amputations [43], suggesting that both the conflict 
and the rise in DM might have contributed to this peak 
[44]. Additionally, limitations in access to medical care 
during conflicts [45, 46] may have contributed to the 
increase in DM-related complications, such as amputa-
tions. In Sudan, the pattern of peaks, including in 1991, 
aligns with studies indicating that diabetic septic foot is 

Fig. 2  Overall age-standardized incidence rate for (a) males in 1990, (b) females in 1990, (c) males in 2019, and (d) females in 2019. Each map shows the 
Middle East and North Africa region with country coordinates. The colors green (low), yellow (mid), and red (high) represent the incident rate for each 
country
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Fig. 3  Trends in age standardized incidence rates (ASIRs) per 100 000 for lower extremity amputation (LEA) proximal to toes in Middle East and North 
Africa (MENA) countries between 1990 and 2019. Filled circles (blue) indicate male patients; and filled triangles (green) indicate female patients
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Fig. 4  Trends in age standardized incidence rates (ASIRs) per 100 000 for Teo amputations in Middle East and North Africa (MENA) countries between 
1990 and 2019. Filled circles (blue) indicate male patients; and filled triangles (green) indicate female patients
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a frequent cause of below-knee amputations [47], point-
ing to the significant role of this condition in shaping the 
observed trends.

Public health implications
This study’s findings underscore the urgent need for tar-
geted public health interventions in the MENA region to 
address the variable trends in LEAs. The increased rates 
of LEAs in countries like Syria, Yemen, and Afghani-
stan, which correlate with socio-political instability and 
conflict, highlight the necessity of integrating healthcare 
delivery into disaster response and conflict resolution 
strategies. Ensuring access to preventive and emergency 
healthcare in these settings could significantly mitigate 
the burden of LEAs [48, 49]. In addition to immediate 
medical care, long-term strategies should include train-
ing local healthcare providers in trauma care and estab-
lishing mobile medical units to reach remote areas.

Conversely, the rising incidence of LEAs linked to DM 
and vascular diseases in countries like Jordan, Lebanon, 
and Sudan calls for enhanced public health initiatives 
focused on chronic disease management. These initia-
tives should include widespread screening, improved 
access to healthcare services, and educational programs 
to raise awareness about the risks and management of 
DM and vascular conditions. Implementing commu-
nity-based health promotion programs and leveraging 
telemedicine could also play significant roles in manag-
ing these chronic diseases more effectively [50–52]. By 
addressing these non-traumatic factors, health systems 
can reduce the prevalence of preventable amputations 
and improve overall patient outcomes.

Furthermore, the study reveals the critical impact of 
healthcare access disparities on LEA trends. Research 
indicates that disparities in healthcare access, such as 
variations in income, insurance status, and socioeco-
nomic conditions, significantly affect LEA outcomes. 
Prior research based outside the MENA region dem-
onstrates that individuals from lower socioeconomic 
backgrounds are at a greater risk for major LEAs due to 
inadequate access to preventive care and timely treat-
ment [53, 54]. Addressing these disparities is essential for 
managing LEA rates effectively.

Efforts to address LEAs have focused on prevention, 
improved healthcare access, and awareness programs. 
However, disparities persist, with significant gaps in reha-
bilitation services across different regions and munici-
palities [55]. This highlights the need for improved access 
to high-volume hospitals and comprehensive rehabili-
tation services to address these disparities [56]. In con-
flict-affected regions, integrating healthcare into disaster 
response and rebuilding healthcare infrastructure is cru-
cial for reducing LEA rates.

Moreover, the study reveals the importance of robust 
data collection and analysis in understanding and 
responding to the health impacts of various factors, 
including wars, natural disasters, and chronic diseases. 
Strengthening health information systems, particularly 
in remote and rural areas, is essential for capturing accu-
rate data and enabling effective public health interven-
tions. This involves not only improving infrastructure but 
also training local health workers in data collection and 
management techniques. Collaboration between govern-
ments, international organizations, and local communi-
ties will be crucial in implementing these measures and 
ultimately reducing the burden of LEAs in the MENA 
region [57, 58]. Promoting regional data-sharing agree-
ments can enhance the ability to track and respond to 
health trends promptly and efficiently.

Strengths and limitations
This study’s primary strength lies in its pioneering 
approach to assessing the burden of LEAs in the MENA 
region using the GBD dataset spanning 1990 to 2019. By 
being the first to systematically explore temporal trends 
in LEA within this geographically and culturally diverse 
region, the research offers unprecedented insights into 
how socio-political events, natural disasters, and health 
conditions like diabetes mellitus and vascular diseases 
influence LEA rates. Additionally, the comprehensive 
time frame and use of consistent data sources enhance 
the reliability of the observed trends, allowing for a 
nuanced understanding of the factors impacting LEA 
rates across different countries and time periods.

However, the study faces several limitations that 
impact the interpretation of its findings. One significant 
constraint is the lack of data on inter-regional variations 
within countries, which could more precisely elucidate 
the impacts of natural disasters or wars affecting spe-
cific regions. This absence of localized data prevents a 
deeper understanding of how these events influence LEA 
rates in different parts of the same country. Addition-
ally, most available data about lower limb amputations in 
the MENA region is categorized as below the knee and 
above the knee amputations, with less research focusing 
on amputations proximal to the toe and toe amputations 
specifically. This limits our ability to draw comprehensive 
conclusions about these types of amputations. Further-
more, the GBD dataset, despite its advanced model-
ing and estimation methods based on primary data, 
has inherent limitations [59]. In some Middle Eastern 
countries, data collection systems are well-established 
and integrated with healthcare facilities, providing accu-
rate and comprehensive data. However, in other nations 
within the region, these systems may not be as robust, 
leading to significant disparities in data quality and 
availability, especially in remote and rural areas. These 
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variations introduce potential errors and biases, possibly 
resulting in the under or overestimation of the true bur-
den of lower extremity amputations.

Future research
Future research in the field of LEAs in the MENA region 
should prioritize a deeper investigation into the specific 
causes of these amputations. Given the diverse healthcare 
systems, socioeconomic conditions, political landscapes, 
and natural disaster risks across the region, understand-
ing the root causes is essential for developing targeted 
interventions to reduce LEA prevalence. Additionally, 
there is a pressing need for studies that incorporate more 
granular, region-specific data, particularly to understand 
the localized impacts of wars and natural disasters on 
amputation rates. This would involve enhancing data 
collection methodologies to capture inter-regional varia-
tions within countries. Future efforts should also focus 
on longitudinal studies that track changes in amputation 
rates over time in response to shifts in healthcare poli-
cies, socio-economic developments, and the aftermath 
of conflicts and disasters. Integrating future iterations of 
the GBD study in the coming years will provide crucial 
insights into how ongoing conflicts and changing cir-
cumstances are influencing these trends. Finally, incor-
porating patient-centered outcomes and perspectives 
could provide valuable insights into the quality of life and 
rehabilitation needs of amputees, guiding more holistic 
approaches to care and support in the MENA region.

Conclusion
In conclusion, this study provides valuable insights into 
the temporal trends of LEA in the MENA region from 
1990 to 2019. By leveraging the comprehensive GBD 
dataset, the analysis illuminates the impact of socio-
political dynamics, healthcare access, and disease prev-
alence on LEA rates across 21 MENA countries. The 
findings highlight the urgent need for targeted public 
health interventions to mitigate the burden of LEAs, par-
ticularly in conflict-affected areas like Syria, Yemen, and 
Afghanistan.

To effectively address these challenges, policymak-
ers should prioritize the development of comprehensive 
national strategies that focus on improving access to 
preventive care, particularly for high-risk populations. 
Enhancing chronic disease management through inte-
grated care models and promoting public health educa-
tion about the risks of diabetes and vascular diseases are 
critical. In conflict-affected regions, international collab-
oration is essential to support healthcare infrastructure 
and ensure the availability of essential medical services. 
For healthcare providers, there is a need to implement 
standardized protocols for early detection and manage-
ment of conditions leading to LEAs. Investing in training 

programs that equip healthcare professionals with the 
skills to manage complex cases in resource-limited set-
tings will be crucial. Additionally, adopting robust data 
collection and monitoring systems will enable continuous 
assessment and refinement of intervention strategies.

These insights can guide policymakers, healthcare pro-
viders, and researchers in developing effective strategies 
to reduce LEA incidence and improve patient outcomes 
in this geographically and culturally diverse region.
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