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Nonmelanoma skin cancer (NMSC), accounts for approximately 90% of skin cancers. Global incidence

is rising, with projections showing a significant increase in cases and disability-adjusted life years
(DALYs). However, research on NMSC in the Middle East and North Africa (MENA) region is limited. This
study aims to assess the epidemiology and burden of NMSC in the MENA region from 1990 to 2021, by
sex, age, and socio-demographic index (SDI). The analysis used data from the Global Burden of Disease
2021 on age-standardized rates and cases of incidence, prevalence, deaths, and DALYs. Estimation of
NMSCs death was performed by the Cause of Death Ensemble model, while DisMod-MR 2.1 was used
for non-fatal outcomes. Counts and rates were presented with 95% uncertainty intervals. In 2021, the
MENA region reported an age-standardized incidence rate of 6.7 per 100,000 population for NMSC, a
14% decrease from 1990. However, the age-standardized death rate increased by 10.5% to 0.3, and the
DALY rate increased by 8.2% to 4.9 per 100,000. Among the countries, Turkey had the highest age-
standardized DALY rate of 13.5 and the Syrian Arab Republic had the lowest with 0.1 per 100,000. Most
cases of the disease were observed in older age groups, especially men aged 65-69 and women aged
60-64. Men had higher incidence, mortality, and DALYs than women in all age groups. From 1990 to
2021, the burden of NMSC increased with increasing SDI. There is variations in the NMSC burden in the
MENA region. Interdisciplinary education, policy changes, and healthcare improvements are essential
to reduce the burden and incidence of NMSCs in the coming years, particularly in the elderly and high
SDI countries.
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Skin cancer is among the most diagnosed forms of cancer, classified into melanoma and nonmelanoma skin
cancer (NMSC) with NMSC being the most common neoplasm in the white population. About 90% of total
skin cancers are NMSCs. The two most frequent forms of NMSC, squamous cell carcinoma (SCC) and basal cell
carcinoma (BCC), together account for approximately 99% of all NMSC cases! . SCC predominantly originates
from actinic keratosis, a precursor lesion characterized by dysplastic epidermal keratinocytes*. In contrast, BCC
mainly manifests as slow-growing, dome-shaped papules with raised, telangiectatic borders. More than 80%
of NMSCs occur in sun-exposed areas, primarily the head and neck?, with ultraviolet (UV) radiation as the
leading risk factor. Other contributing factors include age, sex, skin type, genetics, immunosuppression, certain
therapies, and family history>.

Although the overall mortality rate of NMSC is quite low, SCC-specific deaths are rising, with a tumor-
specific mortality rate of 1.1-3.2%. The prognosis worsens with metastasis, tumor thickness, desmoplastic
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growth, and immunosuppression. Mortality remains stable in younger groups but increases with age, especially
in those aged 80 years and older, reaching 20-34 per 100,000°-5.

Early detection besides the prompt treatment, greatly increases the likelihood of successful outcomes for
these locally invasive cancers. Surgical excision remains the most commonly employed treatment for NMSC.
More recent developments in radiotherapy and immunotherapy also have favorable results in the management
of NMSC*!0.

The global age-standardized incidence rate of NMSC rose from 54.1 in 1990 to 79.10 per 100,000 in 2019'!.
Other indicators, such as mortality and disability-adjusted life years (DALYs) showed increasing trends.
Projections indicate that deaths and DALYs related to NMSC will increase at least 1.5 times higher in 2044
compared to 2020, underscoring its growing impact on public health!2. The general prevalence of NMSC
coupled with the large number of affected individuals can be characterized as a significant disease burden; thus,
resulting in substantial economic costs and overwhelming healthcare systems. It is, therefore, necessary to assess
the burden of NMSC to recommend public health strategies for its prevention and management.

Some studies have investigated the incidence and death of NMSC at both regional and global levels
However, none have focused on the attributable burden of NMSCs in the Middle East and North Africa (MENA)
region. The MENA region, comprising 21 countries and approximately 436 million people, has significant
variations in socioeconomic status, healthcare coverage, infrastructure, cancer registries, and public health
programs. The region shares important geographical, cultural, and economic characteristics. Because of the
shared traits from a geopolitical perspective, they have been categorized under the MENA region!>!7-1°,

In the MENA region, health outcomes have improved, as reflected in increased life expectancy and reduced
neonatal mortality?’~?2. In the MENA region, high exposure to UV radiation, variations in skin phototypes,
cultural practices, and genetic predispositions, elevate the region’s vulnerability to NMSC?*-?°. In addition,
healthcare disparities, including limited access to screening, delayed diagnoses, and unequal treatment
availability, further exacerbate the NMSC burden in this region®*?%’. These factors underscore the need for
focused research to better understand and address the unique challenges of NMSC in the MENA region.

Although some studies have examined the incidence of NMSC in individual MENA countries
comprehensive regional analyses remain limited.. Therefore, we aimed to report the epidemiology and burden
of NMSC within the MENA region from 1990 to 2021, stratifying by sex, age, and location. Furthermore, the
relasionship with the socio-demographic index (SDI) was assessed.
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Methods

Overview

The Global Burden of Disease (GBD) study, developed by the Institute of Health Metrics and Evaluation,
evaluates the impact of diseases and injuries across 204 countries and territories in 2021. The GBD framework
evaluates mortality and morbidity using metrics such as incidence, prevalence, and DALYs, classified by cause,
age, sex, year, and location.

This study used GBD 2021 data to evaluate the burden of NMSC from 1990 to 2021 across all countries in
MENA. The MENA region comprises 21 countries: Afghanistan, Algeria, Bahrain, Egypt, Iran, Iraq, Jordan,
Kuwait, Lebanon, Libya, Morocco, Oman, Palestine, Qatar, Saudi Arabia, Sudan, Syria, Tunisia, Turkey, the
United Arab Emirates, and Yemen. A detailed explanation of the methods to model disease burden has been
previously explained elsewhere?®?. GBD 2021 estimates, spanning the years 1990 to 2021, can be accessed
through the following links: http://ghdx.healthdata.org/gbd-results-tool and https://vizhub.healthdata.org/gb
d-compare/.

Data source and definitions

The case definition for NMSC in this study is based on the criteria established by the GBD 2021. Estimates
for NMSC encompass both SCC (covering incidence and mortality) and BCC (covering incidence only). For
NMSC, the International Classification of Diseases (ICD)-10 codes of C44-C44.9, D04-D04.9, and D49.2, as well
as ICD-9 codes of 173-173.9, 222.4, 232-232.9, and 238.2 were used?®. Due to the infrequent recording of SCC
in cancer registries, only vital registration system data were used for SCC mortality modeling?®.

Modelling strategy

In the GBD 2021, estimates of mortality from NMSC were made using the Cause of Death Ensemble model
(CODEm), a modeling tool that integrates several models to improve predictive performance. For non-fatal
outcomes, the Bayesian meta-regression tool DisMod-MR 2.1 was used, integrating epidemiological data and
accounting for heterogeneity in study design and population characteristics. By modeling for known biases,
accounting for such covariates as demographic factors, health access, and availability of care, the estimates using
the models are more dependable on the NMSC burden?:.

Statistical analysis
The statistical analysis included age-standardized cases and rates of incidence, prevalence, and DALYs of NMSCs
in the MENA region. Also, the total age-standardized death cases and rates are reported, which only refers to
SCC death cases due to a lack of information on number of deaths of BCC. Additionally, the pattern of change
of these four indicators was analyzed. Age standardization was performed by using the GBD World Population
to enable comparisons across various time periods and regions®®. Uncertainty intervals (Uls) for all metrics
were computed by averaging estimates from 500 draws and 95% Uls were considered as the 2.5th and 97.5th
percentiles of the distribution?s.

DALYs measure disease burden by combining years of life lost (YLLs) and years lived with disability (YLDs)*.
YLLs are estimated based on premature mortality using age-specific mortality rates. YLL is calculated as the
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product of deaths and life expectancy predicted, giving more weight to deaths at younger ages?. YLD measures
the impact of an illness on quality of life before it resolves or leads to death. YLD considers the severity of
disability, with higher weights assigned to young adults compared to infants or the elderly. The age-standardized
rate is the standard tool used for the estimation of disease burden and is measured per 100,000 individuals?8.

Smoothing spline models were used to analyze the relationship between the SDI and the burden of NMSC?!.
The SDI is a composite measure incorporating per capita income, average years of schooling for individuals aged
15 and older, and the fertility rate for women aged 25 and under. It ranges from zero to one, indicating levels
of development from the lowest to the highest. The analytical sample was processed using R software (version
42.1).

Results

The Middle East and North Africa region

In 2021, the disease burden of NMSC varied significantly across countries in the MENA region. The age-
standardized incidence rate (ASIR) of the disease was reported to be 6.7 (95% UI: 5.4-8.0) per 100,000 population,
representing a 14% decrease from 1990. The age-standardized point prevalence of NMSC was also 1.9 (95% UL
1.6-2.2) per 100,000 people in 2021, which has decreased by 9.4% (95% UL —13.2 to —5.4) compared to 1990.
In contrast, the age-standardized DALY rate increased by 8.2% (95% UI: —12.9-38.3) to 4.9 (95% UI: 4.1-6.4)
per 100,000 persons, but this increase was not statistically significant. Also, the age-standardized mortality rate
(ASMR) increased by 10.5% (95% UI: —13.6-49.8) to 0.3 (95% UL 0.2-0.4) per 100,000 people, but this change
was also not statistically significant (Table 1).

National levels

Age-standardized incidence rate (ASIR) and percentage changes

The ASIR showed considerable variation among countries and sexes in the MENA region. At the national level,
Turkey had the highest ASIR at 10.8 (95% UI: 8.7-12.8) per 100,000 population and also recorded the highest
absolute number of new cases at 10,097. In contrast, Morocco had the lowest ASIR of 3.0 (95% UI: 2.2-3.7) per
100,000 population (Table 1 and Figure S1).

Sex analyses indicated that ASIR of males was consistently higher than females in all countries, and this
difference was particularly pronounced in Turkey. In the period from 1990 to 2021, countries such as Iran
—-26.4% (95% UL —28.4 to —24.3), Turkey —22.7% (95% UIL: —33.9 to —12.9), and Jordan —13.8% (95% UL
—-21.3 to —7.2) reported a decrease in ASIR, while the United Arab Emirates, Iraq, and Yemen reported an
increase in the ASIR (Figure S2). These patterns indicated regional rather than sex-specific effects and remained
the same for both sexes.

Age-standardized prevalence rate (ASPR) and percentage changes

The results showed that all countries in the MENA region reported an age-standardized prevalence rate (ASPR)
of less than four cases per 100,000 population. Turkey 3.3 (95% UTI: 2.8-3.8) had the highest ASPR among the
countries in MENA, followed by Lebanon 2.9 (95% UI: 2.3-3.4), Jordan 2.5 (95% UL 2.0, 2.9), and Iran 2.3
(95% UTI: 2.0-2.8). In contrast, countries such as Libya 0.6 (95% UI: 0.4-0.7), Bahrain 0.6 (95% UT: 0.4-0.8), and
Morocco 0.6 (95% UI: 0.5-0.7) had the lowest ASPR. Males had higher ASPR than females in most countries.
This difference was especially evident in Turkey. On the other hand, in countries such as Libya and Bahrain,
despite lower overall ASPR, sex differences were also smaller (Figure S3).

The largest increase in ASPR was reported in the United Arab Emirates 18.9% (95% UI: 10.2-28.7) over
1990-2021. On the other hand, Iran had the largest decrease with a decrease of 22.4% (95% UI: —27.1 to —18.1).
A significant decrease was also observed in other countries such as Jordan 15.9% (95% UIL: —21.9 to —8.6) and
Turkey 15.1% (95% UI: —23.1 to — 6.6) (Figure S4).

Age-standardized disability-adjusted life year rates and percentage changes

There were significant differences between countries and sex in terms of age-standardized DALY rates. This
disease had important impacts on public health, especially in Turkey 13.5 (95% UI: 10.6-18.2), which had the
highest DALY rate among countries in MENA. Following Turkey, Palestine 10.5 (95% UI: 6.2, 12.9), the United
Arab Emirates 9.9 (95% UI: 7.4-13.1), and Iraq 9.0 (95% UTI: 6.3, 12.6) had the highest age-standardized DALY
rates. In contrast, countries such as the Syrian Arab Republic 0.1 (95% UI: 0.1-0.1), Sudan 0.2 (95% UT: 0.1-1.6),
and Morocco 0.2 (95% UTI: 0.1, 1.6) reported the lowest age-standardized DALY rates. In almost every country,
sex-specific investigation showed a similar pattern of males having higher age-standardized DALY rates than
females (Figure S5).

Between 1990 and 2021, percentage changes in age-standardized DALY rates varied considerably among
MENA countries. Countries such as Egypt 549.0% (95% UI: 27.6-968.3), Libya 257.9% (95% UI: 133.2-1132.8),
and Morocco 148.0% (95% UI: 82.6-504.8) had the largest increases. In contrast, Turkey with -17.2% (95% UL
—37.5-9.9) decrease reported the greatest decline in the age-standardized DALY rates (Figure S6).

Age-standardized death rate (ASDR) and percentage changes

Figure S7 shows the significant variation in age-standardized death rate (ASDR) of NMSC among countries in
the MENA region. Turkey 0.8 (95% UL 0.6-1.0) and the United Arab Emirates 0.6 (95% UI: 0.4-0.8) reported
the highest ASDR, followed by Palestine 0.6 (95% UTI: 0.3-0.7) and Iraq 0.4 (95% UI: 0.3-0.6). In contrast,
countries such as the Syrian Arab Republic 0.0 (95% UI: 0.0-0.0), Sudan 0.0 (95% UI: 0.0-0.1), and Yemen 0.0
(95% UTI: 0.0-0.1) recorded the lowest ASDR. The sex pattern across the region showed that males consistently
had higher ASDR than females.
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Between 1990 and 2021, Egypt 557.9% (95% UI: 30.8-1036.3), Libya 261.0% (95% UI: 142.9-1523.5), and
Morocco 176.1% (95% UT: 90.3-1087.8) had the greatest increases in ASDR. In contrast, Turkey —12.2% (95%
UI: —34.9-22.2) had the largest decrease in ASDR (Figure S8).

Age and sex patterns
In 2021, the incident cases of NMSC increased with age, peaking in the 65-69 age group, and then declined in
older age groups. The incidence rates increased with age and it was highest in the 95 +age group for both males
and females. Moreover, in almost all age groups, particularly among those aged 70-74 and 75-79, men exhibit
higher incidence rates than women (Fig. 1A). The trend of prevalence was similar so the number of prevalent
cases increased in men up to the age group of 65-69 years for both males and females then decreased in older age
groups. The regional point prevalence of NMSC in both sexes had an upward trend with increasing age (Fig. 1B).
The DALY rate also increased with age, peaking in the 65-69 age group for men and 75-79 for women,
reflecting the increasing disease burden associated with aging populations. In age groups after 40 years, males
consistently had higher DALY than females. In age groups less than 40 years old, except for the age group of
25-29 years old, females had higher DALY than males. The regional DALYs for both sexes showed an upward
trend up, especially after 80 years old (Fig. 1C). In terms of death, the number of deaths increased until the age
range of 85-89 years for both males and females, followed by a decrease. However, the regional death rate for
both sexes showed an upward trend up to the 90-94 age range (Fig. 1D).

Association with socio-demographic index (SDI)

Our analysis revealed a positive association between SDI and NMSC burden, with higher SDI countries
experiencing greater age-standardized DALY rates than lower SDI countries. Countries like Kuwait, Qatar, and
Saudi Arabia experienced a lower-than-expected based on SDI, while the United Arab Emirates, Turkey, and
Jordan reported higher-than-expected burdens (Fig. 2).
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Fig. 1. Total incident cases and incidence rate (A), total prevalent cases and point prevalence (B), total DALYs
and DALY rate (C), and total death cases and death rates (D) of nonmelanoma skin cancer (per 100,000
population) in the Middle East and North Africa region, by age and sex in 2021. DALY = disability-adjusted-
life-year.
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Fig. 2. Age-standardized DALY rates of nonmelanoma skin cancer for the 21 countries, by SDI; The black line
represents expected DALY rates based on the relationship between SDI and disease burden. Each point on the
plot indicates the observed age-standardized DALY rate for a specific country in a given year from 1990 to

2021, resulting in 32 points per country. DALY = disability-adjusted-life-year. SDI = Socio-demographic Index.

Discussion

Our findings showed that the overall incidence and prevalence rates decreased compared to 1990, the burden
measured by DALYs and mortality rates showed slight increases, though these were not statistically significant.
Turkey consistently reported the highest incidence and prevalence rates, while Morocco had the lowest. Males
had higher rates of incidence, prevalence, DALYs, and mortality than females. The disease burden increased
with age, peaking in older age groups for incidence, DALY, and mortality. Higher SDI countries tended to have
a greater disease burden.

Our results indicated that the age-standardized incidence rates of NMSCs in the MENA region have
decreased, while the study of Hu et al. showed that NMSC is rapidly becoming more common worldwide; their
predictions indicated that the number of incident cases, deaths, and DALY related to NMSCs will increase by
at least 1.5 times from 2020 to 2044 globally!!. This global increase is primarily attributed to aging populations
and population growth. However, the MENA region has a younger population, which may explain the lower
incidence of NMSC!6323, Increased scrutiny may lead to higher cancer detection rates, potentially leading to
overdiagnosis. A study found that routine health screenings raised the likelihood of detecting skin cancers like
NMSC regardless of risk factors*. This information could justify the upward trend of NMSC globally, but the
decreasing incidence of NMSC can be attributed to the fact that in the MENA region, where routine screening
and healthcare access may be limited and lead to lower reported incidence of NMSC, despite the possibility of
similar or even higher actual rates which can affect comparability across regions.

This study demonstrated a decline in age-standardized incidence and prevalence rates, but an increase
in age-standardized death and DALY rates of NMSC from 1990 to 2021. These findings showed significant
regional variations. Some countries, such as Turkey, experienced notable improvements across all metrics,
likely due to enhanced detection and reporting of NMSCs that may be related to the efforts under the Turkey
National Cancer Programme, which focuses on cancer prevention and control, including increasing public
awareness national cancer screening programs, protection and public health policies, and the role of healthcare
providers®>36. In contrast, countries like Egypt and Libya, while showing declines in age-standardized incidence
and prevalence rates, saw increasing trends in death and DALY rates. This discrepancy may be explained by
disparities in healthcare access. Despite earlier detection, regions with limited resources or access to specialized
care may struggle to provide effective treatment, leading to worse outcomes and higher mortality and DALY
rates. Increased UV exposure and urbanization can also result in more aggressive NMSC forms, contributing
to higher death and DALY rates, even as incidence decreases. In addition, while early detection may reduce the
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number of severe cases reported, inadequate treatment and healthcare limitations can worsen outcomes, driving
up mortality and disability despite a decline in incidence.

Recent GBD 2019 research on the global burden of NMSC demonstrated that ASIR, together with the metrics
of new cases, deaths, DALY, and mortality rates, have all shown an upward trend!!. This does not align with our
findings in the MENA region. Although the incidence of NMSCs cancer is generally decreasing in the MENA
region, the rates vary greatly among different countries. It could depend on variations in exposure to the relevant
risk factors such as individual characteristics and environmental conditions, including skin type, latitude, and
sun exposure. However, none of these changes were statistically significant, so they should be interpreted with
caution when considering future planning and policy development.

Iran had the greatest decrease in age-standardized incidence and prevalence rates among MENA countries,
which may be attributed to behavioral education programs, such as sun protection awareness and early-stage skin
cancer screening which can facilitate early treatment and help prevent deaths®”*. The upward trend seems more
prominent for Turkey, and might be explained by the heavy engagement of its young population in industrial
and agricultural works, necessitating long exposure to sunlight. There is also a high recurrence of NMSC in this
country, thus contributing to an increasing trend*#. The incidence and prevalence of NMSC generally showed
a decline for both sexes in most countries from 1990 to 2021. However, exceptions such as the United Arab
Emirates and Iraq, which presented opposite trends, probably due to high exposure to UV radiation, especially
during summer. In the United Arab Emirates, rapid urbanization has fostered a lifestyle involving increased
outdoor activities, sunbathing, and tanning practices, along with high exposure to the sun, contributing to the
rise in skin cancer.

The peak incident cases of NMSC in the 65-69 year age group declines with age, while the greatest value for
incidence rates in the 95+ age group may reflect diagnostic bias due to limited access to advanced diagnostic
techniques (e.g., optical coherence tomography, videodermoscopy, confocal microscopy) in many MENA
countries, leading to underdiagnosis at earlier stages and delayed detection. Males showed a higher burden of
the disease, as depicted by higher prevalence, DALY, and mortality. Although the peak of DALY rate was higher
in females, a study indicated that young women are more prone to developing NMSC due to hormonal patterns,
which may lead to earlier onset. This earlier occurrence among the fact that women live longer than men can
result in higher YLD and subsequently greater DALYs, despite lower overall incidence compared to males®!.
Sex differences in disease onset have been observed in several conditions such as depression, melanoma*?, and
gastric cancer®. Similarly, epidemiological studies have reported a greater disease burden of NMSC in males
compared to females*’. A study on NMSC trends in Tripoli, Libya found that males were more frequently
affected than females®, which is consistent with the results of this study. Perhaps because men are spending
more time outdoors, have more occupational UV exposure, and have lower usage of protective measures like
sunscreen. Also, men’s skin is more prone to UV damage, lacks estrogen’s protective effects, and delayed care
increases their NMSC risk?*6-*5,

There was a positive association between socioeconomic status, measured using SDI, and the age-standardized
DALY rates. The United Arab Emirates and Turkey, with higher SDI, experienced more DALY's from NMSCs.
In contrast, Yemen and Afghanistan, with lower SDI, showed the least DALYs. Several Studies has proved that
increased socioeconomic status significantly raises the risk for NMSC!#9-51, which is consistent with our
findings. It was supposed that tanning acts more and more like a social phenomenon of success and happiness,
and leisure time outdoors has grown. Besides that, in areas of high SDI, the public knows more about NMSC,
resulting in more case detections and notifications, while low SDI countries may report fewer cases of NMSCs,
which may result in lower DALY, potentially due to limited data availability and healthcare infrastructure.

The study has several limitations. Firstly, the GBD database has data quality issues that may affect the
accuracy of the estimates. A key issue is the variability in cancer registries across regions, particularly in
lower-SDI countries, where cancer reporting systems may be incomplete or underdeveloped. This can lead to
underreporting of NMSC cases, resulting in an underestimation of the true burden of the disease!!. Additionally,
variations in healthcare access, particularly in regions with limited resources especially in countries with lower
SDI, can impact the diagnosis and reporting of NMSC, further complicating the accuracy of the data. To address
these limitations, it would be helpful to use more robust data collection methods, improve regional reporting
systems, and focus on large-scale cohort studies in each country in the MENA region. Additionally, special
attention should be given to conflict-affected regions to alleviate healthcare challenges and better address
NMSC. Despite these challenges, this study provides the most up-to-date estimates of the burden of NMSCs in
the MENA region.

Conclusions

The burden of NMSCs in the MENA region has shown variations across countries. Males had higher incidence
and mortality, especially in older adults. Interdisciplinary actions are needed to address NMSCs in the MENA
region, including sun protection education, policy modifications to reduce sun exposure during work hours,
and improved screening. In addition, efforts should be made to improve data accuracy and health infrastructure
in low SDI countries. Key actions should include comprehensive sun protection education, emphasizing
sunscreen use, protective clothing, and limiting sun exposure, particularly for outdoor workers. Policy changes,
such as adjusting work hours to minimize sun exposure, should be implemented in sectors with high outdoor
labor. Early detection must be prioritized, with mobile screening units and telemedicine to improve access in
underserved areas. Strengthening healthcare infrastructure and improving data accuracy in low-SDI countries
will ensure better diagnosis and monitoring of NMSC trends. Regional collaboration would be necessary to
share learning and resources, increase the effectiveness of these interventions, and eventually control the NMSC
burden in the region.
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