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Abstract  The oldest-old population, those 
aged ≥ 80  years, is the fastest-growing group in the 
United States (US), grappling with an increasingly 
heavy burden of dementia. We aimed to dissect the 
trends in dementia prevalence, mortality, and risk 
factors, and predict future levels among this demo-
graphic. Leveraging data from the Global Burden 
of Disease Study 2019, we examined the trends in 
dementia prevalence, mortality, and risk factors (with 

a particular focus on body mass index, BMI) for US 
oldest-old adults. Through decomposition analysis, 
we identified key population-level contributors to 
these trends. Predictive modeling was employed to 
estimate future prevalence and mortality levels over 
the next decade. Between 1990 and 2019, the number 
of dementia cases and deaths among the oldest-old 
in the US increased by approximately 1.37 million 
and 60,000 respectively. The population growth and 
aging were highlighted as the primary drivers of this 
increase. High BMI emerged as a growing risk factor. 
Females showed a disproportionately higher demen-
tia burden, characterized by a unique risk factor pro-
file, including BMI. Predictions for 2030 anticipate 
nearly 4 million dementia cases and 160,000 related 
deaths, with a marked increase in prevalence and 

Xueshan Cao, Minmin Wang, and Mengge Zhou 
contributed equally to this work.

Supplementary Information  The online version 
contains supplementary material available at https://​doi.​
org/​10.​1007/​s11357-​024-​01180-6.

X. Cao 
Department of Occupational Health and Environmental 
Health, School of Public Health, Hebei Key Laboratory 
of Environment and Human Health , Hebei Medical 
University, Shijiazhuang, Hebei, China

M. Wang 
Department of Global Health, School of Public Health, 
Peking University, Beijing, China

M. Wang 
Institute for Global Health and Development, Peking 
University, Beijing, China

M. Zhou 
Department of Epidemiology and Biostatistics, Institute 
of Basic Medical Sciences Chinese Academy of Medical 
Sciences, School of Basic Medicine, Peking Union 
Medical College, Beijing, China

Y. Mi 
Department of Epidemiology, Bloomberg School of Public 
Health, Johns Hopkins University, Baltimore, MD, USA

V. Fazekas‑Pongor · D. Major · A. Lehoczki 
Department of Public Health, Semmelweis University, 
Budapest, Hungary

A. Lehoczki 
Doctoral College, Health Sciences Program, Semmelweis 
University, Budapest, Hungary

A. Lehoczki 
Department of Haematology and Stem Cell 
Transplantation, National Institute for Haematology 
and Infectious Diseases, South Pest Central Hospital, 
Budapest, Hungary

http://crossmark.crossref.org/dialog/?doi=10.1007/s11357-024-01180-6&domain=pdf
http://orcid.org/0000-0002-5673-3989
https://doi.org/10.1007/s11357-024-01180-6
https://doi.org/10.1007/s11357-024-01180-6


4762	 GeroScience (2024) 46:4761–4778

1 3
Vol:. (1234567890)

mortality anticipated among those aged 80–89. The 
past 30  years have witnessed a notable rise in both 
the prevalence and mortality of dementia among the 
oldest-old in the US, accompanied by a significant 
shift in risk factors, with obesity taking a forefront 
position. Targeted age and sex-specific public health 
strategies that address obesity control are needed to 
mitigate the dementia burden effectively.

Keywords  Dementia · Prevalence · Mortality · 
Body mass index · Public health

Introduction

Dementia is an important global public health issue 
characterized by symptoms that affect memory, think-
ing, and social abilities [1]. Alzheimer’s disease (AD) 
and AD-related dementias, among which vascular cog-
nitive impairment and dementia (VCID) stands as the 
foremost cause, are the principal contributors to demen-
tia. Forecasts suggest a steep rise in the global num-
ber of people with dementia, expected to reach 65.7 
million by 2030 and swell to 115.4 million by 2050 
[2]. The economic toll of dementia is equally stagger-
ing, amounting to $948 billion globally in 2016, with 
a yearly increment of 15.94% [3]. In the United States 
(US), the situation mirrors the global crisis, with 4.7 
million individuals aged 65 or older affected in 2010 
[4], making dementia the fifth leading cause of death 
among the elderly [1]. Particularly alarming is the 
scenario among the “oldest-old” adults—defined by 
the American Geriatric Society and the World Health 
Organization as those aged 80 or older—represent the 
most rapidly expanding segment of the population, 
bearing a disproportionately high burden of dementia 
[5]. Addressing the unique challenges and risk pro-
files of the oldest-old is crucial for developing targeted 

interventions aimed at mitigating the impact of demen-
tia [6, 7].

However, large-scale epidemiological studies focus-
ing on dementia among the US oldest-old adults have 
been sparse, leaving a significant knowledge gap. This 
void becomes especially critical in the context of the 
escalating obesity epidemic, which intertwines with 
dementia’s prevalence and risk factors, underscoring 
the necessity for in-depth understanding and tailored 
strategies. This study aims to fill this gap by assessing 
the long-term trends in dementia prevalence, mortality, 
and risk factor patterns from 1990 to 2019 among US 
oldest-old adults, with a special focus on the obesity 
epidemic’s role as a pivotal risk factor. Additionally, 
we aim to project future prevalence and mortality rates 
over the coming decade, thereby providing insights 
essential for reducing dementia’s disease burden.

Leveraging comprehensive epidemiological data 
from the Global Burden of Disease (GBD) study, 
which covers 369 diseases and injuries across 204 
countries and territories [8], this research offers a 
unique lens through which to view the epidemiologi-
cal characteristics and trends of dementia within the 
US oldest-old demographic. Through a methodologi-
cal approach that incorporates decomposition analy-
sis and predictive modeling, this study will dissect the 
net contributions of key population-level factors—
aging, growth, and epidemiological shifts—providing 
a nuanced understanding of how these elements influ-
ence dementia trends among the oldest-old.

The implications of our findings are far-reaching, 
with the potential to significantly impact public health 
policy and practice. By elucidating dementia trends 
and identifying critical risk factors, notably obesity, 
this study aims to arm policymakers and healthcare 
professionals with the information necessary to for-
mulate targeted intervention strategies. By focusing 
on the health needs of the oldest-old and addressing 
modifiable risk factors like obesity, we envision pav-
ing the way towards more resilient healthcare sys-
tems, better equipped to support an aging population.

Methods

Data source

The US dementia data from 1990 to 2019 used in 
the present study were extracted from the public 
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data of GBD study 2019 [9, 10] and GBD study was 
approved by University of Washington Institutional 
Review Board Committee (STUDY00009060) [8]. 
Briefly, the GBD 2019 provided comprehensive 
epidemiological data on 369 diseases and injuries 
for 204 countries and territories from 1990 to 2019 
[9–11]. For the data source, the US data sources of 
dementia prevalence were the health and retirement 
study (HRS) and aging, demographics, and memory 
study (ADAMS, a sub-cohort from HRS) [12]. The 
same data sources were used to extract data on US 
dementia mortality.

Based on the data sources, the GBD 2019 study 
used the Disease Modelling Meta-Regression (Dis-
Mod-MR) 2.1 to generate estimation of demen-
tia measures by sex, age group, year, etc. [10]. The 
DisMod-MR 2.1 is a Bayesian meta-regression tool 
and has been widely used in disease burden modeling 
(such as incidence and prevalence). Notably, DisMod-
MR 2.1 could ensure consistency between the differ-
ent epidemiological parameters by enforcing asso-
ciations in a set of differential equations. This model 
has been validated and confirmed to be robust [13]. 
Focusing on oldest-old adults aged ≥ 80 years in the 
US, we extracted four age groups data on US demen-
tia, including 80–84 years, 85–89 years, 90–94 years, 
and 95 + years. Additionally, for prevalence and mor-
tality data, the absolute number (i.e., case), and the 
rates of the two measures were analyzed.

Decomposition analysis

To understand the net contribution of underlying 
population-level factors (i.e., aging of population, 
population growth, and epidemiological change) to 
the alterations of prevalence and mortality and their 
net contribution proportions from 1990 to 2019, 
we conducted decomposition analysis on changes 
in prevalence and mortality using the Das Gupta’s 
decomposition method, which has been widely used 
in epidemiological studies and demographic studies 
[14]. By the decomposition analysis, we could obtain 
the net contribution of the three population-level fac-
tors to the changes in prevalence and mortality. Here, 
we reported (1) the absolute changes due to the three 
population-level factors and (2) the contribution pro-
portion of these factors. The proportion was positive 
when the change driven by the factor was positive; 
otherwise, the proportion was negative. Please see 

the supplementary method for more details of the 
calculation.

Risk factor analysis

Data of risk factors for dementia were also obtained 
from GBD 2019. Three modifiable risk factors, 
including smoking, high fasting plasma glucose, and 
high BMI, were analyzed in our study. First, the rela-
tive risk data of these risk factors were calculated 
by DisMod-MR 2.1 based on previously published 
papers through a systematic review by GBD group. 
Then, the population-attributable fractions (PAF) by 
agesexlocationyear were calculated [10, 15, 16]. We 
presented the PAF and the attributable number of US 
dementia: the PAF refers to the proportion of demen-
tia that would be reduced if the risk factor’s historical 
exposure level had been reduced to the counterfactual 
level of the theoretical minimum risk exposure level 
[15, 17]; the attributable number refers to the absolute 
number of dementia cases attributable to the risk fac-
tor [18].

Predictions based on BAPC model

We used the Bayesian age-period-cohort (BAPC) 
model [19] to predict the values of dementia preva-
lence and mortality from 2020 to 2030. For the pre-
diction method selection, we chose the BAPC model 
due to its better predictive performance [20]. The 
BAPC model is based on the assumption that the past 
effects of age, period, and cohort would continue into 
the future 10 years and applies a second-order ran-
dom walk to smooth the priors for age, period, and 
cohort effects and predict posterior rates. In detail, 
the age effect represents the net impact of aging after 
adjusting for period and cohort effects; period effect 
represents the impact of external factors that equally 
affect all individuals at a particular calendar time, 
such as public health events and socioeconomic fac-
tors; cohort effect represents the impact of unique 
external factors among individuals born in differ-
ent time periods or birth cohorts, such as historical, 
social, and environmental factors. The BAPC model 
utilizes an integrated nested Laplacian approxima-
tion to estimate marginal posterior distributions, 
which helps to circumvent the mixing and conver-
gence issues commonly associated with the Markov 
Chain Monte Carlo sampling method typically used 
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in Bayesian methodologies [19]. The BAPC package 
and INLA package in the R program were used for 
the prediction.

Statistical analysis

To quantify the temporal trends of number of preva-
lence and mortality, we calculated the percentage of 
relative changes between 1990 and 2019 according to 
the following formula [21]:

Relative changes = (value in 2019–value in 1990)/
value in 1990 × 100%.

To quantify the temporal trend of rates of preva-
lence and mortality, we conducted joinpoint regres-
sion analysis [22] to calculate the average annual 
percentage change (AAPC) and the corresponding 
95% confidence intervals (CIs) and the Monte Carlo 
methods were used for the significance tests. When 
the AAPC and the lower boundary of the 95% CI 
are > 0, the rate is in an upward trend; if the AAPC 
and the upper boundary of the 95% CI are < 0, the 
rate is in a downward trend; any other scenarios indi-
cate that the rate remains stable over time. The Join-
point software (National Cancer Institute, Rockville, 
MD, USA) was used to conduct joinpoint regression 
analysis. All analyses other than joinpoint regression 
analysis were performed with R (version 4.3.0) and a 
2-tailed P value less than 0.05 was considered statisti-
cally significant.

Results

Trends in prevalence and mortality

Overall, the absolute number of prevalent cases 
increased by about 1.37 million (86.74%) between 
1990 and 2019 among US adults aged ≥ 80 years, 
from 1.58 (1.24 ~ 1.98) million to 2.95 (2.51 ~ 3.41) 
million (Table  1). Higher overall increase was seen 
in males (126.27%) than that in females (72.07%); 
the male-to-female ratios in prevalent cases from 
1990 to 2019 were < 1.0, ranging from 0.2 to 0.7, but 
increased gradually (the sex difference narrowed) 
(Table 1 and Supplementary Fig. 1). For the four age 
groups, the older age group showed higher levels of 
increase, and the highest one was in the 95 + years 
group (186.27%), with similar patterns in males 
and females, although the cases in this age group 

were less than other groups (Table  1 and Fig.  1). 
Regarding prevalence rate, the age-standardized 
rate for US adults aged ≥ 80 years showed a slight 
decrease, with a mean decrease of -0.10% per year, 
from 22251.36 (17435.38 ~ 27849.03) per 100,000 
to 21530.04 (18321.27 ~ 24964.11) per 100,000; 
the significant decline was seen in males but not in 
females (Table 1). The male-to-female ratios in preva-
lence rates from 1990 to 2019 ranged from 0.8 to 
0.9, remaining relatively stable in the recent 20 years 
(Supplementary Fig. 1). For the four age groups, the 
highest decline for males and females was both in 
90–94 years group (− 0.33% and − 0.21%) (Table  1 
and Fig. 1).

The number of mortality cases increased by 
64.18 thousand (106.74%) between 1990 and 2019 
among US adults aged ≥ 80 years, from 60.13 
(14.91 ~ 158.44) thousand to 124.31 (31.57 ~ 317.76) 
thousand. Males experienced a higher increase 
(147.37%) than females (93.09%) (Table  1). The 
male-to-female ratios in mortality cases in the past 
30 years were < 1.0, ranging from 0.20 to 0.65, but 
increased gradually (the sex difference narrowed) 
(Table  1 and Supplementary Fig.  2). In terms of 
specific age groups, the increase was greater in the 
older age groups, and the 95 + years group showed 
the highest increasing level (195.05%), with a similar 
phenomenon in both sexes (Table 1 and Fig. 1). For 
the mortality rate, the age-standardized rate stayed 
stable during the past 30 years in both sexes. The 
ratios of male-to-female mortality rates from 1990 to 
2019 ranged from 0.70 to 0.85, which remained rel-
atively stable for the past 20 years in the 80–94 age 
group, but showed a declining trend in the 95 + age 
group (the sex difference widened) (Supplemen-
tary Fig.  2). With regard to specific age groups, for 
males, a significant decline in mortality rate was seen 
in 95 + years (− 0.18, − 0.29 to − 0.07); for females, 
however, the statistically significant increasing trends 
were seen in 90–94 years (0.09, 0.01 to 0.16) and 
95 + years (0.12, 0.08 to 0.17) (Table 1 and Fig. 1).

Decomposition analysis on changes in prevalence and 
mortality

There are three population-level factors, including 
aging of population, population growth, and epidemi-
ological change, commonly used in epidemiological 
studies and demographic studies [23]. The population 
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Table 1   Trends of prevalence and mortality among US oldest-old adults with dementia from 1990 to 2019

Number of cases Age-specific/age-standardized rates

1990 (thousand) (95% 
UI)

2019 (thousand) (95% 
UI)

Changes 
(thousand) 
(%)

1990 (per 100,000) (95% 
UI)

2019 (per 100,000) (95% 
UI)

AAPCs (%)

Prevalence
  Both sexes
    80–84 years 579.89 

(450.12 ~ 740.23)
892.03 

(756.58 ~ 1041.56)
312.14 

(53.83)
14,738.59 

(11,440.29 ~ 18,813.84)
14,652.07 

(12,427.13 ~ 17,108.11)
 − 0.01 

(− 0.07 to 
0.04)

    85–89 years 512.71 (396.4 ~ 642.51) 895.84 
(762.5 ~ 1042.59)

383.13 
(74.73)

24,254.05 
(18,751.94 ~ 30,394.53)

23,463.73 
(19,971.37 ~ 27,307.35)

 − 0.11 
(− 0.15 
to − 0.08)

    90–94 years 325.71 
(259.25 ~ 403.91)

700.98 
(600.69 ~ 806.38)

375.27 
(115.22)

38,103.29 
(30,328.94 ~ 47,252.03)

34,931.31 
(29,933.69 ~ 40,183.5)

 − 0.3 (− 0.35 
to − 0.24)

    95 + years 160.4 (130.72 ~ 190.37) 459.19 (389.8 ~ 521.73) 298.79 
(186.27)

58,658.15 
(47,804.22 ~ 69,615.76)

57,476.12 
(48,790.79 ~ 65,304.52)

 − 0.06 (− 0.1 
to − 0.03)

    All ages/age-
standardized

1578.71 
(1236.49 ~ 1977.02)

2948.04 
(2509.57 ~ 3412.26)

1369.33 
(86.74)

22,251.36 
(17,435.38 ~ 27,849.03)

21,530.04 
(18,321.27 ~ 24,964.11)

 − 0.10 
(− 0.17 
to − 0.04)

  Male
    80–84 years 181.77 

(140.41 ~ 232.47)
346.06 

(288.68 ~ 405.06)
164.3 

(90.39)
13,258.37 

(10,241.91 ~ 16,956.59)
13,397.94 

(11,176.52 ~ 15,682.19)
0.05 (− 0.02 

to 0.11)
    85–89 years 135.41 

(103.85 ~ 169.81)
305.38 

(256.07 ~ 356.75)
169.97 

(125.53)
21,382.28 

(16,398.2 ~ 26,813.93)
20,834.67 

(17,470 ~ 24,339.09)
 − 0.08 

(− 0.14 
to − 0.02)

    90–94 years 74.54 (58.34 ~ 93.32) 201.61 
(169.63 ~ 233.92)

127.07 
(170.47)

33,403.01 
(26,141.68 ~ 41,819.7)

30,172.63 
(25,385.59 ~ 35,008.01)

 − 0.33 
(− 0.36 
to − 0.29)

    95 + years 35.51 (28.5 ~ 42.81) 113.64 (95.47 ~ 130.7) 78.13 
(220.03)

52,482.97 
(42,114.65 ~ 63,276.09)

49,888.8 
(41,910.92 ~ 57,375.72)

 − 0.18 (− 0.2 
to − 0.16)

    All ages/age-
standardized

427.23 
(331.09 ~ 538.41)

966.7 
(809.85 ~ 1126.44)

539.48 
(126.27)

19,767.42 
(15,340.51 ~ 24,854.1)

19,175.06 
(16,061.14 ~ 22,350.3)

 − 0.1 (− 0.15 
to − 0.05)

  Female
    80–84 years 398.12 

(309.82 ~ 508.39)
545.97 

(467.49 ~ 635.02)
147.85 

(37.14)
15,530.2 

(12,085.55 ~ 19,831.62)
15,576.24 

(13,337.21 ~ 18,116.96)
0.02 (− 0.03 

to 0.06)
    85–89 years 377.3 (291.69 ~ 471.87) 590.46 

(507.61 ~ 684.26)
213.16 

(56.5)
25,482.33 

(19,700.36 ~ 31,869.49)
25,101.98 

(21,579.89 ~ 29,089.7)
 − 0.05 

(− 0.08 
to − 0.02)

    90–94 years 251.17 
(200.95 ~ 310.33)

499.37 
(429.76 ~ 574.43)

248.2 
(98.82)

39,763.87 
(31,813.46 ~ 49,129.41)

37,306.82 
(32,106.81 ~ 42,914.4)

 − 0.21 
(− 0.28 
to − 0.15)

    95 + years 124.89 
(102.35 ~ 147.56)

345.55 (294.1 ~ 391.68) 220.65 
(176.68)

60,688.48 
(49,732.49 ~ 71,704.85)

60,502.35 
(51,495.26 ~ 68,580.23)

0 (− 0.04 to 
0.03)

    All ages/age-
standardized

1151.48 
(904.8 ~ 1438.15)

1981.34 
(1698.96 ~ 2285.39)

829.86 
(72.07)

23,330.91 
(18,326.92 ~ 29,152.86)

22,931.93 
(19,668.61 ~ 26,508.49)

 − 0.05 
(− 0.11 to 
0.01)

Mortality
  Both sexes
    80–84 years 14.71 (3.55 ~ 40.89) 22.13 (5.39 ~ 60.4) 7.42 (50.4) 373.93 (90.12 ~ 1039.4) 363.46 (88.61 ~ 992.16)  − 0.10 (− 0.2 

to 0)
    85–89 years 19.05 (4.68 ~ 50.39) 34.02 (8.71 ~ 85.64) 14.96 

(78.54)
901.34 (221.46 ~ 2383.76) 891 (228.25 ~ 2242.99)  − 0.04 

(− 0.12 to 
0.04)

    90–94 years 16.37 (4.19 ~ 41.65) 38.68 (10.29 ~ 96.99) 22.31 
(136.31)

1914.96 
(490.11 ~ 4871.99)

1927.6 (512.87 ~ 4833.13) 0.03 (− 0.06 
to 0.11)

    95 + years 9.99 (2.49 ~ 25.51) 29.48 (7.17 ~ 74.73) 19.49 
(195.05)

3654.1 (910.12 ~ 9327.25) 3690.23 
(897.69 ~ 9354.25)

0.03 (− 0.03 
to 0.09)
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aging (i.e., changes in age structure) and population 
growth are two aspect of population and they should 
be separated to provide accurate estimation of the net 
effect of them [23]. Accordingly, conducting decom-
position analysis is necessary to determine net con-
tribution of the population-level factors. The decom-
position analysis on changes in dementia prevalence 
identified that population growth was a major driver 
for the rise in prevalence cases during the past 30 
years, and a higher contribution in males was seen 
(93.88% vs. 85.42%). Namely, 93.88% (about 0.51 
million) of men and 85.42% (about 0.71 million) of 
women of the total changes in prevalent cases were 
due to population growth. The aging of population 
was the second positive factor and females (18.22%) 
showed a higher contribution proportion than males 

(9.9%). Additionally, the contribution of prevalence 
rate change (i.e., epidemiological change) was nega-
tive with contribution of − 3.78% (about − 0.02 mil-
lion) in men and − 3.65% (about − 0.03 million) in 
women (Fig. 2 and Supplementary Table 1).

For mortality, according to the decomposition anal-
ysis, the population growth was also the major posi-
tive driver for the increase in mortality numbers and 
a higher contribution in males than females (84.17% 
vs. 70.19%). Namely, 84.17% (about 0.02 million) of 
men and 70.19% (about 0.03 million) of women of 
the total changes in mortality numbers were due to 
population growth. Another important positive driver 
is aging and a higher contribution proportion of aging 
was observed in females (27.6% vs. 16.41%). Regard-
ing mortality rate change (i.e., epidemiological 

Table 1   (continued)

Number of cases Age-specific/age-standardized rates

1990 (thousand) (95% 
UI)

2019 (thousand) (95% 
UI)

Changes 
(thousand) 
(%)

1990 (per 100,000) (95% 
UI)

2019 (per 100,000) (95% 
UI)

AAPCs (%)

    All ages/age-
standardized

60.13 (14.91 ~ 158.44) 124.31 (31.57 ~ 317.76) 64.18 
(106.74)

855.26 (212.11 ~ 2251.54) 849.58 (215.62 ~ 2180.49)  − 0.02 
(− 0.08 to 
0.05)

  Male
    80–84 years 4.54 (1.05 ~ 13.06) 8.47 (2 ~ 23.86) 3.93 (86.46) 331.49 (76.24 ~ 952.76) 328.07 (77.46 ~ 923.81)  − 0.04 

(− 0.11 to 
0.02)

    85–89 years 4.96 (1.18 ~ 13.67) 11.59 (2.87 ~ 30.79) 6.63 
(133.66)

783.05 (186.14 ~ 2159.11) 790.52 (195.95 ~ 2100.92) 0.03 (− 0.05 
to 0.11)

    90–94 years 3.61 (0.87 ~ 9.45) 10.88 (2.74 ~ 28.22) 7.28 
(201.75)

1616.12 
(388.86 ~ 4233.46)

1628.66 (410.5 ~ 4223.62) 0.02 (− 0.05 
to 0.09)

    95 + years 2.01 (0.48 ~ 5.4) 6.47 (1.52 ~ 17.77) 4.46 
(221.15)

2977.57 
(702.98 ~ 7986.18)

2840.37 
(665.98 ~ 7799.26)

 − 0.18 
(− 0.29 
to − 0.07)

    All ages/age-
standardized

15.12 (3.57 ~ 41.59) 37.41 (9.13 ~ 100.64) 22.29 
(147.37)

732.67 (173.17 ~ 2004.43) 728.99 (177.9 ~ 1962.65)  − 0.03 (− 0.1 
to 0.04)

  Female
    80–84 years 10.17 (2.48 ~ 27.83) 13.65 (3.36 ~ 36.53) 3.49 (34.29) 396.63 (96.59 ~ 1085.73) 389.54 (95.99 ~ 1042.29)  − 0.05 

(− 0.21 to 
0.1)

    85–89 years 14.09 (3.49 ~ 36.78) 22.43 (5.83 ~ 55.27) 8.34 (59.15) 951.93 (235.53 ~ 2484.25) 953.61 (247.74 ~ 2349.76) 0.00 (− 0.09 
to 0.09)

    90–94 years 12.76 (3.32 ~ 32.09) 27.8 (7.58 ~ 68.75) 15.04 
(117.82)

2020.54 (525.8 ~ 5080.97) 2076.84 
(565.96 ~ 5136.14)

0.09 (0.01 to 
0.16)

    95 + years 7.98 (2.01 ~ 20.11) 23.01 (5.68 ~ 57.78) 15.03 
(188.46)

3876.53 (978.23 ~ 9770) 4029.21 
(995.34 ~ 10,116.77)

0.12 (0.08 to 
0.17)

    All ages/age-
standardized

45 (11.3 ~ 116.82) 86.9 (22.45 ~ 218.33) 41.89 
(93.09)

904.66 (226.97 ~ 2350.29) 914.53 (235.94 ~ 2307.82) 0.04 (− 0.02 
to 0.11)

AAPC average annual percentage change; UI uncertainty intervals. For number of cases, the percentage of relative changes (%) 
between 1990 and 2019 was calculated to quantify the temporal trends; the absolute changes of number of cases (thousand) were also 
presented. For the age-specific rates and age-standardized rates, the average annual percentage changes (AAPCs, %) were calculated 
to quantify the temporal trends
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C. Mortality numbers
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Fig. 1   Trends of prevalence and mortality among US oldest-
old adults with dementia in the four age groups from 1990 to 
2019. A Trend of absolute number of prevalent cases. B Trend 

of prevalence rates (per 100,000). C Trend of mortality num-
bers. D Trend of mortality rates (per 100,000)
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change), the positive contribution was seen in females 
(2.21%, about 0.9 thousand), while a negative contri-
bution was seen in males (− 0.58%, about − 0.1 thou-
sand) (Fig. 2 and Supplementary Table 2).

Trends and pattern transitions of risk factor

The PAFs of dementia mortality due to risk factors 
were shown in Fig. 3A and Supplementary Fig. 3. For 
age group of 80–84 years, smoking was a major risk 
factor with the highest PAF and an overall decreas-
ing trend; while the PAFs of high BMI increased. 
On the contrary, in the 95 + years group, high BMI 

was an important risk factor with the highest PAF 
and an overall increasing trend, indicating a pattern 
transition of risk factors among age groups. Notably, 
for smoking and high fasting plasma glucose, higher 
PAFs were seen in males; however, females showed 
higher PAFs of high BMI.

The attributable numbers of dementia mortality 
due to risk factors were displayed in Fig. 3B and Sup-
plementary Fig. 4. Higher attributable numbers due to 
smoking were seen in age groups of 80–84 years and 
85–89 years, while higher attributable numbers due to 
high BMI were seen in the groups of 90–94 years and 
95 + years, indicating a pattern transition of risk factors 

Male

Female

0 500 1000
Absolute changes (thousand)

A. Prevalence (absolute changes)

Male

Female

0 25 50 75 100
Contribution proportions (%)

B. Prevalence (contribution proportions)

Male

Female

0 25 50
Absolute changes (thousand)

C. Mortality (absolute changes)

Male

Female

0 25 50 75 100
Contribution proportions (%)

D. Mortality (contribution proportions)

Aging Epidemiological change Population growth

Fig. 2   Decomposition analyses on changes in dementia prev-
alence and mortality and contributions of population-level 
determinants among US oldest-old adults. A Absolute changes 
of prevalence attributed to the three factors. B Contribution 
proportions in changes of prevalence attributed to the three 

factors. C Absolute changes of mortality attributed to the three 
factors. D Contribution proportions in changes of mortality 
attributed to the three factors. The black dot in A and C repre-
sented the combined effect of all three factor, including aging, 
population growth, and epidemiological change
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Fig. 3   PAFs and attributable numbers of dementia mortal-
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in the four age groups from 1990 to 2019. A PAFs of demen-

tia mortality due to risk factors. B Attributable numbers of 
dementia mortality due to risk factors. PAF = population-attrib-
utable fractions
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among age groups. Other than the 80–84 years and 
85–89 years groups for smoking, increasing trends in 
attributable numbers of dementia mortality were seen, 
with the highest increase in attributable numbers due to 
high BMI among women. More importantly, compared 
with males, females showed higher levels of attribut-
able numbers of dementia mortality due to these risk 
factors in all age groups, especially for attributable 
numbers due to high BMI. The male-to-female ratios 
in attributable number of dementia mortality were < 1.0 
and presented in Supplementary Fig.  5, the lowest 
male-to-female ratios (the largest sex difference) were 
seen in 95 + year group of high BMI, ranging from 0.17 
to 0.24.

Predictions of prevalence and mortality

By 2030, there will be around 4 million dementia cases 
in total among those aged 80 and above based on the 
BAPC model, as indicated in Fig. 4A and Supplemen-
tary Table 3. In groups of 80–84 years and 85–89 years, 
the absolute number of prevalent cases will show an 
increasing trend for both sexes and were predicted to be 
about 1.5 million and 1.25 million by 2030. The preva-
lent cases number was predicted to stay relatively stable 
in the upcoming 10 years in groups of 90–94 years and 
95 + years. In terms of prevalence rate, it was predicted 
to show relatively stable trends in both sexes (Fig. 4B 
and Supplementary Table 4).

We estimated that there will be around 160 thou-
sand deaths due to dementia among US adults aged 
80 or older according to the BAPC prediction analy-
ses. Similarly, we found an increasing trend of mor-
tality numbers for both sexes in the groups of 80–84 
years and 85–89 years; the number of mortality num-
bers was predicted to be about 37 thousand and 48 
thousand by 2030 in the two groups. Regarding the 
groups of 90–94 years and 95 + years, the mortality 
numbers were predicted to remain relatively stable in 
the upcoming 10 years (Fig.  4C and Supplementary 
Table 5). For mortality rate, it was also predicted to 
show relatively stable trends in both sexes (Fig.  4D 
and Supplementary Table 6).

Discussion

Utilizing data from the GBD study 2019, our com-
prehensive analysis from 1990 to 2019 revealed that 

while the absolute numbers of dementia prevalence 
and mortality have increased, the rates of both have 
remained relatively stable. This trend underscores the 
significant influence of population growth and aging 
on the rising dementia cases, highlighting the critical 
need for targeted public health interventions. Nota-
bly, our study observed a shift in risk factors across 
age groups, with smoking decreasing as a major risk 
factor in individuals aged 80–84 years, and high BMI 
emerging as a significant risk factor, especially in 
those over 90  years, showcasing an overall increas-
ing trend. These findings indicate the evolving nature 
of dementia risk factors and underscore the obesity 
epidemic’s role in shaping future public health strate-
gies. Our projections for the next decade suggest an 
increase in both prevalence and mortality numbers 
among individuals aged 80–89  years, with stable 
rates expected to continue. This projection, alongside 
the observed higher burden of dementia in females 
compared to males, calls for sex-targeted strategies 
to mitigate the disease’s impact. Females exhibited 
higher levels of prevalence and mortality, more pro-
nounced epidemiological changes, and higher attrib-
utable numbers to all risk factors, particularly high 
BMI.

By focusing on the oldest-old population, defined 
as those aged 80 or older [5], our study sheds light 
on the significant long-term increase in dementia’s 
absolute numbers, a slight decrease in age-standard-
ized prevalence rates, and a relatively stable trend 
in age-standardized mortality rates. These findings 
align with other studies [4, 24, 25] but also highlight 
the need for continued attention to age and sex dif-
ferences in dementia burden and the effectiveness 
of intervention strategies. In terms of mortality rate, 
a report based on data from the US National Center 
for Health Statistics found an increasing trend from 
2000 to 2017 among the general population [26]. 
Notably, the estimated prevalence of dementia could 
be influenced by the choice of diagnostic criteria, and 
the recent editions of diagnostic criteria tend to yield 
a higher prevalence compared to older editions [27]. 
Given the marked increase in dementia prevalence 
and mortality predicted for 2030, potential limita-
tions in the current healthcare infrastructure to meet 
the demands of this population should be noted. 
With a rise in the number of patients, the number of 
dementia specialists to evaluate and diagnose patients 
may become limited. In addition, the healthcare 
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Fig. 4   Predicted prevalence and mortality of US oldest-old 
adults with dementia in the four age groups from 2020 to 2030. 
A Predicted absolute number of prevalent cases. B Predicted 

prevalence rate (per 100,000). C Predicted mortality numbers. 
D Predicted mortality rate (per 100,000)
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system may not have sufficient capacity to handle the 
increased number of dementia cases, which could 
result in prolonged waiting times for patients. Fur-
thermore, the dementia care workforce may not be 
large enough or equipped with the necessary skills to 
meet the growing demand [28, 29].

The decomposition analysis underscores that pop-
ulation growth and the aging demographic are pivotal 
factors driving the increase in dementia prevalence 
and mortality in the US. Over the next few decades, 
the segment of the US population aged 90 years and 
older is anticipated to expand significantly, with pro-
jections suggesting a rise to over 8.7 million by 2050, 
according to the US Census Bureau [30]. Particularly 
noteworthy is the aging of the baby boom generation, 
defined as individuals born between 1946 and 1964, 
whose numbers exceed 65 million [31]. As the van-
guard of this generation approaches the age of 80, 
they represent a demographic shift that will pose sub-
stantial challenges for public health systems, primar-
ily due to their substantial size and the elevated risk 
of dementia associated with advanced age [30]. Our 
projections, informed by the BAPC model, indicate a 
gradual increase in dementia case numbers and mor-
tality rates within the age groups of 80–84 and 85–89 
years by 2030. This trend aligns with findings from 
national studies [32], reinforcing the imperative for 
ongoing and enhanced public health interventions 
over the forthcoming decades to address the antici-
pated rise in dementia cases. These measures are cru-
cial for mitigating the impact of dementia on this rap-
idly growing segment of the population, ensuring that 
public health infrastructure can accommodate the ris-
ing demand for dementia care and support services. 
This includes enhancing geriatric care training for 
healthcare professionals, expanding long-term care 
services, and increasing dementia care support for 
families and caregivers. Research into innovative care 
models and technologies that support aging in place 
can also play a pivotal role in addressing the needs of 
this growing demographic.

Our analysis meticulously examines the modifi-
able risk factors that drive dementia morbidity among 
the oldest-old adults in the US, identifying high BMI 
as a predominant factor across various age groups. 
The obesity epidemic represents a substantial public 
health crisis within the US, bearing profound impli-
cations, especially for the elderly demographic. In 
this population, the widespread prevalence of obesity 

introduces distinct challenges and amplifies existing 
vulnerabilities. In 2019, 31.4% of the US popula-
tion was obese [33], while the prevalence of obesity 
over the age of 65 was estimated somewhat higher at 
35% [34]. The occurrence of obesity is most likely 
to increase in this age group, as statistical data show 
a continuously increasing trend of obesity between 
2013 and 2021 in those ages 65 and above [35]. Inter-
estingly, the prevalence of obesity starts decreasing 
above 70 years of age [36]. This observed tendency, 
however, may be due to healthy survival bias, mean-
ing that the decrease in prevalence in more advanced 
ages is more strongly connected to the higher mortal-
ity rates and shorter survival of patients with obesity. 
This also points in the direction that this demographic 
is increasingly bearing the brunt of obesity’s adverse 
health effects, which include a heightened risk of 
chronic diseases and death. For older adults, obesity 
not only diminishes quality of life but also compli-
cates the management of existing health conditions, 
increases dependency, and places a significant strain 
on healthcare resources. The causes of obesity in this 
age group are multifaceted, involving a combination 
of sedentary lifestyles, metabolic changes associated 
with aging, and socio-economic factors that limit 
access to healthy food choices and physical activity.

As obesity rates continue to climb, the repercus-
sions for older adults are especially concerning, 
given the strong link between obesity, cardiovascular 
and cerebrovascular diseases, diabetes, and demen-
tia. A meta-analysis highlighted the elevated relative 
risks for dementia in individuals with obese BMI in 
midlife compared to those with a normal BMI, peg-
ging it at 1.64 (95% CI: 1.34–2.00) [37]. As for the 
effect of late life obesity, the results are often mixed 
with certain studies finding that obesity in late life 
may not necessarily be a risk factor for dementia 
[38]. This is also seen in a Whitehall II study that 
found that the BMI of patients with dementia peaks 
in midlife but begins to decrease in late life, shortly 
before the diagnosis of dementia [39]. This indicates 
that future trends of dementia may be more strongly 
influenced by the proportion of adults who have obe-
sity in midlife than in late life. This is still aggravat-
ing, as approximately 40–45% of individuals older 
than 80 years of age are either currently or formerly 
obese [36]. Since obesity is linked to several comor-
bidities, such as diabetes [40] or hypertension [41] 
that increase the risk of dementia independently from 
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bodyweight, it is still of utmost importance to tackle 
the obesity epidemic not only in midlife but also in 
later stages of life.

Obesity increases the risk of developing demen-
tia through several potential mechanisms. For the 
old population specifically, visceral fat plays a key 
role in the development of dementia. Visceral fat 
produces multiple cytokines that promote inflamma-
tion, thereby increasing the risk of cognitive impair-
ment and dementia by promoting oxidative stress and 
endothelial dysfunction, disrupting the function and 
integrity of the blood brain barrier and by negatively 
impacting cellular energy metabolism [38]. Another 
possible mechanism explaining how obesity leads 
to dementia may be connected to its altering effect 
related to the production of certain adipokines, such 
as leptin and resistin, which may negatively impact 
microcirculation and promote insulin resistance [38]. 
Insulin resistance, especially in the hippocampus has 
been shown to negatively impact spatial learning 
and neuroplasticity [38]. Moreover, insulin resist-
ance also elevates the risk of developing diabetes, 
which is associated with increased risk of dementia 
[42–45]. Other factors explaining the relationship of 
obesity and dementia may reside in cellular senes-
cence responsible for the accelerated vascular ageing 
observed in obesity and in the increased permeability 
of the gut-brain axis leading to neuronal damage [38].

The obesity epidemic places a substantial burden 
on healthcare systems, increasing the demand for 
long-term care services and specialized dementia 
care. Addressing obesity, therefore, is not merely a 
matter of improving individual health outcomes but 
is crucial for mitigating the broader impact on public 
health infrastructure, particularly in light of the aging 
population. Effective strategies to combat obesity 
could lead to a substantial decrease in the incidence 
of dementia and other obesity-related conditions, ulti-
mately enhancing quality of life and reducing health-
care costs of elderly. The obesity epidemic’s effect 
underscores the urgent need for comprehensive public 
health initiatives aimed at promoting healthier life-
styles and interventions targeted specifically at weight 
management within this vulnerable demographic. 
Public health strategies should prioritize nutritional 
education, physical activity promotion, and access 
to weight management programs. Notably, weight 
loss is linked to marked improvements in cognitive 
functions, such as attention and memory, further 

emphasizing the importance of addressing obesity as 
part of a broader strategy to combat dementia [46]. 
Moreover, healthcare systems should integrate rou-
tine obesity and dementia risk screenings for the 
elderly. Research aimed at exploring the effectiveness 
of these interventions and their impact on dementia 
incidence among older adults with high BMI could 
further inform policy and practice.

This approach is in harmony with the consensus 
on tackling modifiable dementia risk factors, which, 
beyond obesity, include smoking, diabetes, and 
hypertension [47–49]. Cohort studies highlight the 
substantial risks posed by these factors: for example, 
persistent or heavy smoking in midlife significantly 
escalates the risk of developing dementia, with haz-
ard ratios (HRs) between 2.14 and 2.28 [50, 51]. 
Additionally, elevated glucose levels [52] and diabe-
tes [40] have been associated with an increased risk 
of dementia, emphasizing the need for targeted inter-
ventions to mitigate these risks. For instance, former 
smokers show a significantly lower risk of dementia 
compared to those who continue smoking (HR: 0.68; 
95% CI: 0.48–0.96) [53]. Moreover, the application 
of metformin, typically used for diabetes manage-
ment, has shown potential in reducing dementia risk, 
although results vary [54, 55]. These insights support 
the potential of multidomain lifestyle interventions 
in mitigating dementia risk, underscoring the impor-
tance of age-specific strategies tailored to address 
distinct risk factors effectively, thereby reducing the 
overall burden of dementia among the oldest-old pop-
ulation in the US [56, 57].

Our analysis revealed a significantly higher 
dementia burden among US oldest-old women com-
pared to men, demonstrated by elevated prevalence, 
mortality rates, and higher attributable numbers 
across all risk factors. This sex disparity aligns with 
findings from a national epidemiological study [58] 
and a recent meta-analysis [59], which also reported 
higher dementia prevalence among elderly females. 
Interestingly, our trend analysis indicates a narrow-
ing sex gap in both prevalence and mortality over 
time, echoing observations from other national stud-
ies [24, 60]. Building on the identified sex disparities 
in dementia burden among the US oldest-old popula-
tion, several mechanisms may underlie the differential 
effects of sex on AD and VCID. These mechanisms 
are complex and multifactorial, involving biologi-
cal, genetic, and possibly lifestyle factors. Firstly, 
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biological differences, such as hormonal variations, 
particularly estrogen levels, are hypothesized to play 
a significant role [61–64]. Estrogen has been shown 
to have neuroprotective effects, and the decline in 
estrogen levels post-menopause may increase vulner-
ability to neurodegeneration among women [61–64]. 
Research suggests that estrogen promotes brain health 
by improving neural plasticity, increasing antioxidant 
activity, and reducing the accumulation of amyloid-
beta plaques, a hallmark of AD pathology [61–64]. 
Secondly, genetic factors may contribute to sex dis-
parities in dementia. The presence of the ApoE4 
allele, the most significant genetic risk factor for 
sporadic AD, has been associated with a higher risk 
of AD in women than in men [63]. This difference 
may be related to interactions between ApoE4 and 
sex hormones or other sex-specific genetic and envi-
ronmental factors. Thirdly, cerebral vascular health, 
which is crucial in VCID, shows sex differences in 
its impact on cognitive decline [65]. Women are 
generally protected against vascular diseases earlier 
in life, potentially due to estrogen’s vasoprotective 
effects [65, 66]. Importantly, estrogen confers both 
anti-atherogenic effects and promotes microvascu-
lar health [67]. However, as women age, the risk of 
vascular diseases and consequently VCID increases, 
possibly surpassing that of men in the oldest-old age 
group. This shift could be attributed to the loss of 
estrogen’s protective effects and a lifetime exposure 
to other risk factors such as hypertension, which has 
a different impact on men and women [65–67]. Fur-
thermore, lifestyle factors and social determinants of 
health, which often differ between sexes, might influ-
ence the progression and manifestation of dementia. 
Women may experience higher lifetime stress levels, 
less access to education in early life (particularly in 
older cohorts), and different patterns of employ-
ment and caregiving roles, which can affect cognitive 
reserve and vulnerability to dementia. Lastly, sex dif-
ferences in brain structure and function, such as vari-
ations in brain volume, connectivity, and response to 
neurodegenerative processes, may influence the sus-
ceptibility and progression of AD and VCID. Women 
might have a higher cognitive reserve due to denser 
connectivity in certain brain regions, which could 
delay the onset of dementia symptoms. However, 
once the disease process begins, the decline could be 
more rapid compared to men. Importantly, our study 
observed that females exhibited higher PAFs due to 

high BMI, consistent across all age groups from 1990 
to 2019. Supporting our findings, in terms of biologi-
cal factors, Malpetti et al. unraveled that females with 
high BMI can withstand a lower degree of brain dys-
function and show greater vulnerability of brain net-
works, reflecting a sex effect of high BMI in AD [68]. 
In addition, socioeconomic and lifestyle factors asso-
ciated with high BMI, such as lower socioeconomic 
status, unhealthy diet, and physical inactivity, may 
disproportionately affect females and contribute to 
their higher risk of dementia [69]. This finding sug-
gests a sex-specific vulnerability to high BMI, corrob-
orated by research indicating that women with high 
BMI may experience greater cognitive decline, point-
ing towards the necessity of sex-specific approaches 
in public health interventions among this oldest-old 
population. First, education programs for females may 
raise awareness about the importance of lifestyle fac-
tors in dementia prevention, such as regular physical 
activity, healthy diet, weight management. Second, 
with higher attributable numbers due to risk factors 
among females, ensuring access to female-cantered 
healthcare services that address the sex-specific risk 
factors (i.e., high BMI) may improve engagement and 
effectiveness of preventive strategies. Additionally, in 
terms of care, in order to provide proper care for older 
females with high BMI, it is necessary to implement 
training programs that focus on daily care.

Our study showcases several notable strengths 
that contribute significantly to the dementia research 
field, particularly regarding the oldest-old adults in 
the US. By concentrating on four distinct age groups 
aged 80 years and above, we have provided a detailed 
analysis of the long-term temporal trends of demen-
tia, examining both the absolute numbers of cases 
and rates of prevalence and mortality by age and sex 
over the past three decades. Moreover, our predic-
tive analysis extends these insights into the next dec-
ade, offering a forward-looking perspective on the 
dementia burden. This comprehensive approach has 
yielded valuable data for the formulation of targeted 
strategies aimed at mitigating the impact of dementia 
across the US. Importantly, our findings underscore 
the necessity for age and sex-specific interventions 
that address high-risk populations and modifiable risk 
factors, thereby presenting a pathway to alleviate the 
overall burden of dementia. Despite its contributions, 
our study is not without limitations. A significant 
constraint is the reliance on the GBD 2019 dataset, 
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which lacks detailed information on the subtypes 
of dementia, limiting our ability to conduct more 
nuanced analyses. Furthermore, the dataset does 
not encompass data on certain risk factors known to 
influence dementia, such as air pollution and physi-
cal inactivity, precluding a comprehensive risk fac-
tor analysis that includes environmental and lifestyle 
considerations. Additionally, the estimations and 
predictions based on the GBD data, while derived 
from robust mathematical modeling, require further 
validation to confirm their accuracy [13]. In terms of 
the prediction based on the BAPC model, the poten-
tial impact of recent global health events, such as the 
COVID-19 pandemic, on future dementia prevalence 
and mortality introduces an element of uncertainty 
into our predictions [70]. Emerging evidence sug-
gests that COVID-19 may elevate the risk of devel-
oping dementia by accelerating the conversion from 
mild cognitive impairment to dementia [71–73]. 
Accordingly, the period effect in the BAPC model 
may change after the year of 2019, and the current 
predictions may be under-estimated. The intersection 
of COVID-19 with dementia emphasizes the need for 
ongoing surveillance and research into the pandem-
ic’s long-term effects on cognitive health.

This current study has reported risk factor analyses 
for dementia among the US oldest-old demographic 
including smoking, high fasting plasma glucose, and 
high BMI. However, additional modifiable risk fac-
tors for dementia, such as physical inactivity, diet, 
and social isolation, warrant further exploration to 
provide a broader perspective on intervention strate-
gies. Moreover, our study has specifically focused on 
the US, which is one of the high-income countries 
having increasing burden of dementia among oldest-
old adults. Future comparative analysis with other 
high-income countries is needed to offer insights into 
how the US’s healthcare policies and social determi-
nants of health impact dementia trends among the 
oldest-old.

In conclusion, our study leverages the GBD 2019 
data to highlight the dynamic and increasing burden 
of dementia among the oldest-old in the US, driven by 
population aging and the obesity epidemic. Our find-
ings reveal significant shifts in risk factors, notably the 
rise of high BMI as key contributor, alongside nota-
ble sex disparities in dementia burden. These insights 
emphasize the critical importance of implementing 
risk factor-targeted strategies to mitigate the impact 

of dementia. Moreover, the projection of growing 
dementia cases due to demographic changes calls for 
adaptable and responsive public health policies and 
research priorities aimed at reducing dementia burden 
and enhancing care for the aging population.
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