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Abstract
Background  Early-onset dementia (EOD, onset age < 65) and late-onset dementia (LOD, onset age ≥ 65) exhibit 
distinct features. Understanding the risk factors for dementia development and mortality in EOD and LOD respectively 
is crucial for personalized care. While risk factors are known for LOD development and mortality, their impact on EOD 
remains unclear. We aimed to investigate how hypertension, diabetes mellitus, hyperlipidemia, atrial fibrillation, and 
osteoporosis influence the development and mortality of EOD and LOD, respectively.

Methods  Using the Korean National Health Insurance Service (NHIS) database, we collected 546,709 dementia-free 
individuals and followed up for 11 years. In the two study groups, the Younger group (< 65 years old) and the Older 
group (≥ 65 years old), we applied Cox proportional hazard models to assess risk factors for development of EOD and 
LOD, respectively. Then, we assessed risk factors for mortality among EOD and LOD.

Results  Diabetes mellitus and osteoporosis increased the risk of EOD and LOD development. Hypertension increased 
the risk of EOD, while atrial fibrillation increased the risk of LOD. Conversely, hyperlipidemia exhibited a protective 
effect against LOD development. Additionally, diabetes mellitus increased mortality in EOD and LOD. Hypertension 
and atrial fibrillation increased mortality in LOD, while hyperlipidemia decreased mortality in EOD and LOD.

Conclusions  Risk factors influencing dementia development and mortality differed in EOD and LOD. Targeted public 
health interventions addressing age-related risk factors may reduce dementia incidence and mortality.
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Background
Dementia has emerged as a worldwide public health 
concern and socioeconomic burden due to its extensive 
impacts on patients, families, and society [1]. Under-
standing the risk factors contributing to dementia devel-
opment and mortality is crucial to prevent and manage 
the condition, which is currently the seventh leading 
cause of death worldwide [2, 3]. Previous studies have 
demonstrated that several modifiable risk factors for 
developing dementia include hypertension, diabetes mel-
litus, hyperlipidemia, atrial fibrillation, and osteoporosis 
[4–10]. These risk factors also have a detrimental effect 
on the progression of dementia and lead to an increased 
rate of decline and mortality.

Dementia has different clinical characteristics accord-
ing to the onset of age. Approximately 5% of dementia 
patients develop their symptoms before age 65 (early-
onset dementia, EOD) [10, 11]. While late-onset demen-
tia (LOD, dementia onset ≥ 65 years old) patients show 
memory impairment and slow decline, EOD patients 
show more non-memory symptoms (e.g., executive dys-
function, visuospatial dysfunction, and behavioral symp-
toms) and rapid decline [12–14]. Underlying etiologies 
and neuropathological findings of EOD and LOD tend 
to be different [15–19]. Risk factors for developing LOD 
include hypertension, diabetes, atrial fibrillation, APOE 
ε4 allele, and low education [20, 21]. However, only a few 
studies have investigated the risk factors for developing 
EOD [22]. Furthermore, risk factors for mortality among 
EOD and LOD are not well known.

A nationwide population-based cohort study offers 
distinct advantages over smaller-scale studies, including 
a larger sample size and its ability to reflect the charac-
teristics of the entire nation more accurately. While prior 
studies in several countries have explored the risk factors 
associated with dementia using nationwide population-
based cohorts [23–25], this is the first study to investigate 
how these risk factors impact dementia development and 
mortality according to age. Such identification of age-
related dementia risk factors can contribute to the devel-
opment of targeted nationwide health programs based on 
patient age, which have the potential to reduce treatment 
costs and lessen the burden on caregivers.

Therefore, we aimed to investigate the effect of a selec-
tion of known LOD risk factors (hypertension, diabetes 
mellitus, hyperlipidemia, atrial fibrillation, and osteo-
porosis) on the incidence and mortality of both EOD 
and LOD by utilizing the nationwide population-based 
cohort study of South Korea. Given the distinct clinical 

profiles of EOD and LOD, we hypothesized that the influ-
ence of these risk factors varies with the age of dementia 
onset.

Methods
Data source and study population
We used the Korean National Health Insurance Service 
(NHIS) database, which contains primary demographic 
and health insurance claim data from 2002. The NHIS is 
a single insurer under the universal health insurance ser-
vice in which all Korean citizens are enrolled. The NHIS 
database contains annual data on diagnoses and medi-
cations that allow us to track the incidence of dementia 
over time. De-identified NHIS data is available on request 
from a government agency for research purposes via the 
website (http://nhiss.nhis.or.kr).

This study was approved by the NHIS (NHIS-2021-
1-231) and the Institutional Review Board of Samsung 
Medical Center, Seoul, Korea (SMC IRB 2022-03-029). 
Informed consent was waived due to the retrospective 
nature of the study and the restricted use of anonymous 
data.

We selected 2009 as the baseline year to begin our 
11-year study window, and we considered annual data 
from 2002 to 2008 as the run-in window for determin-
ing dementia-free status. From the 2009 NHIS database, 
we extracted 20% of the Korean population through a 
systematic stratified random sampling method. This 
extraction value was determined based on processing 
limitations due to the volume of information present in 
each yearly entry. From the 20% extraction, we estab-
lished a dementia-free cohort (n = 554,563) with the fol-
lowing criteria: (1) individuals who were 40 years or older 
in 2009, and (2) individuals who had not been diagnosed 
with dementia or prescribed with dementia medication 
between 2002 and 2008. This 7-year run-in period was 
applied to ensure that individuals were stable and with-
out dementia at the baseline of the observation period 
(Fig.  1). Then, we excluded 60 individuals who died 
in 2009 and 363 individuals who were diagnosed with 
dementia within 30 days of enrollment in 2009. In addi-
tion, we excluded 7,431 individuals without demographic 
or socioeconomic data. A total of 546,709 individuals 
were included in the Korean dementia-free cohort at 
baseline in 2009 (Fig. 1).

We created two dementia-free groups: the Younger 
group (< 65 years old) and the Older group (≥ 65 years 
old) (Fig.  1). The Younger group consisted of 421,299 
individuals aged under 65 years in 2009. Individuals were 
monitored until they reached the age of 65 and those 
who developed dementia were classified as having EOD. 
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At the start of the study in 2009, 125,480 individuals 
belonged to the Older group. Individuals who originally 
belonged to the Younger group at the start of the study 
and remained dementia-free during the study period 
until they reached the age of 65 (n = 111,994) were then 
transferred from the Younger group to the Older group. 
In these cases, their data at age 65 were used as baseline 
demographics for the Older group analyses. The Older 
group consisted of 237,474 individuals, from which we 
identified those who developed LOD.

Outcome variables
Participants were observed for dementia incidence and 
mortality over 11 years from 2009 to 2019.

Definition of dementia
To identify individuals with dementia, we utilized a 
combination of diagnostic codes -International Statisti-
cal Classification of Diseases and Related Health Prob-
lems, 10th revision (ICD-10)- and prescription records. 
The age at which both diagnostic codes for Alzheimer’s 
dementia (e.g., F00.0, F00.1, F00.2, F00.9, G30.0, G30.1, 

G30.8, and G30.9) and prescriptions for Alzheimer’s 
dementia medication (e.g., donepezil, galantamine, riv-
astigmine, memantine) were initially recorded would be 
considered as their onset age  (Supplementary Table 1). 
EOD was defined as age-at-diagnosis < 65, and LOD as 
age-at-diagnosis ≥ 65.

Mortality
The date of death was taken from the Korean NHIS data-
base. We determined the number of deaths in each group 
of EOD and LOD. Time to death was calculated as the 
years from age at onset of dementia to death. We exam-
ined all-cause mortality in relation to risk factors in EOD 
and LOD.

Independent variables
The study included hypertension, diabetes mellitus, 
atrial fibrillation, hyperlipidemia, and osteoporosis as 
risk factors of interest. For other possible confounders, 
we included other risk factors of Charlson’s comorbidity: 
myocardial infarction, congestive heart failure, periph-
eral vascular disease, cerebrovascular disease, chronic 

Fig. 1  Flow chart of the study population. †Among the 418,861 individuals who did not develop EOD until age 65, 114,288 individuals reached 65 years 
of age during the study window. After excluding individuals with missing data for demographic/socioeconomic (n = 2,188) and deceased/censored/
diagnosed with dementia within 30 days after entry to the older group (n = 106), 111,994 individuals were transitioned from the Younger group to the 
Older group
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pulmonary disease, rheumatic or connective tissue dis-
ease, gastric or peptic ulcer, liver disease, hemiplegia or 
paraplegia, and moderate or severe renal disease. The 
presence of the above factors was defined using the ICD-
10 codes. Demographics such as age, sex, residential area, 
and socioeconomic status were also adjusted in the study. 
The residential areas were divided into two groups: urban 
areas (Seoul, Busan, Daegu, Daejeon, Gwangju, Incheon, 
and Ulsan) and rural areas (Gyeonggi, Gangwon, Chun-
gcheongbuk, Chungcheongnam, Jeollabuk, Jeollanam, 
Gyeongsangbuk, Gyeongsangnam, and Jeju). The socio-
economic status was divided into the top 20% of the 
population and the rest based on the amount of health 
insurance tax.

Statistical analyses
Chi-square tests and univariate analysis were used for 
descriptive statistics in each age group (Tables 1 and 2). 
For considering the primary analyses, we started with a 
cohort of dementia-free participants and tracked their 
NHIS data annually to identify those who developed 
dementia. To investigate the effect of each risk factor on 
dementia development and all-cause mortality, 1:N pro-
pensity score matching (PSM) based on age and sex was 
applied from the dementia-free cohort. The PSM was 
conducted for each risk factor, considering the number 
of individuals with each risk factor of interest varied for 
each specific risk factor.

To estimate the hazard ratios (HRs) of each risk fac-
tor of interest in the development of EOD and LOD, we 
applied the multivariate Cox proportional hazard model, 
which included age, sex, risk factor of interest (hyper-
tension, diabetes, atrial fibrillation, hyperlipidemia, and 
osteoporosis), other risk factors in Charlson comorbidity 
index, socioeconomic status, and residential area as inde-
pendent variables.

To understand the development of mortality among 
EOD and LOD patients, a comparable set of analyses 
was used as described immediately above – with mor-
tality being the outcome variable. Survival curves were 
estimated by the Kaplan–Meier method. To estimate the 
HRs of each risk factor of interest for mortality in EOD 
and LOD patients, we used multivariate Cox propor-
tional hazard models including the same independent 
variables as described above.

All analyses were performed using SAS software (ver-
sion 9.4; SAS Institute, Cary, North Carolina, USA).

Results
Study population
Clinical characteristics of Younger group and Older 
group are shown in Table  1. Overall, among 546,709 
individuals, 35,261 (6.4%) developed dementia  (Table 
1), and among those with dementia, 13,411 (38.0%) died 

during the observation period of 11 years from 2009 to 
2019 (Table 2). In the Younger group (< 65 years old) of 
421,229 individuals, 2,368 (0.6%) developed dementia 
(i.e., EOD). The number of deaths among the EOD group 
was 442 (18.7%). Conversely, in the Older group (≥ 65 
years old) of 237,474 individuals, 32,893 subjects (13.9%) 
developed LOD, in which 12,969 patients (39.4%) died 
within the observation period of 11 years.

In the Younger group, those who developed EOD were 
older at baseline (EOD 53.0 ± 5.2 years vs. non-EOD 
50.3 ± 6.8 years, p < 0.001) and more likely to be male 
(EOD 52.2% vs. non-EOD 49.0%, p = 0.002) than those 
who did not develop dementia. The most prevalent risk 
factor in EOD was hypertension (44.6%), followed by 
hyperlipidemia (41.8%), diabetes mellitus (38.4%), osteo-
porosis (17.6%), and atrial fibrillation (2.3%), which all 
occurred at significantly higher rates in EOD individu-
als than in those who did not develop EOD (p < 0.001) 
(Table 1).

In the Older group, those who developed LOD were 
older (LOD 74.2 ± 6.6 years vs. non-LOD 68.3 ± 5.4 years, 
p < 0.001) and more likely to be female (LOD 67.4% 
vs. non-LOD 53.5%, p < 0.001) than those who did not 
develop LOD. The most prevalent risk factor in LOD 
patients was hypertension (72.7%), followed by diabetes 
mellitus (52.1%), hyperlipidemia (50.9%), osteoporosis 
(47.7%), and atrial fibrillation (4.8%), which all occurred 
at significantly higher rates in LOD individuals than in 
those who did not develop LOD (p < 0.001) (Table 1).

Risk and protective factors of EOD and LOD
The risk factors and protective factors of LOD and EOD 
were different (Fig.  2 and Supplementary Table 2). In 
the Younger group, hypertension (HR 1.147, 95% CI 
1.025–1.284), diabetes mellitus (HR 1.680, 95% CI 1.474–
1.916), and osteoporosis (HR 1.178, 95% CI 1.008–1.375) 
increased risk of EOD development.

In the Older group, diabetes mellitus (HR 1.208, 95% CI 
1.179–1.237), atrial fibrillation (HR 1.098, 95% CI 1.035–
1.166), and osteoporosis (HR 1.181, 95% CI 1.150–1.213) 
increased risk of LOD development. On the other hand, 
hyperlipidemia was protective against developing LOD 
(HR 0.923, 95% CI 0.899–0.947).

Risk and protective factors of mortality among EOD and 
LOD patients
All-cause mortality and related factors among EOD and 
LOD are shown in Table  2. The Kaplan–Meier survival 
curves, starting from dementia diagnosis, are presented 
in Supplementary Fig. 1 for patients with EOD and LOD. 
There was a higher death rate in the LOD group com-
pared to the EOD group. During the 11-year follow-up 
period, 442 (18.7%) died among 2,368 EOD patients, 
while 12,969 (39.4%) died among 32,893 LOD patients. 
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However, after controlling for age, sex, risk factors of 
interest, other risk factors of Charlson comorbidity index, 
socioeconomic status, and residential area, EOD showed 
a higher influence on mortality than did LOD (HR 2.545, 
95% CI: 2.278–2.841, ref. LOD) (Supplementary Fig. 1).

The risk factors affecting the mortality among EOD and 
LOD were different (Fig. 3 and Supplementary Table 3). 
In EOD patients, diabetes mellitus increased the risk of 
death (HR 1.282, 95% CI 1.028–1.599), while hyperlip-
idemia protected against death (HR 0.721, 95% CI 0.570 
– 0.912).

In contrast, in LOD patients, hypertension (HR 1.085, 
95% CI 1.038–1.133), diabetes mellitus (HR 1.167, 95% 
CI 1.123–1.212), and atrial fibrillation (HR 1.186, 95% CI 
1.098–1.280) increased risk of death. Having hyperlipid-
emia protected against death in LOD patients (HR 0.864, 
95% CI 0.830–0.899).

Discussion
In this 11-year longitudinal observation study using 
Korean National cohort data, we investigated how com-
mon medical risk factors were associated with the 
development and mortality of EOD and LOD, respec-
tively. Our study showed that the factors contributing to 
dementia development and mortality vary according to 
onset age. Diabetes mellitus and osteoporosis increased 
the risk of developing both EOD and LOD. Hyperten-
sion increased risk of EOD, while atrial fibrillation 
increased risk of LOD. Hyperlipidemia was a protective 
factor against development of LOD. The factors leading 
to death among dementia patients also differed according 
to the onset age. Diabetes mellitus increased mortality 
in both EOD and LOD patients, while hypertension and 
atrial fibrillation were associated with increased mortal-
ity among LOD patients. Hyperlipidemia was related 
to reduced mortality among EOD and LOD patients. 
Taken together, our findings demonstrate that the onset 
age matters when considering the effects of risk factors 
on dementia development and mortality. Therefore, the 
age of onset is important when establishing strategies 
for dementia prevention and increasing survival among 
dementia patients.

Sex distribution varied according to the onset age. The 
proportion of males was higher among EOD patients 
(52.2%), whereas the proportion of females was higher 
among LOD patients (67.4%) compared to the non-
dementia counterpart in each age category. It is well 
known that females are at risk for LOD. However, it 
has been reported that there is no female predomi-
nance in EOD [26]. This could potentially be related to 
a protective effect of estrogen in younger women [27], or 
inversely, the higher prevalence of traumatic brain inju-
ries and alcohol-related dementia in males under the age 
of 65 [28].

Additionally, although LOD showed a higher number 
of deaths, after adjusting for age, sex, and potential risk 
factors, having dementia at a young age (EOD) contrib-
uted to a higher risk of death compared to having demen-
tia at an older age (LOD) (HR 1.607). This implies that 
mortality in EOD is driven by dementia itself, whereas 
mortality in LOD might have been driven by other age-
related factors. A previous study indicated that early-
onset Alzheimer’s disease patients had higher all-cause 
mortality when compared to the general population [29]. 
However, there is a scarcity of population-based studies 
examining whether the all-cause mortality in dementia 
patients differs according to age. Although the mecha-
nisms have not been fully elucidated, the pathologi-
cal burden of neurodegeneration in the brain may vary 
according to onset age.

Our study showed that diabetes mellitus was a sig-
nificant contributor to dementia development and 
mortality in dementia patients in both the Younger and 
Older groups, which is consistent with previous stud-
ies [30–33]. The mechanism by which diabetes mellitus 
influences dementia development and the mortality of 
dementia patients may be multifactorial. Previous stud-
ies have indicated that the systemic influence of hyper-
glycemia induces insulin resistance, which impairs 
insulin signaling in the brain and causes cognitive decline 
[34–36]. Also, inflammatory mediators and dysregula-
tion of the hypothalamic-pituitary-adrenal axis might 
also have a role in the development of cognitive impair-
ment in patients with diabetes [32, 37–39]. As diabetes 
mellitus increases the mortality among dementia patients 
[40], both EOD and LOD patients with diabetes mellitus 
are recommended to be regularly screened for cognitive 
decline.

Osteoporosis was a risk factor for dementia in both the 
Younger group and the Older group. Osteoporosis fre-
quently accompanies dementia, as both conditions are 
closely associated with aging [41]. A Swedish national 
longitudinal study has shown that dementia patients 
had a higher prevalence of osteoporotic fractures [42]. A 
population-based cohort analysis in Taiwan and a Danish 
study have also suggested that osteoporosis is a risk fac-
tor for dementia [9, 43]. Although the underlying mecha-
nisms for the high comorbidity rate between dementia 
and osteoporosis have not been elucidated, the changes 
in estrogen, immunological factors, or bone-derived 
proteins may contribute to both bone loss and dementia 
[44]. Therefore, prevention and treatment of osteoporo-
sis might help prevent the development of both EOD and 
LOD.

Atrial fibrillation increased the risk of dementia in the 
Older group and mortality among LOD patients, which 
is supported by previous studies [45, 46]. Conversely, no 
significant association was found in the Younger group. 
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Fig. 3  Hazard ratios of each risk factor for all-cause mortality among early-onset dementia and late-onset dementia groups. The hazard ratios are ex-
pressed as boxes and the 95% confidence intervals are expressed as limit lines. Abbreviations: HR, hazard ratios; CI, confidence intervals. The multivariate 
Cox proportional hazard models included age, sex, risk factor of interest (hypertension, diabetes, atrial fibrillation, hyperlipidemia, and osteoporosis), other 
risk factors in Charlson comorbidity index, socioeconomic status, and residential area as independent variables

 

Fig. 2  Hazard ratios of each risk factor for development of early-onset dementia and late-onset dementia among the Younger and Older groups, respec-
tively. The hazard ratios are expressed as boxes and the 95% confidence intervals are expressed as limit lines. The multivariate Cox proportional hazard 
models included age, sex, risk factor of interest (hypertension, diabetes, atrial fibrillation, hyperlipidemia, and osteoporosis), other risk factors in Charlson 
comorbidity index, socioeconomic status, and residential area as independent variables. Abbreviations: HR, hazard ratios; CI, confidence intervals
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Previous studies based on the Korean NHIS-Senior 
cohort also demonstrated that atrial fibrillation was a risk 
factor for dementia in the elderly population aged over 60 
years [6, 47]. However, Kim et al. have shown that atrial 
fibrillation had a greater impact on the development of 
dementia in the younger individuals (< 65 years old) than 
in the older individuals (≥ 65 years old) [48]. The discrep-
ancy might be due to differences in the study population. 
In the previous study [48], participants with valvular 
heart disease or stroke were excluded, whereas our study 
included these participants.

Hypertension increased the risk of dementia in the 
Younger group and increased mortality among LOD 
patients. Our result is consistent with previous reports 
showing that midlife hypertension elevated the likelihood 
of developing dementia [49–54]. Moreover, the risk of 
dementia associated with high blood pressure decreased 
with increasing age [55, 56]. Thus, effective management 
of hypertension can potentially reduce the development 
of EOD and the mortality associated with LOD [57, 58].

In contrast, hyperlipidemia was a protective factor for 
dementia in the Older group and reduced mortality in 
both LOD and EOD patients. The effect of hyperlipid-
emia on dementia is still controversial. Some studies sug-
gest that high triglyceride levels may be associated with 
an increased risk of dementia [59, 60], whereas others 
have not found a significant association between hyper-
lipidemia and cognitive decline [58, 61]. These inconsis-
tencies may be explained by the fact that the relationship 
between dyslipidemia and dementia is intricate and mul-
tifactorial. This finding might have been complicated 
by lipid-lowering agents, statins, which have protective 
effects against inflammation and oxidative stress [59] and 
may reduce the risk of dementia [60, 61]. More studies 
are needed to determine the associations between hyper-
lipidemia and dementia.

Limitations
This study had several limitations. First, although ICD-10 
codes were used to define diseases in our study, potential 
errors may occur due to imprecise coding. Second, we 
could not evaluate all factors potentially associated with 
dementia due to a lack of data. Further studies are needed 
on the effects of risk factors such as education, smoking, 
alcohol abuse, depression, physical inactivity, hearing 
loss, head injury, and air pollution, which were lacking in 
the NHIS database. Third, our study did not consider the 
treatment of individual risk factors that might modify the 
association between risk factors and dementia or mortal-
ity. Furthermore, because our research objective was to 
find mortality risk factors in EOD and LOD, we did not 
analyze whether the impact of risk factors on mortality 
is increased in the presence of dementia. Future research 
should provide additional insight into which risk factors 

should be more tightly controlled, especially in demen-
tia patients of each age group. Finally, for this study, we 
extracted 20% of the Korean population from the NHIS 
database due to limitations in handling data volume for 
analyses. While this may restrict the generalizability of 
these findings to the entire Korean population, we mini-
mized the extraction bias by using a systematic stratified 
random sampling method. Nevertheless, the strength 
of our study is that it is the first population-based study 
investigating the factors of dementia development and 
mortality according to onset age.

Conclusions
In conclusion, the factors influencing the development 
of dementia and mortality differ between EOD and LOD. 
It is crucial to establish age-specific strategies to address 
these factors. Our findings offer a valuable contribu-
tion towards devising prevention strategies for dementia 
development and survival according to the age of onset. 
Managing age-related risk factors through public health 
interventions can mitigate both the development and 
mortality associated with dementia.
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