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Alzheimer’s disease (AD) ranks among the leading causes of morbidity and mortality worldwide. The
objective was to evaluate the burden of AD and other dementias among the countries of the Middle
East and North Africa (MENA) region by age and sex from 1990 to 2021. The data were sourced from
the Global Burden of Disease (GBD) study 2021. The estimates are presented as counts and age-
standardised rates per 100,000 accompanied by 95% uncertainty intervals (Uls). In 2021, AD and other
dementias recorded an age-standardised prevalence of 772.7 per 100,000 in the MENA region (95% Ul
671.2-877.6 per 100,000). This rate decreased by 4.9% in comparison to 1990, marking a statistically
significant change. AD and other dementias also accounted for approximately 73.79 thousand

deaths in the region in 2021, with the age-standardised rate decreasing by 8.6% compared to 1990.
Moreover, the disability-adjusted life years (DALY) rate was 476.3 per 100,000 population (95% Ul
225.6-1004.2), representing a 7.7% decrease from 1990 to 2021. Lebanon registered the highest point
prevalence per 100,000 at 828.25, while the United Arab Emirates recorded the lowest at 652.43. The
age-standardised point prevalence decreased from 1990 to 2021 in 13 of the MENA countries, while
no significant changes were observed in eight of countries. Additionally, in 2021, women experienced
higher prevalence rates, DALYs, compared to men. In the MENA region, age-standardised dementia
prevalence rose with age in both sexes. The burden of dementia in MENA has decreased from 1990 to
2021, but it remains higher than global estimates. Furthermore, the findings indicate that dementia
imposes a greater burden on the female population compared to males. To achieve a more accurate
estimation of the burden of Alzheimer’s disease and other dementias, more systematic studies in low-
to middle-income countries within the MENA region are required.
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Alzheimer’s disease (AD) ranks among the leading causes of morbidity and mortality worldwide, characterised
by progressive cognitive decline, behavioral changes, and eventual loss of independent function. In AD, the
brain pathologically accumulates amyloid-beta plaques and tau protein neurofibrillary tangles, resulting in
synaptic dysfunction and neuronal death. Neuroinflammation and oxidative stress also play crucial roles in
the disease’s progression2. In addition to aging, which is the principal risk factor, other significant risk factors
include genetic predisposition (such as the presence of the APOE &4 allele), cardiovascular diseases, diabetes,
and lifestyle factors like physical inactivity and poor diet!-.
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In 2019, dementia was responsible for 44 million DALY’ globally, ranking as the 7th leading cause of death
and disability combined, and the 3rd leading cause among individuals aged 70 and older®. The Global Burden
of Disease (GBD) Study 2019 found that dementia accounted for about 2.5% of total global DALYs". Previous
research on dementia’s impact found that, in 2019, the MENA region experienced 2.5 million cases and 70.5
thousand deaths attributable to the condition®. AD accounts for 60-80% of all dementia cases worldwide, making
it the most common form of this condition!’. The global burden of AD is rising, primarily driven by aging
populations and increased life expectancies. This trend is especially evident in the Middle East and North Africa
(MENA) region, where rapid demographic and epidemiological transitions present unique challenges for public
health systems®. As the MENA region experiences a significant rise in several risk factors associated with AD,
a rapid increase in the disease’s prevalence is anticipated in the coming decades. The population in the MENA
region is aging rapidly, with the proportion of individuals older than 60 expected to increase substantially by
2050°. Furthermore, there is a marked increase in the prevalence of cardiovascular diseases and diabetes, both of
which are significant risk factors for AD'.

Over the past few decades, the MENA region has experienced substantial socioeconomic transformations,
including improvements in healthcare infrastructure, greater access to education, and alterations in lifestyle
factors like diet and physical activity!!. These transformations have important implications for the epidemiology
of AD. Improved healthcare and increased longevity can lead to higher prevalence rates of AD, while changes
in lifestyle and diet can influence the risk factors associated with the disease’. For example, sedentary lifestyles
and poor dietary habits are becoming more common, contributing to obesity and metabolic syndromes, which
are risk factors for AD'2. Furthermore, the unprecedented COVID-19 pandemic has severely affected healthcare
systems worldwide, disrupting the diagnosis, treatment, and management of chronic diseases, including AD, and
the MENA region is no exception!. The pandemic has led to delays in diagnosis and treatment, the suspension
of routine healthcare services, and changes in health-seeking behaviors, which may have affected AD’s incidence
and outcomes'*. Understanding these impacts is crucial for crafting adaptive public health strategies in the post-
pandemic era'®.

The burden of AD is multifaceted and extends beyond the individuals directly affected by the disease. It
encompasses not only the direct impact on patients’ quality of life but also imposes indirect strains on caregivers,
families, and healthcare systems!®!”. AD places a substantial economic burden on societies, including increased
healthcare costs, long-term care expenses, and reduced productivity!®!°. A 2019 study estimated that dementia
care in the MENA region incurred costs of approximately $2.1 billion. This expenditure has been increasing
at an annual rate of 8.2% since 2000 and is forecast to reach $57.9 billion by 2050. In comparison, the global
annual growth rate in dementia-related spending from 2000 to 2019 was lower, at 4.5%°. Therefore, it is crucial
to comprehensively evaluate the burden of AD, taking into account its multiple dimensions and their interplay
within the MENA region.

Understanding the burden of AD is essential for informing policymakers and practitioners. Accurate and
up-to-date epidemiological data can aid in developing region-specific strategies to address the growing burden
of AD?!. These strategies may include public health campaigns to increase awareness, early detection programs,
and the development of support systems for patients and caregivers®. Additionally, understanding the burden of
AD can help advocate for increased funding and resources for Alzheimer’s research and care on both regional
and national levels?.

Given the urgent need for current literature on the burden of AD in the MENA region, our research aimed
to provide a comprehensive analysis of trends in incidence, prevalence, mortality, and disability-adjusted life
years (DALYs) associated with AD from 1990 to 2021'%23. By examining these trends, we sought to gain insights
into the distribution and determinants of AD in this region, thereby identifying areas that require targeted
interventions®®. Understanding both the current and projected burden of AD is essential for developing of
effective interventions, early detection strategies, and management plans. Additionally, this knowledge is vital
for informing resource allocation, enhancing healthcare infrastructure, and training healthcare professionals to
meet the growing demand for dementia care?®. Therefore, our study focused on detailing the DALYs, prevalence,
and mortality rates of dementia in the MENA region from 1990 to 2021, with stratification by age, sex, and
Socio-demographic Index (SDI).

Methods

Overview

GBD 2021 undertook a thorough investigation of 371 diseases and injuries across a global framework of 204
territories and countries, divided into 21 regions, spanning from 1990 to 2021%. This study focuses on AD
within the MENA region, providing detailed information on the mortality, prevalence, and DALYs across its
21 countries over this same time period. For a comprehensive understanding of GBD 2021 methodology and
its developments since GBD 2019, consult the associated publication?®. The estimates for fatal and non-fatal
outcomes, along with their supplementary methodological details, can be found at https://vizhub.healthdata.org
/gbd-compare/ and http://ghdx.healthdata.org/gbd-results-tool.

Case definition and data sources

Dementia is a severe, progressive, and chronic neurological disorder, marked by significant memory impairment
and various neurological dysfunctions. In GBD 2021, Institute for Health Metrics and Evaluation (THME)
utilised the Diagnostic and Statistical Manual of Mental Disorders (DSM) editions III, IV, or V, or the ICD case
definitions as our reference points. A broad spectrum of diagnostic and screening tools are available, including
the Clinical Dementia Rating scale (CDR), Mini-Mental State Examination (MMSE), and Geriatric Mental
State (GMS). The CDR serves as our primary reference for evaluating severity. The pertinent ICD-10 codes for
dementia are F00, FO1, F02, F03, G30, and G31, while the ICD-9 codes include 290, 291.2, 291.8, 294, and 331.
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Accepted alternative case definitions for inclusion were diverse and robust, encompassing diagnoses
determined by algorithmic modeling, general practitioner data, and clinical records. Additionally, diagnoses
utilising the 10/66 algorithm and those applying the NIA-AA (National Institute of Ageing—Alzheimer’s
Association) criteria were included, providing a comprehensive approach beyond the traditional ICD or DSM
standards.

To refine the estimates of dementia’s burden, IHME integrated a range of data sources. Mortality data
were drawn from relative risk studies and linked hospital records to mortality statistics. The GBD also utilised
prevalence and incidence data from surveys and administrative sources, such as claims data. Notably, GBD 2021
introduced the use of incidence data in dementia modelling for the first time, offering a more detailed and robust
analysis of the condition’s impact.

Beginning with GBD 2019, the methodology for fatal modelling underwent a significant redesign to remove
reliance on vital registration data. Instead, IHME focused on extracting data from literature that assessed the
relative risk of all-cause mortality linked to dementia exposure. This information was meticulously gathered
during a systematic review in PubMed using carefully defined search terms. The resulting dataset was notably
heterogeneous, capturing a range of exposure categories, including all dementia, Alzheimer’s disease, and
cognitive impairment, as well as various factors controlled for in the analyses.

Severity splits

Starting with GBD 2019, the approach to determining severity splits for dementia was comprehensively
restructured. A new systematic review was conducted to accurately capture the distribution of individuals across
various dementia severity classes within the dementia population. Although several methods are commonly
used for assessing severity, GBD used the Clinical Dementia Rating (CDR) scale as our reference definition.
Furthermore, it was relied on doctor-given diagnoses based upon DSM III, IV, V or ICD case definitions as
reference definitions for dementia.

As a neurodegenerative disorder with a broad spectrum of symptom manifestations, dementia requires a
variety of classification tools to accurately assess severity levels based on different criteria. Several tools were
recognised for classifying severity, including the Clinical Dementia Rating Sum-of-Boxes (CSR-SB), the
Blessed Test of Information, Memory, and Concentration (BIMC), and the Global Deterioration Scale (GDS).
Additionally, classifications from the Geriatric Mental State Examination (GMS), CAMDEX, DSM-III-R, and
Karasawa’s scale were accepted. These tools collectively provide a comprehensive framework for discerning the
nuanced severity levels of dementia.

Studies that assessed dementia severity using scales focused solely on cognitive function and memory were
excluded, as they did not evaluate the activities of daily living (ADLs). The Mini-Mental State Exam (MMSE) is
a prime example of such scales, and consequently, studies utilising it were omitted from the analysis.

Data processing and disease models

Non-fatal modelling strategy

Initially, prevalence data underwent a process of sex splitting, crosswalking, and age splitting. Studies that
provided separate data for age and sex were divided into age- and sex-specific data points. For data labelled
as “both” sexes, IHME used MR-BRT to derive a model ratio of female-to-male prevalence, allowing GBD to
split these into male- and female-specific data points. Additionally, data points were divided with age ranges
exceeding 25 years by applying the global age pattern.

In the initial DisMod-MR 2.1 model 1, which employs Bayesian meta-regression for disease modeling,
two country-level covariates were incorporated. Age-standardised education served as an indicator of general
brain health and activity, potentially offering protection against dementia, particularly Alzheimer’s disease.
Additionally, age-standardised smoking prevalence for both sexes was included as a covariate. This decision was
informed by literature indicating a positive correlation between smoking and the risk of developing dementia.

The cause-specific mortality results from the final fatal estimates were integrated into a comprehensive
DisMod-MR model (Model 2). To avoid double counting prevalent dementia cases, both under dementia and
other causes that can lead to dementia, we adjusted our dementia prevalence figures. This adjustment excluded
cases attributable to other conditions such as stroke, Parkinson’s disease, traumatic brain injury, and Down’s
syndrome. To achieve this, data from the Aging, Demographics, and Memory study (ADAMS) were utilised
alongside new systematic reviews to estimate the relative risk of developing dementia for each condition included
in the ADAMS dataset, specifically stroke, Parkinson’s disease, and TBI. Initially, logistic regression models were
employed to predict the likelihood of dementia given each exposure, incorporating age as an additional covariate.

Then these models were applied to forecast the likelihood of developing dementia for each exposure across
various ages. By calculating the ratio of the probability of having dementia to the probability of not having
dementia at each age, the relative risks were derived. These age-specific relative risks were then integrated
into the dementia prevalence estimates produced by the DisMod-MR 2.1 model to compute the population
attributable fractions (PAFs) for each cause and age category.

In the final step, the dementia prevalence attributable to each specific cause was estimated by multiplying the
PAF by the total prevalence. Then these attributable values from the overall prevalence were subtracted, thereby
isolating the prevalence of dementia that is not a result of other GBD causes.

Fatal modelling strategy

Dementia stands out in the GBD project as its mortality and morbidity estimates are modelled together, a
necessity due to stark differences between prevalence data and cause of death records. While prevalence data
show minimal changes over time, such as from 1990 to 2020, age-standardised mortality rates in high-income
countries have risen substantially during the same timeframe. Moreover, the disparity in prevalence between
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countries is far less pronounced than the variation in death rates assigned to dementia in vital registration data.
These pronounced discrepancies were attributed to shifts in coding practices rather than genuine epidemiological
changes.

ITHME began by leveraging relative risk data from systematic reviews to calculate attributable risk and the
GBD estimate of all-cause mortality rates for each time and location. Following this, a comprehensive meta-
analysis of the attributable risk data was conducted, incorporating covariates such as age, sex, exposure category
(encompassing all dementia, Alzheimer’s disease, cognitive impairment), and whether the research was based
on a clinical sample. Various controlled variables were also considered, including educational attainment,
cardiovascular disease comorbidities, smoking and alcohol consumption, as well as daily activities or residence
in a nursing home. To estimate relative risks, a second Bayesian bias-reduction meta-regression model was
employed, using the same systematically reviewed studies. The meta-regression results were utilised to model
the number of excess deaths attributable to dementia. This calculation was achieved by multiplying our adjusted
estimates (accounting for dementia caused by other GBD diseases) with our estimates of attributable risk.

Compilation of results

For each prevalence, death, or DALY estimate, we also meticulously generated 1000 draws, summing these across
age, cause, and location®. This rigorous approach ensured that uncertainty throughout the entire computational
process were captured and conveyed. Ninety-five percent uncertainty intervals (Uls) were calculated by selecting
the 2.5th and 97.5th percentiles from the sorted draws. Age was systematically separated into five-year intervals.
Utilising R (version 3.5.2) we produced detailed plots of age-standardised point prevalence, deaths, and DALY
rates. To thoroughly investigate the impact of the Socio-demographic Index (SDI) on the burden of AD and
other dementias across MENA countries, we applied smoothing splines models, providing a nuanced analysis
of these relationships.

Results

The MENA region

In 2021, in the MENA region, the prevalence of AD was 2.68 million cases (95% UI 2.32-3.04 million). In terms
of age-standardised rate (ASR) of prevalence, 772.7 patients per 100,000 (95% UI 671.2-877.6) were observed in
2021, which was 4.9% (95% UI 3.7-6.3) lower compared to 1990 (Tables 1 and S1). There were 73.79 thousand
(95% UI 18.12-190.47) deaths in 2021, with an ASR of 25.6 (95% UI 6.3-66.8) per 100,000, which was 8.6%
(95% UI 2.4-14.1) lower than in 1990 (Tables 1 and S2). Additionally, the number of DALY attributable to these
diseases was 1.56 million (95% UT 0.75-33.14), with an ASR of 476.3 (95% UI 225.6-1004.2) per 100,000, which
was also lower in comparison to 1990 (- 7.7% with a 95% UI of — 3.4 to — 11.7) (Tables 1 and S3).

Country level

In 2021, the national age-standardised point prevalence of AD ranged from 652.43 to 828.25 cases per 100,000.
The highest ASRs were reported in Lebanon [828.25 (95% UI 710.40-948.14)], Turkey [819.36 (95% UI 706.20-
936.59)] and Tunisia [791.09 (685.56-901.07)]. In contrast, the United Arab Emirates [652.43 (95% UI 552.16—
753.80)], Saudi Arabia [701.74 (95% UI 600.97-807.91)] and Egypt [726.90 (95% UT 630.54-823.49)] had the
lowest ASRs (Fig. 1A and Table S1).

In 2021, the age-standardised death rates of AD ranged from 23.36 to 33.27 cases per 100,000 among the
MENA nations. Afghanistan [33.27 (95% UI 8.44-89.55)], Libya [28.04 (95% UI 6.73-75.56)], and Qatar [26.54
(95% UI 6.57-73.95)] had the lowest ASRs. Conversely, Sudan [23.36 (95% UI 5.68-62.70)], Jordan [23.37 (95%
UI 5.78-64.07)], and the Syrian Arab Republic [23.83 (95% UI 6.08-62.44)] had the lowest (Fig. 1B and Table
S2).

In 2021, the national age-standardised DALY rates of dementia ranged from 427.48 to 577.72 cases per
100,000. Afghanistan [577.72 (95% UI 251.23-1271.17)], Libya [502.17 (95% UI 241.77-1123.68)], and Turkey
[491.99 (95% UT236.53-1031.11)] had the highest ASRs. In contrast, the United Arab Emirates [427.48 (95% UI
198.64-928.24)], Sudan [442.22 (95% UI 209.16-934.95)], and Jordan [450.02 (95% UI 219.99-960.28)] had the
lowest rates (Fig. 1C and Table S3).

The age-standardised point prevalence decreased from 1990 to 2021 in 13 of the 21 MENA countries, with no
significant changes in the rest of the countries. The United Arab Emirates [-9.9 (95% UI - 6.2 to — 13.3)], Yemen
[- 9.2 (95% UI - 5.9 to — 12.8)], and the Syrian Arab Republic [- 8.1 (95% UI — 4.6 to — 11.2)] had the largest
decrease in the age standardised point prevalence from 1990 to 2021 (Table S1 and Figure S1).

The age-standardised death rates decreased from 1990 to 2021 in the United Arab Emirates [- 16.2 (95% Ul
—5.2to — 26)], Bahrain [ 12.5 (95% UI - 1.3 to — 22.7)], and Iran [- 7.8 (95% UI — 1.8 to —12)]. No significant
changes were observed in the remaining countries (Table S2 and Figure S2).

The age-standardised DALY rates of five countries in the MENA region decreased from 1990 to 2021, while
there were no significant changes in the remaining countries. The United Arab Emirates [- 15.7 (95% UI - 8.6
to — 22.1)], Turkey [- 10.8 (95% UI — 0.8 to — 20.5)], and Bahrain [— 10.6 (95% UI — 2.6 to — 18.4)] experienced
the largest reductions (Table S3 and Figure S3).

Age and sex patterns
In 2021, the prevalence of AD and other dementias increased up to the 80-84 age bracket for both sexes, before
declining to the 95+ age category. The age-standardised prevalence of dementia rose with age for both sexes in
the MENA region (Fig. 2A).

In 2021, the number of deaths for both sexes rose with age to the 85-89 age bracket, then decreased. The age-
standardised death rate also rose with age in both sexes (Fig. 2B).
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Table 1. Prevalence, deaths, and DALY due to Alzheimer’s disease and other dementias in 2021, and
percentage change of age-standardised rates from 1990 to 2021 (generated from data available from http://
ghdx healthdata.org/gbd-results-tool).

The number of DALY also increased with age in both sexes to the 80-84 age category, after which it declined.
The age-standardised DALY rates increased with increasing age in both sexes (Fig. 2C). Additionally, in all three
measures—both in terms of numbers and ASRs—females were the dominant cases in all age groups, although
this difference was not statistically significant (Fig. 2A-C).

In 2021, the ratio of MENA/Global DALY rates were generally higher for males across all age ranges, except
for the 40-59 age bracket, where the rates were comparable to global figures. For females, the ratio was higher
in the 40-44 and 65-84 age groups. The highest MENA/Global DALY ratio in 2021 was 1.2, observed in males
aged 70-79. When compared to 1990 data, it is evident that the MENA/Global DALY ratio in 2021 was lower or
equal across all age groups and both sexes, indicating a decreasing trend over the measurement period (Fig. 3).

Relationship with the SDI
In 2021, the age standardised DALY rate of dementia decreased as the SDI increased up to 0.4, followed by a
slight rise up to an SDI of approximately 0.47. Beyond this point, the rate generally decreased for higher SDIs,
with a minor increase observed in the 0.6-0.65 range. The burden of dementia was higher than expected in
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Fig. 1. Age-standardised point prevalence (a), deaths (b), and DALYs (c) for AD and other types of dementia
(per 100,000 population) in the MENA region in 2021, by sex and country (generated from data available
from http://ghdx healthdata.org/gbd-results-tool).
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Fig. 2. Number of prevalent cases and prevalence (a), number of death cases and death rate (b), and number
of DALYs and DALY rate (c) for AD and other types of dementia (per 100,000 population) in the MENA
region, by age and sex in 2021; dotted and dashed lines indicate 95% upper and lower uncertainty intervals,
respectively (generated from data available from http://ghdx.healthdata.org/gbd-results-tool).
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Each point shows the observed age-standardised DALY rate for each country in 2021 (generated from data
available from http://ghdx.healthdata.org/gbd-results-tool).

Afghanistan, Libya, Turkey, Tunisia, Algeria, and Bahrain, while it was lower in Sudan, the Syrian Arab Republic,
Jordan, and Egypt (Fig. 4).

Discussion
In this study, we report the burden of AD in the MENA region using GBD 2021 data and to examine trends
from 1990 to 2021. In 2021, the age-standardised prevalence rate (772.7 per 100,000) was 4.9% lower than in
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1990. Similarly, the age-standardised death and DALY rates were 8.6% and 7.7% lower than in 1990, respectively.
We analysed all 21 MENA countries to compare the burden of dementia among them. The wide variation in
prevalence, death, and DALY across these countries may be attributed to differences in environmental factors,
risk factor exposure, genetics, age demographics, healthcare systems, and disparities in access to healthcare.
Regarding the age and sex-related burden, females generally exhibited higher rates compared to males, and the
burden increased with age; older age groups had higher DALY and death rates. Compared to global data, the
burden of dementia in the MENA region was consistently higher or equal to global rates across all ages and both
sexes. Considering the SDI of the countries, the burden generally decreased with increasing SDI. However, some
countries exhibited higher or lower than expected DALY rates.

In 2021, neurological diseases accounted for 11.1 million deaths globally and were the leading cause of DALY's
and YLLs. Alzheimer’s disease ranked second in terms of DALYs for individuals aged 60 and over, following
stroke?’. In 2019, dementia was one of the leading causes of disability and was the seventh leading cause of death
worldwide. Alzheimer’s disease, the predominant form of dementia, was responsible for more than half of all
dementia cases?®. In the MENA region, the age-standardised point prevalence of dementia increased by 3.0%
between 1990 and 2019, while DALY and death rates showed no significant changes®. Notably, the GBD 2016
study indicated that the global age-standardised point prevalence of dementia rose by 1.7% since 1990%. Previous
research has shown that from 1990 to 2019, the burden of dementia in the MENA region was consistently higher
or equal to the global rate*?, aligning with our findings. In 2019, the global number of Alzheimer’s disease cases
had increased by 161% compared to 1990, and projections indicate further increases by 2050%. The trends
observed in the MENA region aligned with these global patterns®.

The economic burden of dementia in the MENA region has steadily increased between 1990 and 2019,
reaching $2.1 billion, with projections estimating it will rise to $57.9 billion by 20502. This increase is attributed
to an aging population and improvements in healthcare, which have extended patients’ lifespans. Additionally,
it is predicted that the MENA region will experience the greatest increase in the burden of dementia by 2050.
However, in 2021, the age-standardised DALY, death, and prevalence rates in the MENA region showed no
significant changes compared to 1990.

Using GBD 2021 data, several risk factors were identified as having significant effects on the mortality rate
of Alzheimer’s disease, notably tobacco consumption and cardiovascular disease. Tobacco smoking emerged as
the most critical risk factor for dementia®%. From 1990 to 2019, the prevalence of smoking decreased in nearly
all MENA countries. However, despite smoking being the primary risk factor, the burden of dementia continued
to rise until 2019>. Due to the global focus on tobacco control, the burden attributable to tobacco consumption
decreased by 35% worldwide from 1990 to 2021%. Consistent with global findings, this study reported a slight
decrease in the burden of dementia in the MENA region.

The GBD estimates have limitations, as detailed in the “strengths and limitations” section. Given the
importance of evidence-based health policies, a core concept of the GBD Study is that "some data is better
than no data". The quality and accuracy of data collection depend on the disease type and local data collection
policies, both of which might affect the analysis.

Although alcohol consumption has long been recognised as a risk factor for brain damage and dementia
development™, a recent study found that low levels of alcohol consumption may have a protective effect against
AD, particularly in women. However, consistent with previous findings, higher levels of alcohol consumption
remain a risk factor®*. The prevalence of high alcohol consumption decreased in 2021, compared to both 1990
and 2020, which may have contributed to the reduced burden of AD and other dementias®®.

Moreover, vascular dementia ranks as the second most prevalent cause of dementia, surpassed only by
Alzheimer’s disease. Both symptomatic and asymptomatic vascular lesions significantly contribute to cognitive
impairment and might result in vascular dementia®. The declining burden of cerebrovascular accidents,
including ischaemic stroke, in the MENA region might be another reason for the observed decrease in AD
burden®.

Other risk factors influencing the burden of AD include low education, high fasting blood glucose, high BMI,
and high systolic blood pressure’’. While the prevalence of smoking and cardiovascular disease has declined,
the burden attributable to hypertension, high BMI, and high fasting blood glucose continues to pose a global
challenge, with increasing DALYs worldwide™.

The overall demographic changes in the MENA region, including a rise in the working-age population and
a reduction in the percentage of the elderly population, might also contribute to the reported slight decrease in
the dementia burden observed in our study*!*2,

Globally, the burden of dementia has been reported to be higher in females than in males®*. In our research,
we also found that in 2021, the number of prevalent cases, deaths, and DALYs, as well as age-standardised
measures, were higher in females than males, a trend expected to continue up to 205033, Several factors may
explain these findings. Firstly, there has been an overall increase in life expectancy globally, with women generally
living longer than men, as observed over past decades*"*. Since older age is a primary risk factor for developing
dementia, the fact that women tend to live longer may result in a higher number of dementia cases among
them?¢. Additionally, age-standardised point prevalence, DALYs, and deaths were also reported to be higher in
females. Traditional gender roles, along with differences in education, work, and lifestyle, may impact dementia
risk, contributing to what is known as “cognitive reserve””:%, Historically, men have had more opportunities for
higher education and high-skilled occupations than women?**°. Consequently, women may have less cognitive
reserve, making them more susceptible to dementia than men>>2. Biological factors and genetics are also
significant risk factors for AD>3-%°. For instance, the ApoE4 gene has been linked to the pathogenesis of AD, the
most common type of dementia. However, the risk of developing dementia is higher in women with a copy of
this gene than in men with this gene, suggesting that AD risk factors may be associated with greater brain ageing
in women. The understanding of this phenomenon remains incomplete®*->%. This difference might also lead to
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varying responses to AD medications between male and female patients, necessitating individualised treatment
approaches.

Consistent with previous findings**1*%, we observed no clear trends in changes in dementia burden relative
to SDI in MENA countries. This could be attributed to improvements in healthcare systems in these countries
or a lack of focus on elderly healthcare, which may result in suboptimal care for elderly patients despite residing
in higher SDI areas. Additionally, genetic and biological factors, which extend beyond environmental and
epigenetic influences, might also play a significant role.

Despite a slight decrease since 1990, the burden of dementia in the MENA region remains higher than the
global burden across nearly all ages and both sexes. These results highlight the critical need to address key
modifiable risk factors within this region. Factors such as high BMI, high fasting blood glucose, smoking, and
low education levels significantly impact the burden of dementia. Altering current trends in exposure to these
factors could help reduce this burden in the future®’. A recent study has shown that many dementia risk
factors are highly modifiable, and despite existing barriers and challenges, focusing on these risk factors could
help decrease the burden®'. As previously mentioned, the burden of dementia is consistently higher in females
than in males worldwide, and the MENA region is not an exception. While some factors are biological, many
modifiable risk factors disproportionately affect females, and targeting these could help alleviate the burden in
this demographic®>%,

Our results highlighted the trends in the burden of dementia from 1990 to 2021 across MENA countries,
examining risk factors and variations by age, sex, and SDI. These findings could inform policymaking and
planning for effective strategies to address the anticipated increase in dementia burden in the MENA region.
Interventions aimed at enhancing prevention, diagnosis, treatment, and rehabilitation could significantly impact
patients, their families, caregivers, and society. Such interventions might focus on improving infrastructure,
insurance coverage, public awareness, education, risk factors, and addressing resource inequities. As dementia
predominantly affects the elderly, who often have other health issues, managing polypharmacy is also crucial.
Increased awareness could help in more effectively addressing the needs of the elderly and, if necessary, offering
suitable palliative and end-of-life care. Multi-component interventions have been reported as the most effective
approach in controlling dementia®¢*.

Strengths and limitations

This study provides an updated perspective on the burden of dementia in this region using the most recent
data available. The findings are informative and could assist policymakers and stakeholders in addressing the
dementia burden in the region by understanding the latest trends. However, like most studies, ours has some
limitations. First, the GBD 2021 data collection resulted in wide uncertainty intervals, particularly in data from
low and middle-income countries. While the data remain important and useful, the wide uncertainty intervals
mean they are less precise. Second, there is a paucity of data and a failure to consistently use standardised case
definitions among the included studies, especially among low- and middle-income countries. Additionally,
regional factors such as local conflicts and poor health data systems exacerbate these challenges. In the absence
of data, precise modeling techniques were employed, but the lack of high-quality data remains a limitation.
Third, the definition of AD based on DSM or ICD criteria might lead to misclassifications and discrepancies in
reported data. Moreover, another shortcoming of the GBD data was that we were not able to separate the burden
of dementia into its different subtypes. Although AD cases are the most prevalent and contribute significantly to
the burden, other subtypes could influence our data interpretation. Therefore, it is recommended that dementia
be separated into its different subtypes in future cycles of the GBD study. Fourth, the COVID-19 pandemic,
occurring during data collection, caused delays and disruptionsin global and national interactions, potentially
affecting the data gathering, reporting, or submitting process. As reported in previous studies, the pandemic
decreased life expectancy in every GBD super-region from 2019 to 2021. The effect was mostly observed in
individuals aged 25 years and older, which includes most AD patients, and was more severe in sub-Saharan
Africa, the Middle East, south Asia, and Latin America regions. Given that this study was conducted on data
from the MENA region, the pandemic’s effect should be considered when comparing the results®.

Conclusions

Despite previously reported increases in point prevalence, age-standardised DALY and deaths due to dementia
in the MENA region, as well as projections indicating a rise in the burden of AD up to 2050, our study found
that the burden in 2021 was quite similar to that in 1990, with a slight decrease. However, the measures in
the MENA region were higher compared to global results and remained higher in females than in males. This
underscores the need to target major modifiable risk factors and to establish preventive measures, screening
tools, treatment resources, and palliative care centers. Future reports should focus on improving data quality in
low- and middle-income countries and include dementia subtypes when reporting the disease burden for a more
accurate understanding of AD in the MENA region.
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