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Background-—Epidemiological evidence implies a link between heart disease and dementia. However, few prospective studies
have assessed the association between serum NT-proBNP (N-terminal pro–B-type natriuretic peptide) levels and dementia.

Methods and Results-—A total of 1635 community-dwelling Japanese elderly aged ≥60 years without dementia (57% women,
mean age�SD 70.8�7.7 years) were followed up for 10 years. Serum NT-proBNP levels were divided into 4 categories (≤54, 55-
124, 125-299, and ≥300 pg/mL). The hazard ratios were estimated using a Cox proportional hazards model. During the follow-up
period, 377 subjects developed all-cause dementia, 247 Alzheimer disease, and 102 vascular dementia. The age- and sex-adjusted
incidence of all-cause dementia was 31.5 per 1000 person-years and increased significantly with higher serum NT-proBNP levels,
being 16.4, 32.0, 35.7, and 45.5, respectively (P for trend <0.01). Subjects with serum NT-proBNP levels of ≥300 pg/mL had a
significantly higher risk of all-cause dementia (hazard ratio=2.46, 95% CI 1.63-3.71) than those with serum NT-proBNP levels of
≤54 pg/mL after adjusting for confounders. Similar risks were observed for Alzheimer disease and vascular dementia.
Incorporation of the serum NT-proBNP level into a model with known risk factors for dementia significantly improved the predictive
ability for incident dementia (c-statistics 0.780-0.787, P=0.02; net reclassification improvement 0.189, P=0.001; integrated
discrimination improvement 0.011, P=0.003).

Conclusions-—Higher serum NT-proBNP levels were significantly associated with an increased risk of dementia. Serum NT-proBNP
could be a novel biomarker for predicting future risk of dementia in the general elderly population. ( J Am Heart Assoc. 2019;8:
e011652. DOI: 10.1161/JAHA.118.011652.)
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D ementia is a major cause of disability among the elderly,
and its medical and economic burdens on society have

been increasing worldwide.1 Recent epidemiological studies
have reported that lifestyle-related diseases such as

hypertension,2 diabetes mellitus,3 and obesity4 as well as
lifestyle factors such as smoking habits,5 dietary patterns,6

and physical activity7 are associated with the risk of
developing dementia. However, the influence of these factors
on dementia, especially Alzheimer disease (AD), remains
incompletely understood.

Heart disease is a major cause of disability and premature
death among the elderly.8 Circulatory failure and vascular
insufficiency that are caused by heart disease and its risk
factors have the potential to impair function in various organs,
including the brain. Several prospective studies have shown a
close association between chronic heart failure and the risk of
dementia.9-11 In addition, interventional studies revealed that
treatment to increase cardiac output improved the cognitive
function in patients with severe heart failure.12,13 These
findings imply a link between heart disease and dementia.

NT-proBNP (N-terminal pro–B-type natriuretic peptide) is an
inactive N-terminal fragment of proBNP with 76 amino acids
and is released as a prohormone from ventricular myocytes in
response to mechanical stretch and ischemic injury.14 Serum
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NT-proBNP is acknowledged to be a diagnostic biomarker for
evaluating the severity of heart failure15,16 and a predictive
biomarker for cardiovascular events.17 It has also been
associated with subclinical heart disease among asymptomatic
individuals.18 Interestingly, several cross-sectional studies
reported that elevated serum NT-proBNP levels are associated
with cognitive impairment or brain microstructure change.19,20

In addition, previous population-based prospective studies
conducted in Western populations showed a significant asso-
ciation between serum NT-proBNP levels and the development
of dementia.21,22 However, there has been only 1 study
addressing the association of NT-proBNP levels with dementia
subtypes, such as AD and vascular dementia (VaD).22 In
addition, only 1 prospective cohort study has investigated
whether serum NT-proBNP could be a potential biomarker for
predicting the future development of dementia.21 The objec-
tives of this study were therefore to evaluate the association
between serum NT-proBNP levels and risk for the development
of dementia in a general elderly Japanese population and to
clarify whether the incorporation of serum NT-proBNP levels
into the predictive model can improve its ability to predict
incident dementia.

Methods
The data, analytic methods, and study materials will not be
made available to other researchers for purposes of repro-
ducing the results or replicating the procedure.

Study Population
The Hisayama Study is an ongoing population-based prospec-
tive cohort study in the town of Hisayama, a suburb of the
Fukuoka metropolitan area in the southern part of Japan. Full

community surveys of the residents have been repeated since
1961 to determine the prevalence and incidence of cerebro-
and cardiovascular diseases and their risk factors in
Japanese.23 In addition, since 1985, comprehensive surveys
of dementia in the elderly of this town have been conducted
every 6 or 7 years.24 In 2002 a total of 1760 residents aged
60 and older (participation rate 83.4%) underwent a screening
examination for the present study. After exclusion of 122
subjects with dementia at baseline and 3 without available
data on NT-proBNP in serum, the remaining 1635 individuals
(705 men and 930 women) were enrolled in this study.

Follow-Up Survey
The subjects were followed prospectively from when they
underwent a screening examination to November 2012
(median follow-up period 10.2 years, interquartile range 7.2-
10.3 years). Detailed methods for screening potential demen-
tia events have been reported in our previous studies.23,24 In
brief, information about new events, including stroke and
dementia, was collected through a daily monitoring system
established by the study team, local physicians, and members
of the town’s Health and Welfare Office. In this system the
physicians in the study team visited clinics, hospitals, and the
town’s office regularly to collect information on events of
stroke and dementia, including suspected cases. Regular
health examinations were performed annually to obtain
information on events. Letters or telephone calls were made
to collect the health information of subjects who did not
undergo regular examinations or who had moved out of town.
In addition to the regular examination, follow-up screening
surveys of dementia were conducted in 2005 and 2012.24

When new neurological symptoms, including cognitive impair-
ment, were suspected, the study physician and psychiatrist
carefully evaluated the participant, conducting comprehensive
investigations including interviews of the family or attending
physician, physical and neurological examinations, and a
review of the clinical records. In addition, when a subject died,
we collected and fully examined all the available medical
information, including data on cognitive function, activities of
daily living, and brain imaging; we interviewed the family and
attending physician of the deceased; and we tried to obtain
permission for autopsy from the family. Causes of death were
classified according to the International Classification of
Diseases, 10th Revision (ICD-10) as follows: cardiovascular
death (ICD-10 code of I00-I99), cancer death (ICD-10 code of
C00-C97), respiratory infection death (ICD-10 codes of J00-
J22, J69, and J85-J86), and death from other causes.25 During
the follow-up period, 370 subjects died: there were 98 (26.5%)
deaths from cardiovascular causes, 124 (33.5%) from cancer,
59 (15.9%) from respiratory infection, and 89 (24.1%) from
other causes (diseases of the digestive system, external

Clinical Perspective

What Is New?

• This prospective cohort study of a general Japanese
population demonstrated a significant association between
increased serum NT-proBNP (N-terminal pro–B-type natri-
uretic peptide) levels and the development of dementia and
its subtypes.

• Incorporation of serum NT-proBNP values into a model with
known risk factors for dementia significantly improved the
predictive ability for incident dementia.

What Are the Clinical Implications?

• Serum NT-proBNP may be a useful biomarker for evaluating
future risk of dementia, especially Alzheimer disease.
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causes, and other disease). Among the 370 decedents, 237
underwent brain examination at autopsy. Except for the
deceased subjects, no subject was lost to follow-up through
November 2012.

Diagnosis of Dementia
The diagnosis of dementia was made based on the guidelines
of the Diagnostic and Statistical Manual of Mental Disorders,
Third Edition, Revised.26 Subjects diagnosed as having AD met
the diagnostic criteria of the National Institute of Neurological
and Communicative Disorders and Stroke and the Alzheimer’s
Disease and Related Disorders Association,27 and subjects
diagnosed with VaD met the criteria of the National Institute
of Neurological Disorders and Stroke–Association Interna-
tionale pour la Recherche et l’Enseignement en Neuro-
sciences.28 Clinical information, including neuroimaging, was
used to determine possible and probable dementia subtypes.
Definite dementia subtypes were also determined based on
clinical and neuropathological information in subjects with
dementia who underwent brain autopsy. The diagnostic
procedure for autopsy cases was reported previously.29 Every
dementia case was adjudicated by expert stroke physicians
and psychiatrists.

Measurement of NT-proBNP
At the screening examination, serum samples were collected
and frozen at �80°C. In 2009 we thawed these serum
samples to measure the NT-proBNP levels. NT-proBNP levels
were quantified with a second-generation commercial kit, the
Elecsys proBNP Immunoassay,30 on an Elecsys 2010 platform
(Roche Diagnostics, Risch, Switzerland). Serum NT-proBNP
levels were divided into 4 categories according to the current
guidelines and prior reports: ≤54, 55 to 124, 125 to 299, and
≥300 pg/mL.15,16,31

Risk Factor Measurements
At the baseline examination each subject completed a self-
administered questionnaire regarding smoking habits, alcohol
intake, regular exercise, educational status, medical history,
and treatment of hypertension, diabetes mellitus, and
hypercholesterolemia. The questionnaire was checked by
trained interviewers. Smoking habits and alcohol intake were
classified as either current habitual use or not. Subjects
engaging in sports at least 3 times a week during their leisure
time were defined as the regular exercise group. A low
education level was defined as ≤9 years of formal education.
Cardiovascular disease was defined as coronary heart
disease and stroke. History of cancer was defined by using
a self-reported questionnaire. Body height and weight were

measured in light clothing without shoes, and body mass
index (BMI) was calculated. Obesity was defined as a BMI
level of ≥25 kg/m2 according to the criteria of the Japan
Society for the Study of Obesity.32 Blood pressure was
obtained 3 times using an automated sphygmomanometer
after rest for at least 5 minutes in the sitting position. The
mean of the 3 measurements was used in the present
analysis. Hypertension was defined as blood pressure ≥140/
90 mm Hg and/or current use of antihypertensive agents.
Use of heart disease agents was defined as taking any of the
following: diuretics, nitrates, antiarrhythmic agent, or digitalis.
A total of 585 subjects used antihypertensive agents: 490
used calcium channel blockers, 133 used angiotensin-
converting enzyme inhibitors, 141 used angiotensin II recep-
tor blockers, 128 used b-blockers, and 86 used a-blockers.
Among the 181 subjects administered heart disease medi-
cations, 68 used diuretics, 75 used nitrates, 35 used
antiarrhythmic agents, and 44 used digitalis. Plasma glucose
levels were measured by the hexokinase method, and
diabetes mellitus was determined by plasma glucose levels
(fasting glucose level ≥7.0 mmol/L or postprandial glucose
level ≥11.1 mmol/L), or a 75-g oral glucose tolerance test
according to the 1998 World Health Organization criteria33

and/or by the use of oral hypoglycemic agents or insulin
(n=136). Serum total cholesterol levels were measured
enzymatically, and hypercholesterolemia was defined as a
total cholesterol level of ≥5.69 mmol/L and/or use of lipid-
lowering drugs. Serum creatinine concentrations were mea-
sured using an enzymatic method, and the estimated
glomerular filtration rate (eGFR) was calculated using the
Japanese coefficient-modified Chronic Kidney Disease Epi-
demiology Collaboration equation.34 Chronic renal failure was
defined as eGFR <15 mL/min per 1.73 m2. Atrial fibrillation
was defined as the presence of Minnesota Code 8-3 on
electrocardiogram. History of stroke was defined on the basis
of all clinical data available in the Hisayama Study. Serum HS-
CRP (high-sensitivity C-reactive protein) was measured in the
frozen serum portion thawed in 2004 using a modified
version of the Behring Latex-Enhanced CRP assay on a
Behring Nephelometer BN-100 (Behring Diagnostics, West-
wood, MA). High HS-CRP was defined as a serum HS-CRP
level ≥1.0 mg/L.35

Statistical Analysis
Serum NT-proBNP and serum HS-CRP were transformed into
logarithms to improve the skewed distribution for the
analysis. The linear trends in the proportions of risk factors
across serum NT-proBNP levels were tested using a Cochran-
Armitage test. To examine the linear trends in the mean
values, a linear regression analysis was used, where the
variable of serum NT-proBNP levels assigned ordinal numbers
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(ie, 1, 2, 3, 4) was included in the relevant model. The age-
and sex-adjusted cumulative incidence of outcomes across
serum NT-proBNP levels was estimated on the basis of
regression estimates from a Cox proportional hazards model
including age and sex.36 The assumption of the proportional
hazards was checked graphically using the log cumulative
hazard plots for each dementia subtype according to serum
NT-proBNP levels. The incidence rate of dementia was
calculated by the person-year method with adjustment for
age and sex by the direct method. The hazard ratios (HRs)
with their 95% CIs according to serum NT-proBNP levels for
the development of dementia and its subtypes were estimated
using a Cox proportional hazards model. We evaluated 3
different models: (1) model 1, adjusted for age and sex; (2)
model 2, adjusted for age, sex, education level, systolic blood
pressure, use of antihypertensive agents, use of heart disease
agents, diabetes mellitus, hypercholesterolemia, BMI, eGFR,
atrial fibrillation, history of stroke, smoking habit, alcohol
intake, and regular exercise; and (3) model 3, adjusted for the
covariates included in model 2 plus log-transformed serum
HS-CRP.

A 1-SD increment of the log-transformed serum NT-proBNP
was used to estimate the association between NT-proBNP
taken as a continuous variable and the risk of dementia. The
heterogeneity in the association among subgroups was tested
by adding multiplicative interaction terms to the relevant Cox
model, where interaction terms were calculated as log-
transformed serum NT-proBNP levels multiplied by each term
of covariates. To compare the discrimination ability for the
development of dementia between the models adjusted for
potential risk factors with and without serum NT-proBNP
levels, the consistency in the Harrell's c-statistics37 among
models was estimated using a crossfold validation approach,
as described by Newson.38 The increased predictive ability of
serum NT-proBNP was further examined with 2 measures:
continuous and categorical net reclassification improvement
(NRI)39,40 and integrated discrimination improvement (IDI).39

For the evaluation of categorical NRI, we classified the
probability of the risk of dementia over 10 years into clinically
meaningful categories of <25%, 25 to 50%, and >50%. The
individual probabilities were estimated by using the Cox
proportional hazards model. A 2-sided value of P<0.05 was
considered to be statistically significant in all analyses. All
statistical analyses were performed with the SAS statistical
software program, version 9.4 (SAS Institute, Cary, NC), and
Stata version 14.0 (StataCorp, College Station, TX).

Ethical Considerations
This study was conducted with the approval of the Kyushu
University Institutional Board for Clinical Research. Written
informed consent was obtained from all subjects.

Results
The baseline characteristics of the study population accord-
ing to serum NT-proBNP levels are summarized in Table 1.
The mean age, systolic blood pressure, and serum HS-CRP
and the proportions of female sex, low education, hyperten-
sion, use of antihypertensive agents, use of heart disease
agents, chronic renal failure, atrial fibrillation, history of
stroke, history of cardiovascular disease, and history of
cancer increased significantly with elevated serum NT-
proBNP levels. Conversely, the mean values of BMI and
eGFR and the proportions of hypercholesterolemia, obesity,
smoking habits, and alcohol intake decreased significantly
with higher serum NT-proBNP levels. During the follow-up
period, 377 subjects (138 men and 239 women) developed
all-cause dementia; 336 were evaluated by brain imaging, 94
by brain autopsy (the agreement rate between the clinical
and the neuropathological diagnosis was 0.79), and 83 by
both. Thus, 347 subjects (92.0%) underwent some form of
morphological examination. Among dementia subjects, 17
subjects had a mixed type of AD and VaD, and these cases
were counted as events in the analysis for each subtype.
Including these subjects, 247 subjects had AD and 102 had
VaD.

Figure demonstrates the age- and sex-adjusted cumulative
incidence of dementia and its subtypes according to serum
NT-proBNP levels. The incidences of all-cause dementia, AD,
and VaD increased significantly with higher serum NT-proBNP
levels (all P for trend <0.01). Table 2 shows the estimated
HRs and 95% CIs for the development of dementia and its
subtypes according to serum NT-proBNP levels. After adjust-
ment for age, sex, educational level, systolic blood pressure,
use of antihypertensive agents, use of heart disease agents,
diabetes mellitus, hypercholesterolemia, BMI, eGFR, atrial
fibrillation, history of stroke, smoking habits, alcohol intake,
and regular exercise (model 2), the risk of developing all-
cause dementia, AD, and VaD increased significantly with
higher serum NT-proBNP levels (all P for trend <0.01). These
associations did not change substantially even after adjust-
ment for HS-CRP in addition to the abovementioned con-
founding factors (model 3): the multivariable-adjusted HRs of
all-cause dementia, AD, and VaD were significantly higher in
subjects with serum NT-proBNP levels of ≥300 pg/mL than in
those with serum NT-proBNP levels of ≤54 pg/mL (HR=2.46,
95% CI=1.63-3.71 for all-cause dementia; HR=2.43, 95%
CI=1.41-4.16 for AD; and HR=3.55, 95% CI=1.64-7.72 for
VaD). When estimating the risk of developing dementia per
1-SD increment in log-transformed serum NT-proBNP levels,
the HRs of all-cause dementia, AD, and VaD increased
significantly with higher serum NT-proBNP levels (HR=1.38,
95% CI=1.21-1.58, P<0.001 for all-cause dementia; HR=1.35,
95% CI=1.14-1.59, P<0.001 for AD; and HR=1.51, 95%
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CI=1.19-1.93, P<0.001 for VaD) after adjustment for con-
founding factors.

The sensitivity analysis by categorizing serum NT-proBNP
levels into quartiles also showed a significant positive
association of serum NT-proBNP levels with the risk of all-
cause dementia, AD, and VaD (Table S1). In addition, we
investigated the association of serum NT-proBNP levels with
the risk of dementia with and without incident cardiovascular
disease before the onset of dementia during the follow-up
period among subjects without a history of cardiovascular
disease and/or dementia at baseline. The results showed that
higher serum NT-proBNP levels were associated with
increased risk of dementia, regardless of the presence or
absence of the onset of cardiovascular disease during follow-
up (Table S2). Similar significant associations were also

observed between serum NT-proBNP levels and risk of
dementia with and without incident diabetes mellitus before
the onset of dementia during the follow-up period among
subjects without a history of diabetes mellitus and/or
dementia at baseline (Table S3). A supplementary analysis
focused on mortality risk showed that a 1-SD increment in
log-transformed serum NT-proBNP levels was significantly
associated with a higher risk of all-cause death (multivariable-
adjusted HR=1.37, 95% CI=1.21-1.56, P<0.001).

Next, we estimated the multivariable-adjusted HRs of
dementia per 1-SD increment in log-transformed NT-proBNP
levels in subgroups of potential risk factors for dementia
(Table 3). There was no evidence of heterogeneity in the
association of serumNT-proBNP levels with the risk of dementia
between subjects with and those without other risk factors.

Table 1. Clinical Characteristics of Study Subjects According to Serum NT-proBNP Levels at Baseline, 2002

NT-proBNP Levels (pg/mL)

P for Trend≤54 (n=514) 55 to 124 (n=595) 125 to 299 (n=336) ≥300 (n=190)

Age, mean (SD), y 67 (5) 70 (7) 74 (8) 77 (9) <0.001

Female sex, % 46.9 62.9 63.7 53.2 0.002

Education ≤9 y, % 42.0 52.5 65.5 60.5 <0.001

Systolic BP, mean (SD), mm Hg 133 (18) 137 (20) 142 (23) 143 (23) <0.001

Diastolic BP, mean (SD), mm Hg 79 (11) 79 (11) 80 (13) 78 (12) 0.34

Hypertension, % 49.2 57.5 66.7 75.8 <0.001

Use of antihypertensive agents, % 28.2 34.5 38.4 55.8 <0.001

Use of heart disease agents, % 5.6 7.6 11.6 35.8 <0.001

Diabetes mellitus, % 20.8 22.5 22.0 23.2 0.52

Hypercholesterolemia, % 43.4 44.0 37.5 29.0 <0.001

BMI, mean (SD), kg/m2 23.6 (2.9) 23.2 (3.3) 22.5 (3.4) 22.0 (3.3) <0.001

Obesity, % 30.7 27.4 23.5 20.0 0.001

eGFR, mean (SD), mL/min per 1.73 m2 75 (9) 73 (9) 69 (12) 60 (19) <0.001

Chronic renal failure, % 0.0 0.0 0.0 4.7 <0.001

Atrial fibrillation, % 0.0 0.0 0.9 16.3 <0.001

History of stroke, % 3.3 3.9 7.1 13.7 <0.001

History of cardiovascular disease, % 5.1 5.4 9.2 17.9 <0.001

History of cancer, % 7.2 8.1 11.0 11.6 0.02

Smoking habits, % 17.3 14.6 14.6 10.5 0.03

Alcohol intake, % 42.0 33.8 33.3 29.0 <0.001

Regular exercise, % 13.2 13.1 11.9 10.5 0.33

Serum HS-CRP, median (interquartile range), mg/L 0.5 (0.3-1.1) 0.5 (0.3-1.0) 0.6 (0.3-1.8) 1.0 (0.4-1.8) <0.001

Serum HS-CRP ≥1.0 mg/L, % 28.0 25.4 36.6 47.4 <0.001

Hypertension was defined as blood pressure ≥140/90 mm Hg and/or current use of antihypertensive agents. Heart disease agents were defined as diuretics, nitrates, antiarrhythmic
agents, and digitalis. Hypercholesterolemia was defined as serum total cholesterol ≥5.69 mmol/L and/or use of lipid-lowering drugs. Obesity was defined as a BMI level of ≥25 kg/m2.
Chronic renal failure was defined as eGFR <15 mL/min per 1.73 m2. Atrial fibrillation was defined as Minnesota Code 8-3 on electrocardiography. Cardiovascular disease was defined as
coronary heart disease and stroke. Smoking habits and alcohol intake were classified as current use or not. Regular exercise was defined as engaging in sports at least 3 times per week
during leisure time. BMI indicates body mass index; BP, blood pressure; eGFR, estimated glomerular filtration rate; HS-CRP, high-sensitivity C-reactive protein; NT-proBNP, N-terminal pro–
B-type natriuretic peptide.
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To evaluate the influence of serum NT-proBNP on the
accuracy of risk assessment for the development of dementia,
we evaluated the Harrell's c-statistics, categorized NRI,
continuous NRI, and IDI between models with and without
serum NT-proBNP values (Table 4 and Table S4). The Harrell's
c-statistics increased significantly when serum NT-proBNP
values were added to the relevant model (from 0.780 [95% CI
0.758-0.803] to 0.787 [95% CI 0.765-0.809], P=0.02).
Moreover, adding serum NT-proBNP values to the model also
significantly improved the predictive ability of categorized NRI,
continuous NRI, and IDI; categorized NRI was estimated as
0.062 (ZNRI=3.21, P=0.001), continuous NRI was estimated as
0.189 (ZNRI=3.22, P=0.001), and the IDI was estimated as
0.011 (ZIDI=3.03, P=0.003). When serum NT-proBNP values
were added to the models by using the Framingham or CAIDE
(Cardiovascular Risk Factors, Aging, and Incidence of Demen-
tia) risk score,41,42 the Harrell’s c-statistics, continuous NRI,

and IDI of each model were also improved significantly
(Table S5).

Discussion
In this prospective study of a general Japanese elderly
population, we clearly demonstrated that the risks for the
development of all-cause dementia, AD, and VaD increased
significantly with elevated serum NT-proBNP levels. These
associations remained unchanged even after adjustment for
confounding factors. Moreover, the incorporation of serum
NT-proBNP values into a model with potential risk factors
significantly improved the predictive ability for incident
dementia. These findings suggest that serum NT-proBNP is
a novel biomarker for the future development of dementia.

Several population-based prospective studies have shown
that chronic heart failure and left ventricular dysfunc-
tion are associated with an increased risk of developing
dementia.9-11,43,44 In addition, 2 prospective studies have
assessed the association between serumNT-proBNP levels and
the risk of developing dementia. The National FINRISK Study21

and the Rotterdam Study22 found that elevation of serum NT-
proBNP levels was significantly associated with the incidence of
all-cause dementia, and our findings were in agreement with
these studies. With regard to subtypes of dementia, the
Rotterdam Study revealed significant associations of serumNT-
proBNP levels with the risk of all-cause dementia, but not AD
and VaD.22 However, the association tended to be positive for
both subtypes, which may have been due to the lack of
sufficient statistical power in the analysis, as the authors have
discussed.22 In contrast, the present study showed a significant
association between higher serum NT-proBNP levels and the
development of AD and VaD. Considering the limited evidence
on the association between serum NT-proBNP levels and
dementia subtypes, this association should be confirmed by
further prospective investigations and/or meta-analyses of the
relevant studies.

One possible explanation for our observation of a signif-
icant association between serum NT-proBNP and the risk of
dementia is that an elevation of serum NT-proBNP levels may
reflect the accumulation of vascular risk factors, which in turn
could indicate brain and heart injury.45 Vascular risk factors
are known to increase the risk of both heart diseases46 and
dementia.47 The Rotterdam Study19 and the AGES (Age,
Gene/Environment Susceptibility) –Reykjavik Study20 have
reported that higher serum NT-proBNP levels were closely
associated with white matter microstructural damage and
brain atrophy in community-dwelling subjects without cere-
brocardiovascular disease and dementia. Certainly, the pre-
sent study found that higher serum NT-proBNP was linked
with a higher risk of dementia in subjects with prior onset of
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Figure. Age- and sex-adjusted cumulative incidence of all-cause
dementia, Alzheimer disease, and vascular dementia according to
serum NT-proBNP (N-terminal pro–B-type natriuretic peptide)
levels. *P values for trend <0.01.
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cardiovascular disease or diabetes mellitus. However, it has
also been shown that subjects with increased serum NT-
proBNP levels have a greater risk of dementia, even without
prior onset of cardiovascular disease and diabetes mellitus,
which may suggest that other explanations exist. Long-term
decline in cardiac function may lead to hypoperfusion of the
brain and thereby development of dementia via microvascular
disease and neurodegeneration. Although cerebral blood flow
is usually preserved by cerebral autoregulation, clinical and
experimental studies have reported that cerebral blood flow is
decreased in subjects with chronic heart failure.48,49 Chronic
cerebral hypoperfusion induces oxidative stress, impairs the
clearance of amyloid-b, and thereby accelerates neuronal
dysfunction and apoptosis via deposition of amyloid-b or
neurovascular damage.50 Moreover, the biomarkers of
systemic inflammation have been reported to be linked to
higher serum NT-proBNP levels,51 as was also observed in the

present study. Because there is growing evidence that in-
flammatory response could play an important role in the early
stage of the pathological cascade of dementia,52 we inves-
tigated the influence of systemic inflammation on the
association between serum NT-proBNP levels and dementia
risk, but we found that adjusting the model for the serum HS-
CRP levels did not attenuate the significant associations.
Nevertheless, these results can not completely exclude the
potential role of types of neuroinflammation, such as
microglial inflammation,53 on the association between serum
NT-proBNP level and dementia risk because the serum HS-
CRP level is not a good indicator of inflammatory responses in
the brain. Further investigations are needed to clarify the
pathogenesis of elevated serum NT-proBNP levels in the
development of dementia and its subtypes.

In this study we showed significant improvement of the
predictive abilities of c-statistics, NRI, and IDI by adding

Table 2. Risk of Dementia and Its Subtypes According to Serum NT-proBNP Levels, 2002-2012

NT-proBNP (pg/mL) People at Risk No. of Events
Crude Incidence
Per 1000 Person-Years

Hazard Ratio (95% CI)

Model 1 Model 2 Model 3

All-cause dementia

≤54 514 55 11.2 1.00 (reference) 1.00 (reference) 1.00 (reference)

55 to 124 595 141 27.0 1.76 (1.28-2.41) 1.66 (1.21-2.29) 1.66 (1.21-2.29)

125 to 299 336 111 42.1 2.03 (1.44-2.85) 1.65 (1.16-2.34) 1.69 (1.19-2.39)

≥300 190 70 61.0 3.02 (2.08-4.37) 2.38 (1.58-3.58) 2.46 (1.63-3.71)

P for trend <0.001 <0.001 <0.001

1-SD increment in log
(serum NT-proBNP levels)

1635 377 27.1 1.43 (1.29-1.59) 1.36 (1.20-1.55) 1.38 (1.21-1.58)

Alzheimer disease

≤54 514 32 6.5 1.00 (reference) 1.00 (reference) 1.00 (reference)

55 to 124 595 104 19.9 2.03 (1.36-3.04) 2.00 (1.33-3.00) 2.00 (1.33-2.99)

125 to 299 336 75 28.5 2.03 (1.32-3.13) 1.82 (1.17-2.84) 1.90 (1.22-2.96)

≥300 190 36 31.4 2.41 (1.47-3.96) 2.23 (1.31-3.82) 2.43 (1.41-4.16)

P for trend 0.001 0.01 0.003

1-SD increment in log
(serum NT-proBNP levels)

1635 247 17.8 1.30 (1.13-1.49) 1.30 (1.11-1.53) 1.35 (1.14-1.59)

Vascular dementia

≤54 514 13 2.6 1.00 (reference) 1.00 (reference) 1.00 (reference)

55 to 124 595 28 5.4 1.72 (0.88-3.36) 1.57 (0.81-3.07) 1.57 (0.81-3.07)

125 to 299 336 35 13.3 3.53 (1.81-6.88) 2.51 (1.26-4.99) 2.52 (1.26-5.03)

≥300 190 26 22.6 5.92 (2.94-11.90) 3.54 (1.63-7.68) 3.55 (1.64-7.72)

P for trend <0.001 <0.001 <0.001

1-SD increment in log
(serum NT-proBNP levels)

1635 102 7.3 1.71 (1.42-2.05) 1.51 (1.18-1.92) 1.51 (1.19-1.93)

The SD of log-transformed NT-proBNP levels (pg/mL) was 1.058. Model 1: adjusted for age and sex. Model 2: adjusted for age, sex, education level, systolic blood pressure, use of
antihypertensive agents, use of heart disease agents, diabetes mellitus, hypercholesterolemia, body mass index, estimated glomerular filtration rate, atrial fibrillation, history of stroke,
smoking habit, alcohol intake, and regular exercise. Model 3: adjusted for the covariates included in model 2 plus high-sensitivity C-reactive protein. NT-proBNP indicates N-terminal pro–B-
type natriuretic peptide.
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Table 3. Multivariable-Adjusted Hazard Ratios for Development of Dementia Owing to a 1-SD Increment in Log-Transformed
Serum NT-proBNP Levels by Presence or Absence of Other Cardiovascular Risk Factors, 2002-2012

Variables People at Risk No. of Events Hazard Ratio (95% CI) P for Heterogeneity

Age

<75 y 1137 155 1.46 (1.21-1.76) 0.43

≥75 y 498 222 1.47 (1.25-1.73)

Sex

Men 705 138 1.42 (1.20-1.69) 0.43

Women 930 239 1.51 (1.26-1.81)

Education

≤9 y 840 247 1.47 (1.26-1.73) 0.87

>9 y 750 125 1.37 (1.11-1.69)

Hypertension

No 672 127 1.44 (1.13-1.82) 0.27

Yes 963 250 1.50 (1.29-1.74)

Use of heart disease agents

No 1454 316 1.41 (1.22-1.63) 0.53

Yes 181 61 1.70 (1.29-2.24)

Diabetes mellitus

No 1276 296 1.49 (1.30-1.72) 0.43

Yes 359 81 1.48 (1.11-1.99)

Hypercholesterolemia

No 969 228 1.45 (1.24-1.69) 0.71

Yes 666 149 1.44 (1.15-1.79)

Obesity

No 1197 296 1.42 (1.23-1.63) 0.90

Yes 438 81 1.67 (1.25-2.24)

Estimated glomerular filtration rate

≥60 mL/min
per 1.73 m2

1405 288 1.36 (1.17-1.59) 0.41

<60 mL/min
per 1.73 m2

230 89 1.51 (1.21-1.87)

Atrial fibrillation

No 1601 370 1.55 (1.38-1.74)* 0.11

Yes 34 7 0.83 (0.28-2.46)*

History of stroke

No 1545 344 1.50 (1.31-1.71) 0.47

Yes 90 33 1.09 (0.67-1.79)

Smoking habits

No 1390 324 1.49 (1.30-1.71) 0.29

Yes 245 53 1.30 (0.88-1.94)

Alcohol intake

No 1051 268 1.53 (1.31-1.78) 0.61

Yes 584 109 1.34 (1.08-1.67)

Continued
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serum NT-proBNP values to the relevant models. The National
FINRISK Study also investigated this issue and found signif-
icant improvements in the predictive abilities of continuous
NRI and IDI, but not c-statistics, between the models with and
without serum NT-proBNP values.21 Our findings support
these previous studies, although the results for c-statistics
were somewhat different. However, the NRI and the IDI have
been acknowledged to provide better estimations of the
change in predictive ability across models than c-statistics,
which are relatively insensitive to such changes.54,55 There-
fore, these findings highlight that serum NT-proBNP is a useful
biomarker for estimating the risk of the future development of
dementia in clinical practice.

The strengths of our study include its population-based
prospective cohort study design, its low selection bias of
population selection, perfect follow-up, and accuracy in the
diagnosis of dementia and its subtypes. Several limitations
should also be noted. First, serum NT-proBNP levels were
based on a single measurement at baseline. During the follow-
up, the serum NT-proBNP levels and other risk factors may
have changed, and, thus, misclassification was possible. This
could have weakened the association found in this study,
biasing the results toward the null hypothesis. Second,
prodromal dementia cases might have been included at
baseline. However, a sensitivity analysis excluding subjects
who developed dementia during the first 3 years of the follow-
up period did not alter the findings (Table S6). Third, we could

not access the influence of severe cardiac dysfunction on the
risk of dementia due to the limited number of subjects with
very high levels of serum NT-proBNP in our general popula-
tions. Fourth, we did not have any data on morphological and
functional cardiac information at baseline. Fifth, the NT-
proBNP level might be increased by cancer, chronic renal
failure, or hormone replacement therapy. However, sensitivity
analyses excluding subjects with cancer and chronic heart
failure or hormone replacement therapy did not alter these
findings (Tables S7 and S8). Finally, we could not exclude the
influence of residual confounding factors (eg, sleep apnea) on
the association of serum NT-proBNP levels with the risk of
dementia.

Conclusions
The present study clearly demonstrated that elevated serum
NT-proBNP levels were significantly associated with the
development of all-cause dementia, AD, and VaD. This study
also indicated the potential applicability of serum NT-proBNP
as a novel biomarker for predicting future risks of dementia.
These results should be confirmed by other large-scale,
population-based observational studies in different popula-
tions and settings. Finally, it is not clear whether serum NT-
proBNP levels would be a suitable target for therapeutic
intervention. Further elucidation of the exact mechanisms
underlying the association between serum NT-proBNP levels

Table 3. Continued

Variables People at Risk No. of Events Hazard Ratio (95% CI) P for Heterogeneity

Regular exercise

No 1429 334 1.46 (1.28-1.66) 0.78

Yes 206 43 1.94 (1.18-3.21)

Serum HS-CRP

<1.0 mg/L 1127 256 1.61 (1.32-1.97) 0.19

≥1.0 mg/L 508 121 1.35 (1.15-1.59)

Hazard ratios and their 95% CIs represent the risk of all-cause dementia per 1-SD increment in log-transformed NT-proBNP levels, where the SD of log-transformed NT-proBNP levels (pg/
mL) was 1.058. Except in the atrial fibrillation subgroups, the model was adjusted for age, sex, education level, hypertension, use of heart disease agents, diabetes mellitus,
hypercholesterolemia, obesity, estimated glomerular filtration rate, atrial fibrillation, history of stroke, smoking habit, alcohol intake, regular exercise, and HS-CRP. The variables relevant to
the subgroup were excluded from the corresponding model. HS-CRP indicates high-sensitivity C-reactive protein; NT-proBNP, N-terminal pro–B-type natriuretic peptide.
*Adjusted only for age and sex due to the small number of events in the subgroup with atrial fibrillation.

Table 4. Predictive Ability, Reclassification, and Discrimination of Dementia by Serum NT-proBNP, 2002-2012

Harrell's c-Statistics
P Value for Harrell's c-Statistics
Difference Continuous NRI (95% CI)

P Value
for NRI IDI (95% CI)

P Value
for IDI

Basic model* 0.780 0.02 0.189 (0.075-0.304) 0.001 0.011 (0.004-0.019) 0.003

Basic model*+log
(serum NT-proBNP levels)

0.787

IDI indicates integrated discrimination improvement; NRI, net reclassification improvement; NT-proBNP, N-terminal pro–B-type natriuretic peptide.
*The basic model included age, sex, education level, systolic blood pressure, use of antihypertensive agents, use of heart disease agents, diabetes mellitus, hypercholesterolemia, body
mass index, estimated glomerular filtration rate, atrial fibrillation, history of stroke, smoking habit, alcohol intake, regular exercise, and serum high-sensitivity C-reactive protein.
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and the risk of developing dementia will also be needed to
reduce the future burden of dementia.
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SUPPLEMENTAL MATERIAL



Table S1. Risk of dementia and its subtypes according to quartiles of serum NT-proBNP, 2002 to 2012. 

NT-proBNP (pg/mL)
Persons 

at risk 

No. of 

events 

Hazard ratio (95% CI) 

Model 1 Model 2 Model 3 

All-cause dementia 

Q1 (≤45) 407 35 1.00 (reference) 1.00 (reference) 1.00 (reference) 

Q2 (46–82) 405 81 1.88 (1.26–2.81) 1.78 (1.19–2.67) 1.79 (1.19–2.67) 

Q3 (83–153) 414 105 2.12 (1.43–3.14) 1.87 (1.26–2.79) 1.88 (1.27–2.80) 

Q4 (≥154) 409 156 3.40 (2.32–5.00) 2.75 (1.84–4.12) 2.84 (1.89–4.26) 

          P for trend <0.001 <0.001 <0.001 

Alzheimer’s disease 

Q1 (≤45) 407 21 1.00 (reference) 1.00 (reference) 1.00 (reference) 

Q2 (46–82) 405 59 2.09 (1.27–3.46) 1.98 (1.20–3.29) 1.98 (1.20–3.29) 

Q3 (83–153) 414 71 2.08 (1.26–3.43) 1.92 (1.16–3.17) 1.94 (1.17–3.20) 

Q4 (≥154) 409 96 3.05 (1.86–4.99) 2.81 (1.68–4.70) 2.98 (1.78–4.97) 

          P for trend <0.001 <0.001 <0.001 

Vascular dementia 

Q1 (≤45) 407 9 1.00 (reference) 1.00 (reference) 1.00 (reference) 

Q2 (46–82) 405 19 1.95 (0.88–4.34) 1.84 (0.83–4.12) 1.85 (0.83–4.13) 

Q3 (83–153) 414 22 2.12 (0.96–4.70) 1.74 (0.78–3.88) 1.75 (0.79–3.89) 

Q4 (≥154) 409 52 5.58 (2.66–11.70) 3.71 (1.70–8.11) 3.76 (1.72–8.23) 

          P for trend <0.001 <0.001 <0.001 

CI, confidence interval; NT-proBNP, N-terminal pro-B-type natriuretic peptide. 

Model 1: adjusted for age and sex.  

Model 2: adjusted for age, sex, education level, systolic blood pressure, use of antihypertensive agents, use of heart disease agents, diabetes mellitus, 

hypercholesterolemia, body mass index, estimated glomerular filtration rate, atrial fibrillation, history of stroke, smoking habit, alcohol intake, and regular exercise. 

Model 3: adjusted for the covariates included in model 2 plus serum high-sensitivity C-reactive protein. 



 
 

 

 

Table S2. Risk of dementia with and without incident cardiovascular disease during follow-up period according to serum NT-proBNP levels among subjects 

without a history of cardiovascular disease and/or dementia at baseline, 2002 to 2012. 

NT-proBNP (pg/mL) 
Persons  

at risk 

No. of  

events 

Hazard ratio (95% CI) 

Model 1 Model 2 Model 3 

Incident dementia without cardiovascular disease*    

     ≤54 488 39 1.00 (reference) 1.00 (reference) 1.00 (reference) 

     55–124 563 120 1.98 (1.37–2.86) 1.87 (1.29–2.72) 1.87 (1.29–2.70) 

     125–299 305 90 2.22 (1.50–3.30) 1.85 (1.23–2.78) 1.90 (1.27–2.85) 

     ≥300 156 49 3.03 (1.95–4.70) 2.68 (1.67–4.32) 2.82 (1.75–4.56) 

       P for trend   <0.001 <0.001 <0.001 

1-SD increment in log (serum 

NT-proBNP levels) 
1,512 298 1.41 (1.25–1.59) 1.40 (1.21–1.62) 1.43 (1.24–1.66) 

      

Incident dementia with cardiovascular disease†     

     ≤54 488 7 1.00 (reference) 1.00 (reference) 1.00 (reference) 

     55–124 563 10 1.28 (0.48–3.45) 1.14 (0.42–3.08) 1.14 (0.42–3.09) 

     125–299 305 11 2.52 (0.93–6.88) 1.79 (0.63–5.09) 1.80 (0.63–5.12) 

     ≥300 156 8 4.19 (1.42–12.37) 2.72 (0.77–9.62) 2.74 (0.77–9.77) 

       P for trend   0.004 0.10 0.10 

1-SD increment in log (serum 

NT-proBNP levels) 
1,512 36 1.59 (1.17–2.17) 1.34 (0.90–2.00) 1.34 (0.90–2.00) 

CI, confidence interval; NT-proBNP, N-terminal pro-B-type natriuretic peptide; SD, standard deviation.  

The SD of log-transformed NT-proBNP levels (pg/mL) was 1.035. 

The exclusion criteria of this analysis were subjects with dementia at baseline, subjects with cardiovascular disease at baseline, and subjects without available serum for 

measuring the serum NT-proBNP level. 

* Incident dementia without cardiovascular disease was defined as the development of dementia without incident cardiovascular disease before the onset of dementia during 

follow-up. 

† Incident dementia with cardiovascular disease was defined as the development of cardiovascular disease and subsequent dementia during the follow-up period. 

Model 1: adjusted for age and sex.  

Model 2: adjusted for age, sex, education level, systolic blood pressure, use of antihypertensive agents, use of heart disease agents, diabetes mellitus, hypercholesterolemia, 

body mass index, estimated glomerular filtration rate, atrial fibrillation, smoking habit, alcohol intake, and regular exercise.  

Model 3: adjusted for the covariates included in model 2 plus high-sensitivity C-reactive protein. 



 
 

 

 

 

Table S3. Risk of dementia with and without incident diabetes mellitus during the follow-up period according to serum NT-proBNP levels among subjects without 

a history of diabetes and/or dementia at baseline, 2002 to 2012. 

NT-proBNP (pg/mL) 
Persons  

at risk 

No. of  

events 

Hazard ratio (95% CI) 

Model 1 Model 2 Model 3 

Incident dementia without diabetes mellitus*     

     ≤54 400 40 1.00 (reference) 1.00 (reference) 1.00 (reference) 

     55–124 455 100 1.57 (1.08–2.29) 1.45 (1.00–2.12) 1.45 (0.99–2.11) 

     125–299 257 81 1.81 (1.21–2.70) 1.42 (0.94–2.15) 1.45 (0.96–2.19) 

     ≥300 143 48 2.65 (1.70–4.13) 1.97 (1.21–3.22) 2.03 (1.24–3.32) 

       P for trend   <0.001 0.02 0.01 

1-SD increment in log (serum 

NT-proBNP levels) 
1,255 269 1.41 (1.24–1.60) 1.33 (1.14–1.56) 1.35 (1.15–1.59) 

      

Incident dementia with diabetes mellitus†     

     ≤54 400 3 1.00 (reference) 1.00 (reference) 1.00 (reference) 

     55–124 455 9 2.64 (0.70–9.99) 2.53 (0.66–9.65) 2.52 (0.66–9.60) 

     125–299 257 7 3.95 (0.96–16.18) 3.76 (0.90–15.69) 3.79 (0.91–15.81) 

     ≥300 143 6 9.18 (2.18–38.62) 9.89 (2.17–45.11) 10.07 (2.19–46.23) 

       P for trend   0.002 0.003 0.003 

1-SD increment in log (serum 

NT-proBNP levels) 
1,255 25 1.65 (1.14–2.41) 1.86 (1.17–2.97) 1.89 (1.17–3.04) 

CI, confidence interval; NT-proBNP, N-terminal pro-B-type natriuretic peptide; SD, standard deviation.  

The SD of log-transformed NT-proBNP levels (pg/mL) was 1.062. 

The exclusion criteria of this analysis were subjects with dementia at baseline, subjects with diabetes mellitus at baseline, and subjects without available serum for 

measuring the serum NT-proBNP level. 

* Incident dementia without diabetes mellitus was defined as the development of dementia without incident diabetes mellitus before the onset of dementia during follow-up. 

† Incident dementia with diabetes mellitus was defined as the development of diabetes mellitus and subsequent dementia during the follow-up period. 

Model 1: adjusted for age and sex.  

Model 2: adjusted for age, sex, education level, systolic blood pressure, use of antihypertensive agents, use of heart disease agents, hypercholesterolemia, body mass index, 

estimated glomerular filtration rate, atrial fibrillation, history of stroke, smoking habit, alcohol intake, and regular exercise.  

Model 3: adjusted for the covariates included in model 2 plus high-sensitivity C-reactive protein. 



 
 

 

  

Table S4. Reclassification of the 10-year predicted absolute risk of development of dementia, 2002 to 2012. 

 Basic model*+ log (NT-proBNP)  

 Participants, n  

Basic model* <25% risk 25–50% risk >50% risk Total 

Participants who developed dementia   

       <25% risk 85 13 0 98 

       25–50% risk 6 108 20 134 

       >50% risk 0 5 140 145 

       Total 91 126 160 377 

Participants who did not develop dementia  

       <25% risk 786 35 0 819 

       25–50% risk 38 232 17 287 

       >50% risk 0 17 135 152 

       Total 824 282 152 1,258 

Net reclassification improvement was estimated as 0.062 (ZNRI=3.21, P=0.001). 

NT-proBNP, N-terminal pro-B-type natriuretic peptide. 

* The basic model included age, sex, education level, systolic blood pressure, use of antihypertensive agents, diabetes mellitus, hypercholesterolemia, body mass 

index, estimated glomerular filtration rate, atrial fibrillation, history of stroke, smoking habit, alcohol intake, regular exercise, and serum high-sensitivity C-reactive 

protein. 



 
 

 

 

 

 

 

Table S5. Predictive ability, reclassification, and discrimination of dementia by serum NT-proBNP, 2002 to 2012. 

 Harrell’s  

c-statistics 

P value for  

Harrell’s c-

statistics 

difference 

Continuous NRI 

(95% CI) 

P value for 

NRI 

IDI 

(95% CI) 
P value for IDI 

Framingham risk score* 0.749 

<0.001 
0.190 

(0.076–0.305) 
0.001 

0.017 

(0.007–0.026) 
<0.001 

Framingham risk score*+log (serum NT-proBNP levels) 0.767 

CAIDE risk score† 0.568 

<0.001 
0.427 

(0.314–0.540) 
<0.001 

0.058 

(0.042–0.073) 
<0.001 

CAIDE risk score†+log (serum NT-proBNP levels) 0.686 

 

CI, confidence interval; IDI, integrated discrimination improvement; NRI, net reclassification improvement; NT-proBNP, N-terminal pro-B-type natriuretic peptide. 

* The Framingham risk score included age, marital status, body mass index, stroke, diabetes, and cancer (ischemic attack omitted). 

† The CAIDE risk score included age, education status, sex, systolic blood pressure, body mass index, total cholesterol, and physical activity. 



 
 

 
  

Table S6. Risk of dementia and its subtypes according to serum NT-proBNP levels, after the exclusion of subjects whose events occurred within 3 years 
after baseline, 2002 to 2012. 

NT-proBNP (pg/mL) 
Persons  

at risk 

No. of 

events 

Hazard ratio (95% CI) 

Model 1 Model 2 Model 3 

All-cause dementia    

     ≤54 514 51 1.00 (reference) 1.00 (reference) 1.00 (reference) 

     55–124 595 121 1.70 (1.21–2.37) 1.57 (1.12–2.19) 1.56 (1.12–2.19) 

     125–299 336 88 1.83 (1.27–2.64) 1.49 (1.03–2.17) 1.53 (1.05–2.22) 

     ≥300 190 42 2.34 (1.53–3.57) 1.79 (1.11–2.89) 1.83 (1.13–2.97) 

       P for trend   <0.001 0.03 0.01 
      

Alzheimer’s disease    

     ≤54 514 28 1.00 (reference) 1.00 (reference) 1.00 (reference) 

     55–124 595 89 2.05 (1.33–3.17) 2.00 (1.30–3.09) 1.99 (1.29–3.08) 

     125–299 336 59 1.89 (1.18–3.04) 1.72 (1.06–2.78) 1.77 (1.09–2.87) 

     ≥300 190 25 2.27 (1.30–3.96) 2.04 (1.10–3.77) 2.12 (1.14–3.94) 

       P for trend   0.01 0.045 0.03 
      

Vascular dementia    

     ≤54 514 13 1.00 (reference) 1.00 (reference) 1.00 (reference) 

     55–124 595 26 1.70 (0.86–3.35) 1.48 (0.75–2.92) 1.48 (0.75–2.91) 

     125–299 336 29 3.27 (1.64–6.50) 2.28 (1.12–4.65) 2.34 (1.15–4.76) 

     ≥300 190 11 3.13 (1.36–7.16) 1.84 (0.70–4.84) 1.88 (0.71–4.95) 

       P for trend   <0.001 0.048 0.04 

 

CI, confidence interval; NT-proBNP, N-terminal pro-B-type natriuretic peptide. 

Model 1: adjusted for age and sex.  

Model 2: adjusted for age, sex, education level, systolic blood pressure, use of antihypertensive agents, use of heart disease agents, diabetes mellitus, 

hypercholesterolemia, body mass index, estimated glomerular filtration rate, atrial fibrillation, history of stroke, smoking habit, alcohol intake, and regular exercise.  
Model 3: adjusted for the covariates included in model 2 plus serum high-sensitivity C-reactive protein. 



 
 

 

  

Table S7. Risk of dementia and its subtypes according to serum NT-proBNP levels, after the exclusion of subjects with cancer or chronic renal failure, 2002 
to 2012. 

NT-proBNP (pg/mL) 
Persons  

at risk 

No. of 

events 

Hazard ratio (95% CI) 

Model 1 Model 2 Model 3 

All-cause dementia    

     ≤54 476 51 1.00 (reference) 1.00 (reference) 1.00 (reference) 

     55–124 547 127 1.70 (1.22–2.37) 1.59 (1.14–2.22) 1.58 (1.13–2.20) 

     125–299 299 102 2.03 (1.43–2.90) 1.65 (1.14–2.38) 1.69 (1.17–2.43) 

     ≥300 160 61 3.10 (2.10–4.57) 2.62 (1.72–4.00) 2.72 (1.78–4.17) 

       P for trend   <0.001 <0.001 <0.001 
      

Alzheimer’s disease    

     ≤54 476 29 1.00 (reference) 1.00 (reference) 1.00 (reference) 

     55–124 547 93 2.01 (1.31–3.06) 1.95 (1.27–2.98) 1.93 (1.26–2.96) 

     125–299 299 67 2.01 (1.27–3.17) 1.82 (1.14–2.91) 1.90 (1.19–3.04) 

     ≥300 160 31 2.51 (1.48–4.24) 2.53 (1.44–4.44) 2.81 (1.59–4.95) 

       P for trend   0.002 0.005 0.001 
      

Vascular dementia    

     ≤54 476 13 1.00 (reference) 1.00 (reference) 1.00 (reference) 

     55–124 547 26 1.58 (0.80–3.10) 1.43 (0.72–2.81) 1.42 (0.72–2.81) 

     125–299 299 34 3.45 (1.76–6.74) 2.40 (1.19–4.81) 2.40 (1.20–4.84) 

     ≥300 160 24 5.85 (2.89–11.84) 3.63 (1.67–7.92) 3.64 (1.67–7.94) 

       P for trend   <0.001 <0.001 <0.001 

CI, confidence interval; NT-proBNP, N-terminal pro-B-type natriuretic peptide. 

Model 1: adjusted for age and sex.  

Model 2: adjusted for age, sex, education level, systolic blood pressure, use of antihypertensive agents, use of heart disease agents, diabetes mellitus, 

hypercholesterolemia, body mass index, estimated glomerular filtration rate, atrial fibrillation, history of stroke, smoking habit, alcohol intake, and regular exercise.  
Model 3: adjusted for the covariates included in model 2 plus serum high-sensitivity C-reactive protein. 



 
 

 

Table S8. Risk of dementia and its subtypes according to serum NT-proBNP levels, after the exclusion of subjects with hormone replacement therapy, 2002 
to 2012. 

NT-proBNP (pg/mL) 
Persons  

at risk 

No. of 

events 

Hazard ratio (95% CI) 

Model 1 Model 2 Model 3 

All-cause dementia    

     ≤54 514 55 1.00 (reference) 1.00 (reference) 1.00 (reference) 

     55–124 592 141 1.76 (1.28–2.42) 1.67 (1.21–2.30) 1.67 (1.21–2.29) 

     125–299 336 111 2.03 (1.44–2.85) 1.65 (1.16–2.34) 1.69 (1.19–2.40) 

     ≥300 190 70 3.02 (2.08–4.38) 2.38 (1.58–3.58) 2.46 (1.63–3.72) 

       P for trend   <0.001 <0.001 <0.001 
      

Alzheimer’s disease    

     ≤54 514 32 1.00 (reference) 1.00 (reference) 1.00 (reference) 

     55–124 592 104 2.04 (1.36–3.05) 2.01 (1.34–3.01) 2.00 (1.33–3.00) 

     125–299 336 75 2.03 (1.32–3.14) 1.82 (1.17–2.84) 1.90 (1.22–2.96) 

     ≥300 190 36 2.42 (1.47–3.97) 2.23 (1.31–3.82) 2.43 (1.41–4.16) 

       P for trend   0.001 0.01 0.003 
      

Vascular dementia    

     ≤54 514 13 1.00 (reference) 1.00 (reference) 1.00 (reference) 

     55–124 592 28 1.73 (0.89–3.37) 1.58 (0.81–3.08) 1.58 (0.81–3.08) 

     125–299 336 35 3.53 (1.82–6.88) 2.51 (1.26–5.00) 2.52 (1.26–5.04) 

     ≥300 190 26 5.92 (2.95–11.91) 3.54 (1.63–7.69) 3.56 (1.64–7.73) 

       P for trend   <0.001 <0.001 <0.001 

CI, confidence interval; NT-proBNP, N-terminal pro-B-type natriuretic peptide. 

Model 1: adjusted for age and sex.  

Model 2: adjusted for age, sex, education level, systolic blood pressure, use of antihypertensive agents, use of heart disease agents, diabetes mellitus, 

hypercholesterolemia, body mass index, estimated glomerular filtration rate, atrial fibrillation, history of stroke, smoking habit, alcohol intake, and regular exercise.  
Model 3: adjusted for the covariates included in model 2 plus serum high-sensitivity C-reactive protein. 


	jah34387-sup-0001-TablesS1-S8.pdf
	Blank Page


