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Abstract

Background Dementia is a progressive disease associated with various health risks, including increased mortality.
Although weight changes have been linked to adverse outcomes in older adults, limited research has examined the
impact of body weight status after dementia diagnosis and its changes before and after diagnosis on mortality. This
study aimed to address these gaps.

Methods Using nationwide data from the Korean National Health Insurance Service, we included 37,717 individuals
newly diagnosed with dementia between 2010 and 2016, comprising 29,982 with Alzheimer’s disease (AD) and 3,220
with vascular dementia (VaD). Participants were followed up until the end of 2019. Multivariable Cox proportional
hazards regression models were used to estimate adjusted hazard ratios (HRs) and 95% confidence intervals (Cls) for
all-cause mortality based on body mass index (BM)) status after diagnosis and BMI changes before and after diagnosis.

Results During a mean follow-up of 4.1 years, 21.7% of individuals with all-cause dementia died. Compared to those
with normal BMI (18.5-22.9 kg/mz), underweight individuals (< 18.5 kg/mz) after diagnosis had a higher risk of all-
cause mortality (HR 1.57,95% Cl 1.46-1.69). Excessive weight loss or gain was associated with the highest mortality
risk—for example, weight loss from obesity to underweight yielded the highest risk (HR 2.09, 95% Cl 1.26-3.46).
Conversely, maintaining obesity (=25 kg/mz) (HR 0.69, 95% Cl 0.65-0.74) or modest weight gain from normal or
overweight to obesity (HR 0.84, 95% Cl 0.76-0.93) was associated with lower mortality risk. These associations
remained consistent across dementia subtypes. Subgroup analyses revealed stronger associations in middle-aged
individuals and in women with all-cause dementia.

Conclusions This large-scale cohort study suggests that excessive weight loss is significantly associated with the risk
of all-cause mortality in individuals with dementia, while excessive weight gain may also be a marker of increased risk.
Maintaining stable weight or modest weight gain is associated with lower mortality risk. These findings highlight the
importance of monitoring body weight in dementia patients, especially during the critical period following diagnosis,
to reduce mortality risk.
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Introduction

Dementia is a progressive neurodegenerative disease that
impairs memory, thinking, and judgement. The disease
significantly interferes with daily life, especially in its
severe stage. Approximately 36 million people are cur-
rently living with dementia worldwide, and this num-
ber is projected to triple by 2050 due to the rapid aging
of populations [1]. Alzheimer’s disease (AD) is the most
common type of dementia, followed by vascular demen-
tia (VaD) [2]. Each type has distinct risk factors and
pathophysiological mechanisms [3]. Moreover, individu-
als with dementia have a shorter life expectancy than
those without [4, 5]. Although there are several anti-
dementia medications, no treatments exist that can cure
dementia.

Weight loss, often caused by poor nutritional intake
and increased energy expenditure, is associated with
declines in cognitive function, physical functioning, and
quality of life [6], as well as increased risk of mortality
and hospitalization in older adults [7]. Weight loss is par-
ticularly common among individuals with AD [8] and has
been linked to higher risks of mortality [9] and hospital-
ization [9, 10]. In contrast, among those with VaD, weight
loss has not been consistently associated with increased
mortality risk [9]. Conversely, weight gain, often result-
ing from sedentary lifestyle [11], may lead to obesity [12].
However, some studies have found no significant associa-
tion between weight gain and the risk of all-cause demen-
tia, including AD and VaD [13].

Previous studies have identified associations between
weight change and all-cause mortality in individuals
with dementia [9, 13]. However, few studies have directly
compared the risks associated with weight gain and
weight loss, particularly in relation to mortality. Unlike
one previous study [14], there remains a lack of research
investigating how weight change, both before and after
dementia diagnosis, is related to all-cause mortality in
patients with dementia.

Given these inconsistent findings, studies exploring
the associations between body mass index (BMI) after
dementia diagnosis and changes in BMI and all-cause
mortality among individuals with dementia remain lim-
ited. Therefore, this study aimed to investigate these asso-
ciations using nationally representative data of Korean
patients with dementia.

Methods

Data source and study population

In this cohort study, we used the data provided by the
Korean National Health Insurance Service (NHIS), a
mandatory single-payer insurance system covering

approximately 97% of the South Korean population. The
NHIS offers a biennial national health-screening pro-
gram for all Korean adults aged 40 years or older and all
employees. This database includes extensive health infor-
mation, health screening results, medical diagnosis, and
prescription data based on the International Classifica-
tion of Diseases, 10th Revision (ICD-10) codes [15].

From this database, we identified 302,906 individuals
who were newly diagnosed with dementia between Janu-
ary 1, 2010, and December 31, 2016, representing a 50%
random sample of eligible dementia cases provided by
NHIS. Dementia was defined as the prescription of anti-
dementia medications (donepezil, rivastigmine, meman-
tine, or galantamine) at least twice per year, along with
relevant ICD-10 codes (FOO or G30 for AD; FO1 for VaD;
and F02, F03, G23.1, or G31 for other types of demen-
tia). This information was confirmed based on records
from outpatient visits or inpatient admissions. In Korea,
anti-dementia medications are reimbursed under the
NHIS for patients with a Mini-Mental State Examina-
tion score < 26 and either a Clinical Dementia Rating of
1-3 or a Global Deterioration Scale of 3-7, as in previ-
ous studies [16, 17]. Among these, we identified 39,190
individuals aged = 40 years who underwent NHIS health
screening within 2 years both before and after their
dementia diagnosis. Individuals with missing data (n =
276) and those who died within the first year of follow-up
(1-year lag period) (1 = 1,197) were excluded. Ultimately,
37,717 individuals with dementia (12,985 men and 24,732
women) were included in the analyses (Supplementary
Fig. 1).

The study was conducted in accordance with the
principles of the Declaration of Helsinki. This study
was approved by the Institutional Review Board of the
Korea University Guro Hospital, Seoul, Korea (No.
2022GR0325). The requirement for written informed
consent was waived due to the use of deidentified and
retrospective data.

Changes in BMI

The NHIS health-screening program includes lifestyle
surveys and health examinations, including anthro-
pometric and laboratory measurements, which were
included at each health screening. Height and weight
were measured, and BMI was calculated as weight
divided by height squared (kg/m?). Participants were
classified into five BMI categories after their dementia
diagnosis according to the Asia-Pacific BMI classifica-
tion: underweight (< 18.5 kg/m?), normal weight (18.5-
22.9 kg/m?), overweight (23.0-24.9 kg/m?), obesity class
[ (25.0-29.9 kg/m?), and obesity class I —III (> 30.0 kg/
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m?) [18]. Then, based on BMI measured within two years
before and after the dementia diagnosis, participants
were categorized into three groups: underweight (< 18.5
kg/m?, U), normal to overweight (18.5-24.9 kg/m?, N),
and obesity (> 25.0 kg/m?, O). Using these categories, we
identified nine patterns of BMI change: (1) underweight
— underweight (no changes); (2) underweight — normal
or overweight; (3) underweight — obesity; (4) normal or
overweight — underweight; (5) normal or overweight —
normal or overweight (no changes); (6) normal or over-
weight — obesity; (7) obesity — underweight; (8) obesity
— normal or overweight; and (9) obesity — obesity (no
changes). The BMI change rate was calculated by dividing
the change in BMI between two health screenings by the
interval between screenings (years).

Study outcome and follow-up

The primary outcome was all-cause mortality, which was
identified based on death certificate data from the Korea
National Statistical Office. Participants were followed up
from 1 year after the index date until death or December
31, 2019, whichever came first.

Covariates

Low income was defined as individuals in the lowest 25th
percentile of insurance premiums or Medical Aid eligi-
bility. Place of residence was divided into urban (metro-
politan and urban) and rural areas. Disability status was
recorded, if present. Lifestyle variables were assessed
using self-reported questionnaires. Smoking status was
classified as never or ever smoked based on smoking his-
tory. Alcohol consumption was classified as nondrinker
or drinker (>0 g/day). Regular physical activity was
defined as vigorous exercise for at least 3 days/week or
moderate exercise for at least 5 days/week. Blood pres-
sure was measured after at least 5 min of rest in a sitting
position. Blood samples were collected after overnight
fasting.

Hypertension was defined as systolic/diastolic blood
pressure of >140/90 mmHg or at least one antihyperten-
sive medication prescription claim per year under ICD-
10 codes 110-113 or I15. Type 2 diabetes was defined as
fasting plasma glucose>126 mg/dL or at least one anti-
diabetic medication prescription claim per year under
ICD-10 codes E11-E14. Dyslipidemia was defined as a
total cholesterol concentration>240 mg/dL or at least
one lipid-lowering medication prescription claim per
year under ICD-10 code E78. Chronic kidney disease was
defined as estimated glomerular filtration rate(eGFR)
<60 mL/min/1.73 m? by the Modification of Diet in
Renal Disease equation.
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Statistical analyses

Baseline characteristics were presented as the
means * standard deviation [SD] for continuous vari-
ables or numbers (percentages) for categorical variables
according to mortality status during follow-up. Differ-
ences between groups were compared using analysis
of variance for continuous variables and the chi-square
test for categorical variables. The mortality rate was cal-
culated as the number of deaths per 1,000 person-years.
Kaplan-Meier curves were used to illustrate the cumu-
lative incidence probabilities of all-cause mortality in
the BMI and BMI change groups, with comparisons via
log-rank tests. Cubic spline curves were used to visual-
ize the associations of continuous BMI and BMI change
rate with the probability of all-cause mortality. Multi-
variate Cox proportional hazards models were used to
estimate hazard ratios (HRs) and 95% confidence inter-
vals (Cls) for all-cause mortality across the BMI catego-
ries and BMI change groups. Three models were applied:
Model 1 was not adjusted; Model 2 was adjusted for age,
sex, place of residence, income, smoking status, alcohol
consumption, physical activity, hypertension, type 2 dia-
betes, dyslipidemia, and chronic kidney disease; Model 3
was additionally adjusted for disability status, the number
of anti-dementia medications, and the interval between
the two health screenings to the variables in Model 2.
For analysis assessing the association between BMI
after dementia diagnosis and all-cause mortality, Model
3 did not adjust for the interval between the two health
screenings. The proportional hazards assumption was
tested using Schoenfeld residuals and visual inspection of
log-log survival plots, and no significant violations were
observed. Subgroup analyses were conducted according
to sex, age, and type 2 diabetes. Potential effect modifi-
cation by these factors was evaluated by including inter-
action terms in the models, and corresponding P values
for interaction were reported. Sensitivity analyses were
conducted by excluding all-cause mortality occurring
within 2, 3, and 5 years of follow-up and by stratifying
the follow-up period into 1-3 years and 3-5 years after
dementia diagnosis. All statistical analyses were per-
formed using SAS software (version 9.4; SAS Institute,
Cary, NC, USA). A P-value <0.05 was considered statisti-
cally significant.

Results

Baseline characteristics

Table 1 shows the baseline characteristics of 37,717 par-
ticipants (mean age: 74.2 years [SD: 7.5]) according to
their mortality status during the follow-up period. The
deceased individuals were older and had a higher pro-
portion of men, rural residents, individuals without low
income, those with disabilities, and smokers than the
survivors. They had lower mean body weight, BMI, total
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Table 1 Baseline characteristics of study participants by mortality status

Total Alive Deceased P
N 37,717 29,518 8,199
Sex (men) 12,985 (34.4) 8,805 (29.8) 4,180 (51.0) <0.001
Age (years) 742+75 732+73 77.7+69 <0.001
Residential area (urban) 11,843 (31.4) 9,381 (31.8) 2,462 (30.0) 0.003
Income (low) 8,001 (21.2) 6,270 (21.2) 1,731 (21.1) 0.801
Disability (yes) 7,780 (20.6) 5,884 (19.9) 1,896 (23.1) <0.001
Ever smoker 71(19.0) 5,008 (17.0) 63 (264) <0.001
Alcohol drinker 4,506 (12.0) 3,528 (12.0) 978 (W 1.9) 0.953
Regular physical activity 4,906 (13.0) 4,121 (14.0) 785 (9.6) <0.001
Abdominal obesity 11,504 (30.5) 9,368 (31.7) 2,136 (26.1) <0.001
Height (cm) 154.6+£89 1543+87 155.7+£96 <0.001
Weight (kg) 56.1+£10.0 56.6+9.8 5454104 <0.001
BMI (kg/mz) 234433 237432 224433 <0.001
Waist circumference (cm) 81.9+9.0 82.1+89 81.2+93 <0.001
Fasting glucose (mg/dL) 105.8+30.1 104.8+28.1 109.0£36.5 <0.001
Systolic BP (mmHg) 1276158 1275+€156 1280+£16.6 0.004
Diastolic BP (mmHg) 762+100 76.1+98 7631104 0.182
Total cholesterol (mg/dL) 190.4+40.9 192.0+£40.7 1845+41.2 <0.001
eGFR (ml/min/1.73 m?) 765179 779+17.1 715+£196 <0.001
Hypertension 25,080 (66.5) 19,337 (65.5) 5,743 (70.1) <0.001
Type 2 diabetes 10,159 (26.9) 7476 (25.3) 2,683 (32.7) <0.001
Dyslipidemia 17,173 (45.5) 14,164 (48.0) 3,009 (36.7) <0.001
Chronic kidney disease 6,947 (184) 4,761 (16.1) 86 (26.7) <0.001
Type of dementia <0.001
Alzheimer's disease 29,982 (79.5) 23,652 (80.1) 6,330(77.2)
Vascular dementia 3,220 (8.5) 2,471 (8.4) 749 (9.14)
Others 4,515 (12.0) 3,395(11.5) 1,120 (13.7)
Number of anti-dementia medication <0.001
1 33,226 (88.1) 26,246 (88.9) 6,980 (85.1)
2 4,145 (11.0) 3,020(10.2) 1,125 (13.7)
>3 346 (0.9) 252 (0.86) 94 (1.1)

Values are presented as means +standard deviations or numbers (percentages)

Abbreviations: BMI body mass index, BP blood pressure, eGFR estimated glomerular filtration rate

cholesterol, and eGFR, but higher fasting glucose lev-
els and systolic blood pressure. In terms of comorbidi-
ties, the prevalence of hypertension, type 2 diabetes, and
chronic kidney disease was higher among individuals
who died. Conversely, the proportion of patients with AD
and VaD was higher among those who survived and the
number of anti-dementia medications was higher among
those who died. The characteristics of the excluded par-
ticipants were similar to those of the study participants
(Supplementary Table 1).

Associations between BMI after dementia diagnosis and
risk of all-cause mortality

During a mean follow-up of 4.1+1.8 years, there were
8,199 deaths (21.7%) among individuals with all-cause
dementia, 6,330 deaths (21.1%) in those with AD, and
749 deaths (23.3%) in those with VaD. Table 2 shows the
association between BMI after dementia diagnosis and
all-cause mortality risk. A significant inverse association

was observed between post-diagnosis BMI and mortal-
ity risk. Compared with individuals in the normal BMI
category (18.5-22.9 kg/m?), the risk was significantly
increased among those who were underweight (HR
1.57, 95% CI 1.46-1.69 in all-cause dementia; HR 1.61,
95% CI 1.48-1.75 in AD; HR 1.90, 95% CI 1.47-2.47 in
VaD). Conversely, individuals with BMI>30 kg/m? had
the lowest mortality risk (HR 0.62, 95% CI 0.51-0.75 in
AD; HR 0.58, 95% CI 0.36-0.93 in VaD), while those with
BMI 25.0-29.9 kg/m? showed the lowest risk in all-cause
dementia (HR 0.64, 95% CI 0.61-0.68). As shown in Sup-
plementary Fig. 2, the cumulative incidence probabilities
of all-cause mortality were higher in patients with a lower
BMI (log-rank p<0.001). Supplementary Fig. 3 demon-
strates an inverse J-shaped association between continu-
ous BMI and mortality, with a reference point at a BMI
of 30.2 kg/m?2. By contrast, increased mortality risk was
observed as BMI decreased below the reference value of
31.9 kg/m? in both AD and VaD.
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Table 2 Risk of all-cause mortality by BMI status after dementia diagnosis
BMI (kg/mz) N Mortality Person-years IR? HR (95% CI)
Model 1° Model 2¢ Model 3¢
All-cause dementia
<185 2,173 891 7,671 116.2 1.81(1.69-1.95) 1.57 (1.46-1.69) 1.57 (1.46-1.69)
18.5-22.9 14,928 3,888 59,664 65.2 1 (Ref) 1 (Ref) 1 (Ref)
23.0-249 9,159 1,702 38,499 44.2 0.67 (0.64-0.71) 0.74(0.70-0.78) 0.74(0.70-0.78)
25.0-29.9 10,344 1,571 43,537 36.1 0.55 (0.52-0.58) 0.64 (0.61-0.68) 0.64 (0.61-0.68)
>30.0 1,113 147 4,649 316 049 (0.41-0.57) 0.66 (0.56-0.77) 0.65 (0.55-0.76)
Alzheimer's disease
<185 1,754 704 6,127 1149 1.83 (1.69-1.99) 1.60 (1.48-1.74) 1.61(1.48-1.75)
18.5-22.9 11,905 3,002 47,126 63.7 1 (Ref) 1 (Ref) 1 (Ref)
23.0-24.9 7,249 1,302 30,349 429 0.67 (0.63-0.71) 0.74 (0.69-0.79) 0.74 (0.69-0.79)
25.0-29.9 8213 1,216 34,156 356 0.56 (0.52-0.59) 0.65 (0.61-0.69) 0.65 (0.61-0.69)
>30.0 861 106 3,580 296 0.46 (0.38-0.56) 0.63 (0.52-0.76) 0.62 (0.51-0.75)
Vascular dementia
<185 143 71 493 144.1 2.10(1.63-2.72) 1.89 (1.46-2.45) 1.90 (1.47-2.47)
18.5-22.9 1,186 336 4,799 700 1 (Ref) 1 (Ref) 1 (Ref)
23.0-249 808 166 3,323 50.0 0.71 (0.59-0.86) 0.78 (0.64-0.94) 0.78 (0.64-0.94)
25.0-299 953 158 4115 384 0.55 (0.45-0.66) 0.64 (0.53-0.78) 0.64 (0.53-0.78)
>30.0 130 18 556 324 046 (0.29-0.74) 0.58 (0.36-0.94) 0.58 (0.36-0.93)

Associations between BMI changes and risk of all-cause
mortality

Table 3 shows the associations between changes in BMI
status before and after dementia diagnosis and all-cause
mortality, with individuals with normal BMI or over-
weight as the reference group. Among those underweight
prior to diagnosis, both maintaining that status (HR 1.73,
95% CI 1.55-1.92) and gaining weight to normal or over-
weight (HR 1.48, 95% CI 1.29-1.70) were associated with
increased mortality. For individuals with normal BMI or
overweight, weight loss to underweight increased mor-
tality risk (HR 1.76, 95% CI 1.60-1.93), while weight gain
to obesity reduced the risk (HR 0.84, 95% CI 0.76—0.93).
Among those with obesity before diagnosis, weight loss
to underweight showed the highest mortality risk (HR
2.09, 95% CI 1.26-3.46), whereas maintaining obesity
showed the lowest risk (HR 0.69, 95% CI 0.65-0.74).
These associations were consistent in both AD and VaD.
In particular, among VaD patients, weight gain from
underweight to obesity was associated with markedly
elevated risk (HR 10.23, 95% CI 1.42-73.61), whereas
maintaining obesity was associated with the lowest risk
(HR 0.66, 95% CI 0.54—0.81). Similarly, weight loss from
obesity to underweight (HR 5.68, 95% CI 1.80-17.89),
sustained underweight (HR 2.52, 95% CI 1.76-3.59) and
weight loss from normal/overweight to underweight (HR
1.74, 95% CI 1.22-2.49) were also associated with higher
mortality in VaD. Supplementary Table 2 shows the asso-
ciations between 16 BMI change groups before and after
dementia diagnosis and all-cause mortality, using indi-
viduals with normal BMI as the reference group. Among
individuals with all-cause dementia, weight loss from

overweight to underweight was associated with markedly
elevated risk (HR 2.47, 95% CI 1.82-3.35), whereas main-
taining obesity was associated with the lowest risk (HR
0.63, 95% CI 0.59-0.68). Similar patterns were observed
in both AD and VaD. As shown in Fig. 1, the cumula-
tive incidence probabilities of all-cause mortality across
BMI change statuses before and after dementia diagnosis
showed similar trends (log-rank, p<0.001). Supplemen-
tary Fig. 4 shows U-shaped associations between BMI
change rate and all-cause mortality risk among individu-
als with all-cause dementia, AD, and VaD.

Subgroup analyses and sensitivity analysis

Table 4 shows the associations between changes in BMI
status and all-cause mortality across sex and age sub-
groups. The associations exhibited similar tendencies in
all subgroups. There were significant interactions with
age, with stronger associations observed in individuals
aged 40—64 years for both all-cause dementia (P for inter-
action<0.001) and AD (P for interaction <0.001). Among
individuals with all-cause dementia, the association was
more pronounced in women (P for interaction =0.047).
In contrast, no significant interaction was observed with
type 2 diabetes.

Supplementary Tables 3 and 4 present sensitivity analy-
ses, excluding all-cause mortality occurring within 2, 3,
and 5 years of follow-up among individuals with demen-
tia. The associations showed similar tendencies even
when the lag time was extended to 2, 3, and 5 years. In
addition, Supplementary Tables 5 and 6 show the risk
of all-cause mortality during 1-3 and 3-5 years among
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Table 3 Risk of all-cause mortality by changes in BMI status before and after dementia diagnosis
Change in BMI status N Event Person-years IR® HR (95% Cl)
Model 1° Model 2¢ Model 3¢
In all-cause dementia
Underweight — Underweight 979 388 3,503 1108 2.02(1.82-2.24) 1(1.54-190) 1.73(1.55-1.92)
Underweight — Normal or overweight 641 214 2,388 896  1.63(142-187) 148(1.29-1.70) 1.48(1.29-1.70)
Underweight — Obesity 12 5 44 1133 2.09(0.87-5.01) 1.66(0.69-3.99) 1.67(0.70-4. 03)
Normal or overweight — Underweight 1,166 488 4,076 119.7  2.19(2.00-240) 1.76(1.61-1.94)  1.76 (1.60-1.93)
Normal or overweight — Normal or overweight 20,508 4,668 83,697 558 1 (Ref) 1 (Ref) 1 (Ref)
Normal or overweight — Obesity 2355 424 9,581 443  0.80(0.72-0.88) 0.84(0.76-0.93)  0.84 (0.76-0.93)
Obesity — Underweight 28 15 92 163.1  3.02(1.82-501)  2.13(1.29-3.54)  2.09 (1.26-3. 46)
Obesity — Normal or overweight 2938 708 12,078 586  1.05(097-1.14)  1.02(0.94-1.10) 00 (0.93-1.09)
Obesity — Obesity 9,090 1,289 38561 334  060(0.56-0.64) 0.70(0.65-0.74)  0.69 (0.65-0. 74)
In Alzheimer’s disease
Underweight — Underweight 791 291 2,856 1019 1.90(1.68-2.14) 61(1.43-1.82) 1.62(1.44-1.83)
Underweight — Normal or overweight 497 161 1,811 889  1.66(1.42-1.94) 150(1.28-1.76)  1.51(1.28-1.76)
Underweight — Obesity 10 4 36 1119 2.12(0.80-5.66) 81 (0.68-4.83)  1.81(0.68-4. 83)
Normal or overweight — Underweight 940 401 3,201 1253 235(2.12-261) 1.93(1.74-2.14) 192 (1.73-2.14)
Normal or overweight — Normal or overweight 16374 3,614 66,261 545 1 (Ref) 1 (Ref) 1 (Ref)
Normal or overweight — Obesity 1,854 317 7,486 423 0.78(069-0.87) 0.83(0.74-093) 0.83(0.74-0.93)
Obesity — Underweight 23 12 71 169.2 322(1.83-568) 1.94(1.10-341) 89 (1.07-3.33)
Obesity — Normal or overweight 2,283 529 9,403 56.3 1.03(094-1.13)  1.00(0.91-1.09)  0.99 (0.90-1.09)
Obesity — Obesity 7210 1,001 30214 33.1 061 (0.56-0.65)  0.70 (0.65-0.75)  0.70 (0.65-0. 75)
In vascular dementia
Underweight — Underweight 63 34 219 155.1 61(1.84-3.70) 246(1.72-352)  2.51(1.76-3.59)
Underweight — Normal or overweight 40 14 148 948 162(095-2.76) 1.40(0.82-240) 1.38(0.80-2.36)
Underweight — Obesity 1 1 2 459.1 889(1.25-6333) 9.54(1.33-68.55) 10.23(1.42-73.6)
Normal or overweight — Underweight 76 34 257 1321 227(1.60-3.22)  1.75(1.23-250)  1.74(1.22-2.49)
Normal or overweight — Normal or overweight 1,670 412 6,850 60.1 1 (Ref) 1 (Ref) 1 (Ref)
Normal or overweight — Obesity 231 50 937 534  090(067-1.20) 0.87(065-1.17) 0.87(0.65-1.17)
Obesity — Underweight 4 3 16 1872 3.17(1.02-9.87) 560(1.78-17.64) 5.68(1.80-17.89)
Obesity — Normal or overweight 284 76 1,125 675 1.13(0.88-144) 1(0.86-141) 09 (0.85-1.39)
Obesity — Obesity 851 125 3,732 335 0.55(045-068) 066 (0.54-0.81)  0.66 (0.54-0. 81)

Abbreviations: BMI, body mass index; IR, incidence rate; HR, hazard ratio; Cl, confidence interval

?Incidence per 1000 person-years
PModel 1 was not adjusted for any variables

“‘Model 2 was adjusted for age, sex, place of residence, income, smoking status, alcohol consumption, physical activity, hypertension, type 2 diabetes, dyslipidemia,

and chronic kidney disease

dModel 3 was adjusted for age, sex, place of residence, income, smoking status, alcohol consumption, physical activity, hypertension, type 2 diabetes, dyslipidemia,
chronic kidney disease, disability, number of anti-dementia medications, and interval between two health screening

individuals with dementia, which were similar to the pre-
vious associations.

Discussion

Using a large, nationally representative cohort, this study
found that lower BMI after dementia diagnosis was asso-
ciated with higher all-cause mortality, with the highest
risk observed in underweight individuals and progressive
decrease in risk as BMI increased across all-cause demen-
tia, AD, and VaD. Maintaining obesity or gaining weight
from normal or overweight to obese after diagnosis was
associated with reduced mortality, suggesting a higher
BMI was associated with a reduced risk of all-cause mor-
tality in this population. In contrast, excessive weight
loss—particularly from obesity to underweight-was

consistently associated with the highest mortality across
dementia types. Sustained underweight and weight gain
from underweight to a normal or overweight were linked
to increased mortality. These findings suggest that under-
weight status both before and after dementia diagnosis
and experiencing excessive BMI reduction are indepen-
dently associated with a higher mortality risk.

Our findings align with previous research showing that
underweight individuals with dementia have increased
mortality risk compared with those with normal weight
[19]. Underweight status is associated with suscepti-
bility to infections [20] and reduced muscle mass [21],
which is an important risk factor for mortality in patients
with nutritional deficits, such as those with dementia
[22]. Previous studies have also shown that body weight
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Fig. 1 Kaplan—Meier curves for association between changes in BMI status before and after dementia diagnosis and all-cause mortality (A) All-cause

dementia, B) Alzheimer’s disease, C) Vascular dementia)

changes are associated with poor health outcomes [23,
24]. One cohort study including 11,607 individuals with
AD, VaD, and Lewy body dementia found that weight loss
was associated with increased mortality in AD (HR 1.07,
95% CI 1.02-1.15) and with a higher risk of emergency
hospitalization in all-cause dementia (HR 1.14, 95% CI
1.08-1.20) [9]. Another study that followed 43,721 Nor-
wegians aged 35-49 years at baseline for an average of 9
years reported that weight loss of > 10% during midlife
increased dementia-related mortality risk by 52%, and
5-10% weight loss increased it by 38% [14]. In another
prospective cohort study of 79 elderly adults with AD,
weight loss > 3 kg over 3 months was associated with a
significantly higher all-cause mortality risk (HR 3.82,
95% CI 1.37-10.63) [25]. Weight loss has been reported
to occur during the preclinical and prodromal stages of
dementia, and may reflect underlying disease progression
rather than a consequence of clinically overt dementia.
Consistent with these findings, our study revealed that
excessive weight loss was associated with the highest risk
of mortality among individuals with all-cause dementia,
AD, and VaD.

While weight gain is generally regarded as a potential
risk factor due to its association with unhealthy lifestyles
and metabolic disorders [26], which are known contribu-
tors to all-cause mortality [27], our findings indicate a
more complex relationship in the context of dementia.
Additionally, a recent study of 2,174 Chinese older adults

with cognitive impairment showed that higher BMI and
waist circumference were linked to a lower risk of mor-
tality [28]. Specifically, individuals who were underweight
before their dementia diagnosis and gained weight to
reach a normal BMI or who were overweight still showed
a significantly increased risk of mortality. This suggests
that weight gain from an underweight state does not fully
offset underlying vulnerabilities, such as frailty or disease
severity. Furthermore, those who changed from under-
weight to obese did not show a statistically significant
association with mortality risk, which may be attributed
to the small number of individuals in this subgroup who
underwent such significant weight changes, limiting the
statistical power. Meanwhile, patients with dementia
who maintained obesity or gained weight from normal
BMI to obesity after their dementia diagnosis showed a
modest reduction in mortality risk. This may reflect the
protective effect of higher energy reserves and nutri-
tional buffering in the face of progressive cognitive and
functional decline. In addition, weight maintenance or
minimal weight change among individuals with dementia
may reflect slower disease progression or better physical
function.

Several mechanisms can explain these associations.
First, excessive BMI change may be a potential indica-
tor when serious comorbidities lead to worse progno-
ses [24]. In particular, weight loss may be caused by
reduced food intake due to swallowing difficulties [29]
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Changesin  Inall-cause dementia In Alzheimer’s disease In vascular dementia
BMistatus Event HR(95%Cl) N Event HR(95%Cl) N Event HR(95% Cl)
Sex
Men U-Uu 375 191 1.63(1.41-1.89) 302 144 150 (1.27-1.78) 21 12 2.21(1.23-3.98)
U—-N 221 88 1.26 (1.02-1.55) 170 67 1.29 (1.01-1.65) 16 7 146 (0.69-3.13)
U-0 6 2 1.06 (0.26-4.23) 4 1 0.89 (0.13-6.31) 1 1 10.56 (1.47-76.09)
N—U 406 219 156 (1.36-1.79) 310 173 169 (145-198) 36 22 2.09 (1.34-3.26)
N—-N 7,745 2,566 1 (Ref) 6,006 1,969 1 (Ref) 706 229 1 (Ref)
N—O 787 229 0.89(0.78-1.02) 5% 164 087(0.74-1.02) 93 33 0.97 (0.67-1.40)
O-U 10 8 243 (1.22-4.86) 10 8 246 (123-494) - - -
O—-N 923 316 0.95 (0.85-1.07) 661 218 0.93(0.81-1.07) 116 48 1.26 (0.92-1.73)
0-0 2,512 561 0.69 (0.63-0.75) 1,959 441 069 (062-0.77) 283 56 0.64 (0.47-0.86)
Women U-UuU 604 197 1.84 (1.59-2.13) 489 147 1.76 (1.48-2.08) 42 22 267 (1.71-4.16)
U->N 420 126 1.70 (1 A42-2.04) 327 94 1.71(139-2.11) 24 7 1.29 (0.60-2.76)
U->0 6 3 1(087-843) 6 3 2.78(0.89-863) - - -
N—U 760 269 198 (1.74-224) 630 228 2.16 (1.88-248) 40 12 134 (0.74-2.41)
N—N 12,763 2,102 1 (Ref) 10,368 1,645 1 (Ref) 964 183 1 (Ref)
N-O 1568 195 079(0.68-091) 1260 153 078(066-092) 138 17 0.74(045-1.21)
0-U 18 7 182(0.86-382) 13 4 129(048-345) 4 3 550 (1.74-17.36)
O—-N 2,015 392 1.06 (0.95-1.18) 1,622 311 1.05(0.93-1.19) 168 28 0.87 (0.59-1.30)
0-0 6578 728 070(065-0.77) 5251 560 0.71(064-0.78) 568 69 0.67 (0.50-0.88)
P for 0.047 0.093 0611
interaction
Age (years)
40-64 U-U 70 18 324(200-525) 63 13 279(1.58-4.93) 3 2 7.37 (1.70-31.99)
U-—>N 56 7 1.57 (0.74-3.33) 36 7 302 (141-644) 7 0 -
U-0 - - - - - - - - -
N—-U 70 17 2.60 (1.59-4.28) 57 14 291(1.68-5.05) 3 1 3.25(0.43-24.69)
N—-N 2,121 193 1 (Ref) 1,588 141 1 (Ref) 240 19 1 (Ref)
N—O 311 25 1.03 (0.68-1.60) 215 13 0.83(047-146) 43 5 1.49 (0.55-3.99)
O-U 2 2 102.36 1 1 148.93 1 1 107.82
(25.43-411.94) (20.77-1067.82) (14.22-817.55)
O—-N 264 24 1.07 (0.70-1.64) 191 16 096 (0.57-161) 39 3 1.37 (041-4.65)
0-0 1,186 58 0.55(041-0.73) 880 40 0.52(0.36-0.74) 146 8 0.73 (0.32-1.66)
Age =65 U-UuU 909 370 1.67 (1.50-1.86) 728 278 1.57(1.39-1.78) 60 32 2.39(1.66-3.46)
U—-N 585 207 147 (1.28-1.69) 461 154 146 (1.25-1.72) 33 14 1.44 (0.84-2.46)
U-0 12 5 1.70 (0.71-4.09) 10 4 1.84 (0.69-4.90) 1 1 1040 (1.44-74.97)
N—-U 1,096 471 1.72 (1.56-1.89) 883 387 1.88(1.69-2.09) 73 33 1.71(1.20-2.45)
N—N 18,387 4475 1 (Ref) 14,786 3,473 1 (Ref) 1430 393 1 (Ref)
N—O 2,044 399 0.83 (0.75-0.92) 1,639 304 0.83 (0.74-0.93) 188 45 0.84 (0.61-1.14)
O—-U 26 13 1.79(1.04-3.08) 22 11 1.71(0.94-3.08) 3 2 3.89(0.96-15.79)
O—-N 2,674 684 1.00(0.93-1.09) 2,092 513 0.99 (090-1.09) 245 73 1.08 (0.84-1.39)
0-0 7,904 1,231 0.70 (0.66-0.75) 6,330 961 0.71 (0.66-0.76) 705 117 0.66 (0.53-0.81)
P for <0.001 <0.001 0.213
interaction
Type 2 diabetes
No U->U 832 318 1(152-192) 674 236 1.59(1.39-182) 52 29 2.78 (1.88-4.10)
U—-N 530 169 145 (1.24-1.69) 414 126 144 (1.20-1.72) 29 1 1.98 (1.08-3.63)
U—-0 8 4 224(084-598) 6 3 293(0.94-9.08) 1 1 10.29 (1.43-74.09)
N—U 917 356 1.70(1.52-190) 733 289 1.86 (1.65-2.11) 53 20 149 (0.94-2.35)
N—N 15542 3,233 1 (Ref) 12456 2,513 1 (Ref) 1218 272 1 (Ref)
N—O 1,697 255 0.79 (0.70-0.90) 1,332 191 0.78 (068-091) 162 28 0.76 (0.51-1.12)
O-U 21 12 2.56 (1.45-4.51) 16 9 230(1.20-443) 4 3 560 (1.78-17.65)
O—-N 1,920 410 1.02 (O 92-1.13) 1,491 304 1.00 (0.89-1.13) 184 45 1.08 (0.79-1.49)
0-0 6,091 759 1(066-0.77) 4,833 595 0.73 (0.66-0.80) 547 66 0.62 (047-0.82)
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Table 4 (continued)
Changesin  Inall-cause dementia In Alzheimer’s disease In vascular dementia
BMIstatus Event  HR(95% Cl) N Event HR(95% Cl) N Event HR(95% Cl)
Yes U-Uu 147 70 1.79 (1.41-2.28) 17 55 1.76 (1.34-2.31) 1 5 1.56 (0.64-3.84)
U—=N 1 45 161(1.20-217) 83 35 1.81(1.29-254) 11 3 0.64 (0.20-2.03)
U-0 4 1 0.83(0.12-5.92) 4 1 0.85(0.20-6.02) - -
N—U 249 132 195(1.63-233) 207 112 210(1.73-2.55) 23 14 229 (1.32-4.00)
N—N 4966 1435 1 (Ref) 3918 1,101 1 (Ref) 452 140 1 (Ref)
N-O 658 169 093(0.79-1.09) 522 126 0.90(0.75-1.08) 69 22 1.08 (0.69-1.69)
O-U 7 3 1.20(0.39-371) 7 3 1.23(0.39- 381) - - -
O—N 1018 298 099 (0.87-1.12) 792 225 098(0.85-1.13) 100 31 1.10 (0.75-1.63)
0-0 2999 530 067 (061-0.75) 2377 406 0.66 (0.59-0. 74) 304 59 0.71(0.52-0.97)
P for 0417 0329 0.269
interaction

Data are expressed as hazard ratios (95% confidence intervals) calculated using a multivariable Cox hazards regression model adjusted for age, sex, place of residence,
income, smoking status, alcohol consumption, physical activity, hypertension, type 2 diabetes, dyslipidemia, chronic kidney disease, disability, the number of anti-

dementia medications, and interval between two health screening

Abbreviations: BMI body mass index, HR hazard ratio, C/ confidence interval, U underweight, N normal weight or overweight, O obese

and is an important clinical marker of severe dementia
[30]. In addition, weight change may reflect rapid cogni-
tive decline and increased neuropsychiatric symptoms
[31], both of which are associated with the progression
of dementia. A possible biological pathway involves adi-
pocyte-derived leptin in the central nervous system; the
decreased number and function of leptin were associated
with cognitive decline in severe AD because leptin leads
to reduced amyloid-pf production and tau phosphory-
lation [32]. Finally, body weight fluctuation can affect
homeostasis of blood pressure and blood glucose levels
[33], which are significantly associated with poor health
outcomes [34].

Interestingly, in our subgroup analysis, the associa-
tion between changes in BMI in all-cause dementia and
mortality risk was more pronounced in middle-aged indi-
viduals than in older adults. This may reflect a stronger
physiological impact of weight change at a younger age,
possibly indicating a more aggressive disease course
or an atypical presentation of dementia, such as early-
onset types [35]. Younger individuals may also have more
comorbidities that amplify the negative impact of weight
loss [36]. Among patients with AD, the associations were
stronger in women, which could be attributed to sex dif-
ferences in body composition, hormonal changes, and
lower baseline muscle mass [37], making them more
vulnerable to malnutrition. In patients with VaD, pro-
nounced associations in middle-aged adults may reflect
the greater clinical burden of vascular risk factors, such
as diabetes and hypertension, which could interact with
weight changes to worsen outcomes [38]. However, fur-
ther studies are required to elucidate the precise mecha-
nisms underlying these associations.

Our study had several limitations. First, owing to the
observational nature of the study, reverse causality can-
not be excluded. Second, although the mean follow-up

duration of 4.1 years may appear relatively short, it is
likely sufficient given the typically rapid progression and
limited survival of patients with dementia. Third, it was
unclear whether observed weight changes were inten-
tional or unintentional, which may have affected mortal-
ity outcomes differently, given the claims-based nature of
the data. In addition, because the number of participants
in certain extreme weight change groups was small (e.g.,
obese to underweight or underweight to obese), corre-
sponding estimates were imprecise with wide confidence
intervals and should be interpreted with caution. Fourth,
residual confounding factors, such as dietary data, may
exist due to unmeasured variables not included in the
NHIS database. Additionally, the NHIS database does not
include direct measures of sarcopenia or body composi-
tion, such as dual-energy X-ray absorptiometry, there-
fore, we were unable to distinguish between loss of fat
mass and loss of muscle mass, which may be particularly
relevant in older adults with dementia. Fifth, lifestyle fac-
tors were assessed using self-reported questionnaires and
may therefore be subject to recall bias, especially after a
dementia diagnosis, however, caregiver assistance may
have partially reduced misclassification. Finally, the anal-
ysis was limited to a subset of individuals with available
health screening data before and after dementia diagno-
sis, which was required to evaluate longitudinal changes
in BMI and may reduce generalizability.

Nevertheless, this study had several notable strengths.
Our study utilized a large-scale, population-based Korean
database, thereby offering stronger generalizability and
more nuanced insights into BMI trajectories and mortal-
ity outcomes in patients with dementia. We adjusted for
a wide range of potential confounding variables, includ-
ing sociodemographic factors, comorbidities, health
behaviors, and dementia severity, which enhanced the
robustness of our findings. Furthermore, we examined
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BMI changes both before and after dementia diagnosis
for the first time. This longitudinal approach allowed us
to capture the dynamic nature of body weight trajecto-
ries in patients with dementia and to better reflect real-
world clinical scenarios. In addition, we stratified the
analyses by dementia subtype and conducted subgroup
analyses by age, sex, and type 2 diabetes to provide more
detailed and clinically meaningful interpretations. This
comprehensive analysis offers new insights into how
weight changes during the critical transition period at
the time of dementia diagnosis may influence the long-
term mortality risk. Collectively, our findings offer new
insights into how BMI changes during the critical tran-
sition period surrounding dementia diagnosis may influ-
ence mortality risk.

In conclusion, this large-scale cohort study suggests
that sustained underweight and excessive weight loss
before and after dementia diagnosis are associated with
increased all-cause mortality, with body weight inter-
preted as a surrogate marker of underlying health status
rather than a causal factor. Conversely, relatively stable or
modest weight gain was associated with lower mortality
risk. These findings underscore the clinical importance of
minimizing unintended weight loss, preventing undernu-
trition, and maintaining stable or slightly higher weight
as part of comprehensive dementia care.
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