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Abstract
Objective: To we examine the temporal patterns of the burden of Alzheimer's disease 
and their association with Sociodemographic Index in countries with varying rates of 
aging.
Method: Data were obtained from Global Burden of Diseases studies (GBD) 2019 and 
were used to compare countries with different rates of change in aging population 
from 1990 to 2019. We collected the data of the age- standardized rates per 100,000 
of disability- adjusted life years (DALYs), incidence, prevalence of Alzheimer's disease 
and other dementias, and the age- specific population rates per 100,000.
Results: Countries with high rates of change in their aging populations had an increase 
in DALYs, incidence, and prevalence of Alzheimer's disease and other dementias over 
the last 30 years. Countries with a high rate of change in aging population had a sig-
nificantly positive association among DALYs, incidence, and prevalence of Alzheimer's 
disease and other dementias. In contrast, countries with a medium and low rate of 
change in aging population had negative associations between DALYs and incidence 
of Alzheimer's disease and other dementias.
Conclusion: This study highlights the significant impact of demographic changes on 
the burden, prevalence, and incidence of Alzheimer's disease and other dementia. The 
study also found that robust health care and social systems, as reflected by a higher 
Sociodemographic Index, can contribute to reducing the burden of Alzheimer's dis-
ease and other dementias in medium to low rates of aging populations. The findings 
underscore the importance of investing in health care and social systems to address 
the growing burden of these conditions, especially in countries with a high rate of 
change in the aging population.
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1  |  INTRODUC TION

Dementia is a syndrome characterized by a range of symptoms, 
with Alzheimer's disease being the most common type. Alzheimer's 
disease is primarily characterized by comprehensive dementia, in-
cluding memory and cognitive disorders, executive dysfunction, 
and personality and behavior changes.1 Mental disorder symp-
toms are also often present in patients with Alzheimer's disease.2 
Unfortunately, there are currently no specific measures available to 
prevent or cure Alzheimer's disease.3 Alzheimer's disease and other 
dementias represent a significant public health challenge worldwide, 
with an estimated 50 million people living with dementia globally in 
2020, a number that is projected to increase to 152 million by 2050.4 
Furthermore, Alzheimer's disease is a leading cause of disability and 
dependence in the elderly, with a profound impact on quality of life. 
It also poses a significant burden on health care systems and soci-
ety. Alzheimer's disease and other dementias were the fifth leading 
causes of death and the second leading neurological causes of death 
globally, with two out of every 10 individuals diagnosed with neuro-
logical disorders having Alzheimer's disease.5,6

The prevalence of Alzheimer's disease varies widely across 
different regions and countries, with higher rates reported in low- 
income countries compared to high- income countries.7 Studies have 
shown that the incidence and prevalence of Alzheimer's disease are 
strongly associated with aging, with a sharp increase in incidence 
and prevalence observed in individuals aged 65 years and older.8 
Although the causes of dementia are complex and multifactorial, 
aging is a well- established risk factor for the development of these 
conditions.8– 10 In high- income countries, where population aging 
is most pronounced, the prevalence of dementia is expected to 
rise substantially in the coming decades. A recent study by Global 
Burden of Diseases (GBD) 2019 Diseases and Injuries Collaborators 
estimated that the contribution of aging to the burden of Alzheimer's 
disease and other dementias increased substantially in the last de-
cade across high- income countries.11

The Sociodemographic Index (SDI) is a composite indicator that 
measures a country's level of development based on three key di-
mensions: income, education, and fertility, which the three factors 
have been linked to the risk of development of Alzheimer's dis-
ease and other dementias.12 The SDI was introduced in the GBD 
study's 2016 update as a replacement for the previously used Gross 
Domestic Product (GDP) per capita measure.13 The SDI was devel-
oped to better capture the multidimensional nature of development 
and to provide a more accurate reflection of the health and well- 
being of populations.13 The SDI has since become a widely used 
measure in global health research to better understand the social 
and economic context of health outcomes. By using the SDI, we 
can examine how the combined development factors, such as edu-
cation and income, influence health outcomes, including disability- 
adjusted life years (DALYs), incidence, and prevalence of diseases 
like Alzheimer's disease and other dementias.

Although the existing literature has established the association 
between aging and the development of Alzheimer's disease and 

other dementias, there are still gaps in our understanding of how 
the sociodemographic factors, such as education, income, and fer-
tility, interact with aging to impact the temporal patterns in DALYs, 
incidence, and prevalence of these conditions. Moreover, the tem-
poral patterns of Alzheimer's disease and other dementias in dif-
ferent high- income countries with varying rates of aging are not 
well- understood. Therefore, this study is needed to fill these gaps in 
knowledge and provide a more comprehensive understanding of the 
global impact of Alzheimer's disease and other dementias. By exam-
ining the association between the SDI and the temporal patterns in 
DALYs, incidence, and prevalence of Alzheimer's disease and other 
dementias, this study aims to shed light on the potential drivers of 
changes in dementia prevalence over time and contribute to better 
planning and provision of adequate care for affected populations.

2  |  METHODS

2.1  |  Aim, study design, and setting

The study aims to examine the temporal patterns in the age- standardized 
rates DALYs, the incidence, and the prevalence of Alzheimer's disease 
and other dementias from 1990 to 2019 in different high- income coun-
tries with different rates of aging in the last 3 decades. The study also 
examined the association between the SDI and the DALYs, the inci-
dence, and prevalence of Alzheimer's disease and other dementias in 
high- income countries with different rates of aging.

We collected data retrospectively from the World Bank on sev-
eral high- income countries, namely the United States, Germany, 
Japan, China, Saudi Arabia, and United Arab Emirates, and classi-
fied them based on their age- specific population rates.14 These six 
countries represented approximately 37.11% of the world's total 
population in 2019, according to the World Bank data.14 Then, we 
categorized these countries into three groups based on the rate of 
change in their aging population (65 + years) from 1990 to 2019: high 
rate of change, with a range between 101.37 and  130.18, medium 
rate of change, with a range between  72.72 and 86.6, and low rate 
of change, with a range between 58.75 and 64.98.

2.2  |  Data sources and variables definitions

Data was obtained from GBD studies 2019, which is a multinational 
collaborative project to provide high- quality estimates for 369 dis-
eases and injuries, and 87 risk factors in 204 countries and territories 
from 1990 to 2019.15 The GBD studies are a series of comprehen-
sive assessments of health loss, caused by diseases, injuries, and risk 
factors, across regions and over time. These studies are led by the 
Institute for Health Metrics and Evaluation (IHME) at the University 
of Washington in Seattle and involve collaboration with researchers 
and public health experts from around the world.15

We collected the data of the age- standardized rates per 100,000 
of DALYs, incidence, prevalence of Alzheimer's disease and other 
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dementias, and the age- specific population rates per 100,000 from 
1990 to 2019. The DALYs are a measure of the overall burden of dis-
ease, injury, and disability in a population. DALYs represent the num-
ber of healthy years of life lost due to premature death and disability 
and are calculated by adding together the years of life lost (YLLs) 
and the years lived with disability (YLDs) due to a specific health 
condition. Essentially, one DALY is equal to 1 year of healthy life lost. 
The YLLs are the years of life that a person would have lived if they 
had not died prematurely due to a particular health condition. YLLs 
are calculated by subtracting the age at death from the life expec-
tancy of a person at that age. This life expectancy is based on the 
lowest observed mortality rates for each age in any population. The 
YLDs represent the number of years that a person lives with a health 
condition that causes disability or reduces their quality of life. YLDs 
are calculated by multiplying the prevalence of a particular health 
condition by its disability weight, which reflects the severity of the 
condition's impact on a person's quality of life.

2.3  |  Statistical analysis

The purpose of this study was to examine the temporal trend 
of the burden of Alzheimer's disease and other dementias, age- 
standardized incidence, and prevalence of Alzheimer's disease and 
other dementias from 1990 to 2019. We utilized segmented regres-
sion analysis in with two segments model. Segmented (Piecewise) 
regression models involve fitting a least squares regression line for 
each segment and assume a linear association between the predictor 
variable and the response variable within each of those segments.16 
We calculated the average annual percent change (AAPC) and its 
corresponding 95% confidence interval (CI) by weighing the seg-
ment trends. We used several generalized additive regression mod-
els (GAMs) to further examine the association between the burden 
of Alzheimer's disease and other dementias, age- standardized inci-
dence, and prevalence of Alzheimer's disease and other dementias, 
and SDI for each country. The GAM allows us to discover patterns 
in the relationship between the independent and dependent vari-
ables by relaxing the typical parametric assumption of normality.17 
All analyses were performed using SAS statistical software version 
9.4 (SAS Institute Inc.).

3  |  RESULTS

Table 1 shows that countries with high rates of change in their aging 
populations, as in Japan, had a 28.63% increase in DALYs, a 15.8% 
increase in incidence, and a 22.2% increase in prevalence, whereas 
China had a 6.05% increase in DALYs, a 14.7% increase in inci-
dence, and a 29.2% increase in prevalence over the last 30 years. 
The United States and United Arab Emirates, with medium rates of 
change in their aging populations, experienced slight decreases or 
stagnation in their DALYs, incidence, and prevalence of Alzheimer's 
disease and other dementias from 1990 to 2019. The United States 

had a 2.42% decrease in DALYs, a 4.45% decrease in incidence, and 
a 2.12% decrease in prevalence, whereas the United Arab Emirates 
had a 2.4% decrease in DALYs, a 0.94% decrease in incidence, and a 
0.12% decrease in prevalence. Germany and Saudi Arabia, with low 
rates of change in their aging populations, experienced slight de-
creases in their DALYs, and incidence, and an increased prevalence 
of Alzheimer's disease and other dementias from 1990 to 2019. 
Germany had a 12.31% decrease in DALYs, a 4.24% decrease in in-
cidence, and a 2.37% increase in prevalence, whereas Saudi Arabia 
had a 0.88% decrease in DALYs, a 1.34% decrease in incidence, and 
a 0.82% increase in prevalence.

Figure 1 shows the annual patterns changes for DALYs of 
Alzheimer's disease and other dementias over the period from 1990 
to 2019. The results show that countries with a high rate of change 
in aging population (Japan and China) had a consistent increase of 
DALYs over the study period. In contrast, countries with a medium 
and low rate of change in aging population show consistent decrease 
of DALYs over the study period. In Figure 2, countries with a high 
rate of change in aging population had a consistent increase of both 
age- standardized incidence and prevalence of Alzheimer's disease 
and other dementias, except for Saudi Arabia, and Germany (low rate 
of change in aging population) had a slight increase of prevalence in 
the last 8 years of the study period.

Table 2 presents countries with a high rate of change in aging 
population (Japan and China) had a significantly positive association 
between DALYs, incidence, and prevalence of Alzheimer's disease 
and other dementias. Japan had a coefficient value of 1.95 (95% CI: 
0.61 to 3.31) for DALYs, 1.13 (95% CI: 0.33 to 1.92) for incidence, and 
1.51 (95% CI: 0.45 to 2.55) for prevalence. China had a coefficient 
value of 0.28 (95% CI: 0.24 to 0.32) for DALYs, 0.33 (95% CI: 0.23 
to 0.42) for incidence, and 0.65 (95% CI: 0.49 to 0.8) for prevalence. 
In contrast, countries with a medium (United States and United 
Arab Emirates) and low (Germany and Saudi Arabia) rate of change 
in aging population had negative associations between DALYs and 
incidence of Alzheimer's disease and other dementias. The United 
States had a coefficient value of −0.67 (95% CI: −0.83 to −0.5) for 
DALYs, −0.04 (95% CI: −0.23 to 0.13) for incidence, and 0.28 (95% 
CI: 0.06 to 0.51) for prevalence. The United Arab Emirates had a co-
efficient value of −0.21 (95% CI: −0.29 to −0.12) for DALYs, −0.06 
(95% CI: −0.08 to −0.04) for incidence, and − 0.04 (95% CI: −0.06 
to −0.03) for prevalence. Germany had a coefficient value of −2.28 
(95% CI: −2.61 to −1.96) for DALYs, −0.47 (95% CI: −0.66 to −0.27) 
for incidence, and 0.33 (95% CI: 0.18 to 0.49) for prevalence. Saudi 
Arabia had a coefficient value of −0.08 (95% CI: −0.09 to −0.06) for 
DALYs, −0.04 (95% CI: −0.05 to −0.02) for incidence, and 0.02 (95% 
CI: 0.006 to 0.03) for prevalence.

4  |  DISCUSSION

The study examined the temporal patterns in the age- standardized 
rates DALYs, the incidence, and the prevalence of Alzheimer's disease 
and other dementias from 1990 to 2019 in different high- income 
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F I G U R E  1  DALY Alzheimer's disease and other dementias.

High rate of change in aging population (+101.37, +130.18)

Medium rate of change aging population (+72.72, +86.6)

Low rate of change aging population (+58.75, +64.98)

0%

100%

200%

300%

400%

500%

Japan

335%
340%
345%
350%
355%
360%
365%
370%
375%

China

350%
355%
360%
365%
370%
375%
380%
385%
390%
395%
400%

United Arab Emirates 

305%

310%

315%

320%

325%

330%

335%

340%

345%

350%

United States 

260%
270%
280%
290%
300%
310%
320%
330%
340%
350%

Germany

380%

385%

390%

395%

400%

405%

Saudi Arabia



286  |    RAMADAN

F I G U R E  2  Temporal trends in incidence and prevalence of Alzheimer's disease among diverse aging populations from 1990 to 2019.

High rate of change in aging population (+101.37, +130.18)

Medium rate of change aging population (+72.72, +86.6)

Low rate of change aging population (+58.75, +64.98)
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countries with different rates of aging in the last 3 decades. The 
study found that countries with a high rate of change in aging popu-
lation (Japan and China) had a consistent increase of DALYs, preva-
lence, and incidence rate over the study period. This finding reflects 
the substantial impact of demographic changes in these countries. 
The study also examined the associations among DALYs, incidence, 
and prevalence of Alzheimer's disease and other dementias, and 
SDI across different countries with varying rates of change in aging 
population from 1990 to 2019. The study found that countries with 
a high rate of change in ther aging population, have a significantly 
higher burden of Alzheimer's disease compared to countries with a 
medium and low rate of change in aging population. Despite popula-
tions having sound health care and social systems, such as Japan,18 
experience a more pronounced and acute burden, prevalence, and 
incidence of Alzheimer's disease, probably due to their high rate of 
change in the aging population.19,20

The data suggest that countries with a high rate of change in the 
aging population, such as Japan and China, have a higher the inci-
dence and prevalence of Alzheimer's disease and other dementias, 
whereas countries with a medium and low rate of change in aging 
population show a fluctuation of decreasing and increasing trend in 
the incidence and prevalence over time. This indicates the substan-
tial impact of the aging factor on the incidence and prevalence of 
Alzheimer's disease, as suggested by several previously conducted 
studies.8– 10,19,20 This also could be due to several factors, such as im-
proved access to health care, better education and awareness of the 
disease, and more effective treatments or preventive measures.21,22 
The data also suggest that a higher SDI is associated with a sharper 
decrease in the incidence and prevalence of Alzheimer's disease 
and other dementias among countries with medium to low rates of 
aging. This indicates that better health care and social systems, as 
reflected by a higher SDI, can contribute to reducing the burden of 
Alzheimer's disease and other dementias in medium to low rates of 
aging populations. The negative associations between DALYs and 
incidence of Alzheimer's disease and other dementias in countries 
with a medium and low rate of change in aging population (such as 
the United States, United Arab Emirates, Germany, and Saudi Arabia) 
suggest that these countries may have made some progress in re-
ducing the burden of these conditions.

However, given the projected increase in the aging population in 
these countries, it is important to continue investing in strategies that 
promote healthy aging and prevent or delay the onset of Alzheimer's 
disease and other dementias. This study provides important insights 
into the impact of demographic changes on the health of aging pop-
ulations and highlights the need for effective strategies to address 
the growing burden of Alzheimer's disease and other dementias in 
different countries. Policies and interventions aimed at addressing 
Alzheimer's disease should take into account the aging population 
and the level of SDI in a given country. Improving health care and 
social systems, especially in countries with higher aging rates, may 
help alleviate the burden of the disease. Moreover, there is a need 
for global collaboration and investment in Alzheimer's disease re-
search to develop effective prevention and treatment strategies TA
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that can be applied across different populations and contexts. The 
implications of the study's findings underscore the importance of 
a comprehensive public health approach to address the increasing 
burden of Alzheimer's disease in countries experiencing rapid pop-
ulation aging. Policymakers, health care providers, researchers, and 
communities must work collaboratively to implement strategies that 
promote early detection, improve access to quality care, create sup-
portive environments, and advance knowledge in the field. By pri-
oritizing public health measures, societies can better respond to the 
challenges posed by Alzheimer's disease and improve the well- being 
of individuals affected by this devastating condition.

There are several limitations for the study that should be con-
sidered. First, the study relies on estimates of DALYs, incidence, and 
prevalence of Alzheimer's disease and other dementias, which may be 
subject to measurement error. The accuracy of these estimates may 
be influenced by differences in diagnostic criteria, health care access, 
and reporting practices across different countries. Second, the study 
focuses on a limited number of countries, which may not be represen-
tative of the global population. The findings may not be generalizable 
to other countries with different sociodemographic characteristics 
and health systems. Third, the study does not examine potential 
confounding factors, such as genetics, lifestyle factors, and comor-
bid conditions that may influence the relationship between aging 
population and Alzheimer's disease and other dementias. Finally, the 
study does not consider potential differences in the quality of care 
and treatment for Alzheimer's disease and other dementias across 
different countries, which may influence the observed associations 
between the aging population and these conditions.

5  |  CONCLUSION

This study highlights the significant impact of demographic changes 
on the burden, prevalence, and incidence of Alzheimer's disease and 
other dementias across different countries. The study also found 
that robust health care and social systems, as reflected by a higher 
SDI, can contribute to reducing the burden of Alzheimer's disease 
and other dementias in medium to low rates of aging populations. 
The findings underscore the importance of investing in health care 
and social systems to address the growing burden of these condi-
tions, especially in countries with a high rate of change in the aging 
population. Although the study has several limitations, its findings 
provide important insights into the complex relationship among 
demographic changes, health systems, and Alzheimer's disease and 
other dementias. Policymakers and public health officials should 
consider these findings when developing strategies to address the 
growing burden of these conditions in different countries.
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