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Abstract

Cross-sectionally measured N-terminal pro B-type natriuretic peptide (NT-proBNP) is related to 

incident dementia. However, data linking changes in NT-proBNP to risk of future dementia are 

lacking. We aimed to examine the association of change in NT-proBNP over 3.2 years with 

incident dementia.

We included 4,563 participants in Multi-Ethnic Study of Atherosclerosis (MESA prospective 

cohort) who were free of cardiovascular disease at enrollment, had NT-proBNP level measured at 

MESA exams 1 (baseline, 2000 to 2002) and 3 (2004 to 2005) and had no diagnosis of dementia 

prior to exam 3. The association of change in NT-proBNP level between MESA exams 1 through 3 

and all-cause hospitalized dementia (by ICD codes) after MESA exam 3 (2004–2005) through 

2015 was assessed using competing-risks Cox proportional hazard regression analysis.

During 45,522 person-years of follow-up, 223 dementia cases were documented. Increase in log-

NT-proBNP from MESA exams 1 through 3 was positively associated with incidence of dementia 

(multivariable HR 1.28, 95% CI 1.001–1.64, p=0.049). An increase of at least 25% in NT-proBNP 

level from MESA exam 1 through 3 was associated with a 55% (p=0.02) increase in the risk of 

dementia in multivariable analysis. Addition of temporal NT-proBNP change to a model including 

risk factors and baseline NT-proBNP improved the prediction of dementia (Harrell’s C statistic 

from 0.85 to 0.87, P=0.049).

Increase in NT-proBNP is independently associated with future all-cause hospitalized dementia 

and offers a moderately better predictive performance for risk of dementia compared with risk 

factors and baseline NT-proBNP.(ClinicalTrials.govIdentifier: NCT00005487)

Graphical Abstract
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Introduction

Dementia is a major public health problem worldwide and a leading cause of mortality and 

disability; it is often rated “worse than death” by patients1, 2. Early alterations in brain 

structure have been shown to precede clinical dementia by 5 to 10 years, but a significant 

proportion of individuals at risk of dementia are not identified until very late in life and 

when they clinically become symptomtic3, 4.

Brain alterations leading to dementia are the byproduct of genetic susceptibility combined 

with multiple risk factor exposures (including CVD risk factors) involving several organ 

systems in the human body5, 6. Several studies have shown associations between dementia 

and prior cardiovascular diseases (CVD), in particular atrial fibrillation and heart failure7, 8; 

but the mechanisms for these associations remain incompletely understood.

N-terminal pro–B-type natriuretic peptide (NT-proBNP) is released in response to 

myocardial wall stress9 and has been linked to a wide range of adverse cardiovascular 

outcomes10–15, as well as subclinical myocardial dysfunction16. NT-proBNP has also been 

associated with subclinical brain damage, cognitive dysfunction and incident dementia17–21; 

it likely reflects intermediate processes linking CVD to cerebral damage and dysfunction, 

thus having potential as a surrogate marker for early dementia detection and risk 

stratification.18–20

Levels of NT-proBNP change substantially over time in response to physiological and 

pathological alterations22–25. We hypothesized that tracking changes in NT-proBNP level 

over time may have significant implication for risk stratification and prediction of adverse 

outcomes over and above the cross-sectional NT-proBNP measurement. Previous studies 

have linked long-term changes in NT-proBNP level with adverse cardiovascular outcomes in 

patients with congestive heart failure26, 27, coronary artery disease28 as well as those free of 
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CVD29. However, the implications of changes in NT-proBNP to risk of future dementia have 

not been explored.

In the present study, we aimed to investigate the relationship between change in NT-proBNP 

over time with future all-cause hospitalized dementia and measures of cognitive function in 

a large multiethnic population of men and women without clinical CVD at enrollment in the 

Multi-Ethnic Study of Atherosclerosis (MESA).

Participants and Methods

The data, and study materials will not be made available to other researchers for purposes of 

reproducing the results or replicating the procedure. However, the analytic methods are 

described in detail in this article.

The design of MESA has been previously described30. Briefly, a total of 6814 men and 

women aged 45 to 84 years were enrolled between July 2000 and August 2002 from 6 US 

communities representing 4 racial/ethnic groups (white, black, Hispanic, and Chinese-

American). Individuals with any prior clinical diagnosis of CVD at enrollment were 

excluded. The study protocol was approved by the institutional review board of each MESA 

field center, and all participants gave informed consent.

Plasma NT-proBNP Measurements

NT-proBNP was measured in 5,597 MESA participants at enrollment (MESA exam 1) 

between 2000 to 2002. Of these, 4,586 participants underwent repeat NT-proBNP 

measurements in the follow-up MESA exam 3, performed between 2004–2005.

Blood samples were stored at −70° C and were thawed prior to testing (maximum of 3 

freeze-thaw cycles). NT-proBNP was measured using the Elecsys 2010 system (Roche 

Diagnostics, Indianapolis, IN). All analyses were performed at a core laboratory (Veteran’s 

Affairs San Diego Healthcare System, La Jolla,CA). Previous studies have indicated that 

measurements of NT-proBNP using this assay are not significantly altered after 5 freeze-

thaw cycles31. Intra- and inter-assay coefficients of variation at various concentrations of 

NT-proBNP were 1.3% and 4.8%, respectively32. The analytical measurement range for NT-

proBNP was 5 to 35,000 pg/mL.

Follow-Up and Endpoints

In MESA, telephone interviews are conducted every 9 to 12 months with each participant to 

identify interim hospitalizations, outpatient cardiovascular and other diagnoses, and death. 

Medical records were obtained for those reporting a hospitalization. Probable dementia 

including Alzheimer’s disease, vascular dementia, and Pick’s disease were classified from 

the coded hospitalization discharge diagnoses using the International Statistical 

Classification of Diseases Medical Diagnosis Codes, Ninth Revision. The following 

diagnosis codes were used to identify dementia: International Classification of Diseases—

Ninth Revision (ICD-9): 290, 294, 331.0, 331.1, 331.2, 331.82, 331.83, 331.9, 438.0, and 

780.93; ICD-10: F00, F01, F03, F04, G30, G31 (excluding G31.2), I69.91, and R41. In 
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addition, a physician blinded to the ICD-9 codes ascertained potential cases of dementia by 

reviewing the medical records of each participant, looking for statements that indicated or 

contradicted the diagnosis of dementia. The use of hospitalization discharge ICD codes for 

the diagnosis of dementia has been validated and used in prior publications from 

MESA33–35. In this study, we only included dementia events that occurred after MESA 

exam 3 through 2015.

The diagnoses of interim stroke, heart failure, and coronary heart disease were adjudicated 

by 2 independent physicians of the MESA adjudication committee. Full details of the MESA 

follow-up methods, investigators, and institutions are available at the MESA website (http://

www.mesa-nhlbi.org).

Measures of cognitive function were obtained during MESA exam 5 performed between 

2010 and 2012, and included the the Cognitive Abilities Screening Instrument (CASI) score, 

as well as forward and backward Digit Span35.

Statistical Analysis

Data were presented as mean ± SD, median (interquartile range) or number (%), as 

appropriate. Baseline characteristics were compared between subjects with and without 

dementia using χ2 tests for categorical variables and 2-sided t tests or the Wilcoxon signed 

rank test for continuous variables. Variables with non-normal distribution were transformed 

to logarithmic (NT-proBNP and coronary artery calcium score) or cubic-transfomred values 

(CASI score) for regression analysis.

We used multivariable competing-risks Cox proportional hazard regression models to 

investigate the association of temporal change in NT-proBNP levels between MESA exams 

1 and 3 and risk of future all-cause hospitalized dementia after MESA exam 336. Change in 

NT-proBNP levels was included in regression analysis both as continuous but also as a 

dichotomous variable based on greater than 25% increase in NT-proBNP level since baseline 

(MESA exam 1). The 25% threshold for change in NT-proBNP levels was chosen based on 

previous reports on intra-individual variability of NT-proBNP indicating that >25% change 

is deemed clinically significant and unlikely due to measurement error37, 38. We also 

performed a secondary analysis to assess the risk of future dementia in four groups of 

participants based on 75th percentile of baseline NT-ptoBNP level and 25% or more increase 

in NT-proBNP level over time. Death prior to the diagnosis of dementia was considered as a 

competing event because it hindered the detection of dementia. We used Harrell’s C-statistic 

to assess the models’ performance for predicting dementia and to test whether addition of 

NT-proBNP and its temporal change improved the discriminative performance of models 

comprising traditional risk factors. The multivariable models included:

Model 1 was adjusted for demographics including age, sex and race/ethnicity.

Model 2 included variables in model 1 in addition to ApoE lipoprotein isoforms and 

traditional cardiovascular disease risk factors and socioeconomic status at MESA 

exam 3, including systolic blood pressure, use of antihypertensives, resting heart rate, 

high-density lipoprotein, total cholesterol, antihyperlipidemics, body mass index, 
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glomerular filtration rate (GFR), diabetes mellitus, income, education level, health 

insurance status, cigarette smoking and study field center at MESA exam 3. This 

model was also adjusted for coronary artery calcium score measured in the entire 

cohort at MESA exam 1, but not at MESA exam 3.

Model 3 was adjusted for all variables in model 2 and also interim cardiovascular 

events prior to incidence of dementia, including coronary events, heart failure, and 

clinical stroke as time-varying covariates.

Model 4 was adjusted for all variables in model 3 and left ventricular (LV) end 

diastolic volume (LVEDV), LV ejection fraction (LVEF), and LV mass (LVM) by 

magnetic resonance imaging (MRI) obtained at baseline (MESA exam 1) but not at 

MESA exam 3.

Associations of NT-proBNP levels obtained at MESA exams 1 and 3 as well as its change, 

with measures of cognitive function at MESA exam 5 were tested using multivariable linear 

regression analysis adjusted for demographics and traditional risk factors obtained at MESA 

exams 1 or 3 as well as interim CVD events.

We also used regression analysis to identify the correlates of change in NT-proBNP levels 

from MESA exam 1. Multivariable models for these analyses were constructed using the 

variables associated with change in NT-proBNP levels reaching p value <0.2.

Two-tailed P values <0.05 were used for significance testing. All statistical analyses were 

performed using Stata 14.0 (StataCorp LP; College Station, TX).

Results

Of the 4,586 MESA participants with NT-proBNP measurements at both MESA exams 1 

and 3, a total of 4,563 individuals without dementia prior to MESA exam 3 were included in 

the analysis (Supplemental Figure S1). During 45,522 person-years of follow-up, 223 all-

cause hospitalized dementia cases were ascertained. The mean age of the cohort at MESA 

exam 3 was 65.0 ± 10.01 and 2,219 (48.6%) were men. Baseline characteristics of the 

participants at MESA exam 3 are described in Table 1. The median NT-proBNP 

concentration at MESA exams 1 and 3 were 52.3 pg/mL (IQR 23.6 – 107.0) and 65.7 pg/mL 

(IQR 32.6 – 132.1), respectively. NT-proBNP levels increased by a median of 11.7 pg/mL 

(IQR −93, 43.9) over a mean of 3.2 ± 0.3 years. Participants with all-cause hospitalized 

dementia were older and more frequently white, having lower income and lower education 

level. They were less likely to be without health insurance and had higher systolic and lower 

diastolic blood pressure, higher use of antihypertensive medications, worse kidney function, 

slightly lower body mass index, lower total cholesterol and higher use of lipid lowering 

therapy. Furthermore, participants who developed dementia had higher levels of NT-proBNP 

(in pg/mL) at MESA exams 1 and 3 as well as higher temporal increase in NT-proBNP 

levels between the two exams (Table 1).
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NT-proBNP levels and dementia

Log NT-proBNP level at either MESA exams 1 (HR 1.9, p<0.001) or 3 (HR 1.95, p<0.001) 

was significantly associated with future risk of all-cause hospitalized dementia 

(Supplemental Table S1). These associations remained significant after adjustment for 

demographics, socioeconomic status, CVD risk factors, ApoE lipoprotein isoforms and 

interim CVD events (HR 1.23, 95% CI 1.03–1.45 and 1.25, 95% CI 1.03–1.53 at MESA 

exams 1 and 3, respectively, Supplemental Table S1).

Increase in log-NT-proBNP levels from MESA 1 through MESA 3 exams was associated 

with significant increase in the risk of future all-cause hospitalized dementia (HR 1.21, 95% 

CI 1.04–1.42, Table 2). This association remained significant after adjustment for 

demographics (HR 1.24, 95% CI 1.03–1.49, model 1), traditional risk factors (HR 1.25, 95% 

CI 1.02–1.52, model 2), interim CVD events (HR 1.25, 95% CI 1.03–1.53, model 3) and 

MRI derived LVEDV, LVEF and LVM (HR 1.28, 95% CI 1.001–1.64, model 4, Table 2). 

Participants with greater than 25% increase in NT-proBNP level had 38% to 55% higher risk 

of dementia in multivariable analysis (Table 2 and Figure 1). On the other hand, any 

decrease in NT-proBNP levels from MESA 1 to MESA 3 exams was associated with 26–

30% reduced risk of future dementia. (Table 2). In a separate analysis (supplemental figure 

S2), subjects with lower baseline NT-proBNP and smaller increase in its level over time had 

the lowest risk for future all-cause hospitalized dementia versus those with both high 

baseline NT-proBNP and greater than 25% increase in its level, in whom the risk of future 

dementia was the greatest. Participants with either greater baseline NT-proBNP level or 

greater than 25% increase in its level over time (but not both of these criteria) had moderate 

risk of future all-cause hospitalized dementia. Interestingly, the risk of future future all-cause 

hospitalized dementia in subjects with only greater than 25% increase over time (and low 

baseline NT proBNP) was greater than those with only high baseline NT-proBNP level (and 

lower than 25% increase in NT-proBNP level).

Risk discrimination

The Harrell’s C statistic for a multivariable model of demographics, traditional risk factors 

and interim CVD events for prediction of future all-cause hospitalized dementia was 0.85 

(95% CI 0.83 – 0.88, Table 3). Addition of NT-proBNP at MESA exam 1 did not improve 

the discriminative power of the multivariable model (Table 3). Importantly however, the 

inclusion of change in NT-proBNP significantly increased the Harrell’s C statistics to 0.87 

(95% CI 0.84–0.89, p=0.049, Table 3) for dementia prediction over and above baseline NT-

proBNP levels.

NT-proBNP and cognitive function

As shown in Table 4, log NT-proBNP level at MESA exam 1 but not at MESA exam 3 was 

associated with a lower cubic-transfomed CASI score (β = −7808.98, p=0.02) and backward 

digit span (β = −0.12, p=0.003) at MESA exam 5. There was no significant association 

between change in log NT-proBNP level (exam 1 to 3) and exam 5 cognitive function 

indices.
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Correlates of changes in log-NT-proBNP

Supplemental Table S2 illustrates the MESA exam 1 correlates of change in log-NT-proBNP 

levels. Older age and non-black race/ethnicity were associated with greater increase in NT-

proBNP levels. Moreover, lower GFR (β = −0.003, p<0.001), hypertension medication use 

(β = 0.06, p=0.02), diabetes mellitus (β = 0.14, p<0.001), current smoking (β = 0.09, 

p=0.01), and high coronary artery calcium score (β = 0.01, p=0.01) were correlated with 

increase in log-NT-proBNP levels. Log-NT-proBNP level at exam 1 was inversely associated 

with its increase over time (−0.36, p<0.001).

Discussion

In this study, we showed that: a) A 3-year increase in NT-proBNP level is associated with 

increased risk of future all-cause hospitalized dementia over and above cross-sectionally 

measured NT-proBNP level at baseline. This association was independent of demographics, 

CVD risk factors, interim CVD events and left ventricular volume and remodeling indices 

measured by MRI. On the other hand, any decrease in NT-proBNP level over time was 

associated with reduced risk of dementia; b) Increase in NT-proBNP levels between the 

baseline and MESA 3 follow-up exams moderately improved discriminative performance of 

demographics, CVD risk factors and baseline NT-proBNP levels for predicting future all-

cause hospitalized dementia; c) Baseline NT-proBNP level but not its change over time was 

associated with impaired cognitive function later in life; d) Impaired kidney function, 

hypertension, diabetes mellitus, smoking, and coronary artery calcification were among the 

modifiable or treatable correlates of NT-proBNP increase, and thus represent potential 

targets for dementia prevention. Greater NT-proBNP at MESA 1 exam was associated with 

smaller increase in its level through MESA exam 3. This is likely attributable to sicker 

individuals with already high NT-proBNP at MESA 1 exam and little room for increase in 

NT-proBNP level. The other possible explanation is that patients with lower NT-proBNP at 

baseline are more likely to be obese and have dyslipidemia and insulin resistance39 and thus 

are at higher risk of developing diabetes, and cardiovascular disease as well as higher 

likelihood for greater change in NT-proBNP levels during follow-up.

A few prior studies have demonstrated that NT-proBNP is independently associated with 

cognitive dysfunction and incident dementia18–21. In two large population-based studies, one 

in 6,040 participants from the Rotterdam study, and the other in 7,114 subjects from the 

National FINRISK study, high NT-proBNP was associated with 27% and 32% increase in 

the risk of dementia, respectively19, 20. Our results are in line with those two studies 

indicating the association of cross-sectionally measured NT-proBNP with future all-cause 

hospitalized dementia. However, this study, for the first time, demonstrates the prognostic 

role of increase in NT-proBNP over time as a predictor of future dementia. In recent years, 

the prognostic importance of changes in NT-proBNP has been investigated in different 

clinical settings. In MESA, an increase in NT-proBNP levels has been associated with higher 

risk of incident coronary heart disease, stroke and death29, 40. A reduction in NT-proBNP 

level over time was shown to correlate with better outcomes among patients with congestive 

heart failure with both reduced27 and preserved ejection fraction26. The present study 

extends our body of knowledge by further emphasizing the prognostic significance of serial 
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NT-proBNP measurements in relation not only to established CVD but also to cerebral 

morbidity and outcomes. Our findings may have significant implication for early detection 

and secondary prevention of dementia and suggest that disrupting the pathologic process 

leading to continuous rise in NT-proBNP may help prevent dementia in older adults.

There are several hypotheses to explain the link between NT-proBNP and its change with 

dementia. The first and more intuitive possibility is that individuals with elevated NT-

proBNP levels are more likely to have both clinically expressed and silent cerebrovascular 

events; however, change in NT-proBNP remained associated with dementia even after 

adjusting for CVD risk factors and interim CVD, including clinically manifested 

cerebrovascular events (stroke)20. Secondly, we propose that the longitudinal increase in NT-

proBNP as an index of enhanced myocardial stress, reflects mechanisms leading to 

progressive subclinical cardiac dysfunction that could entail concomitant myocardial and 

cerebral microvascular disease41, 42, adverse response to neuroendocrine hormonal 

overstimulation43 and hypoxia leading to progressive cardiomyocyte and neuronal 

death16, 44–46. In this regard, overt heart failure, unassociated with clinical cerebrovascular 

events, has been shown to relate to increased incident dementia7. Previous studies have 

shown an association between NT-proBNP and hypoperfusion of the myocardium and 

chronic state of hypoxia41, loss of cardiomyocytes and interstitial fibrosis16. NT-proBNP has 

been also associated with retinal microvascular damage42. A similar process may explain the 

association of NT-proBNP and dementia, given that hypoperfusion and microvascular 

endothelial dysfuction has been linked to structural and functional changes in the brain as 

well as incident dementia44–46. The fact that increasing NT-proBNP levels remained 

significantly associated with incident dementia despite adjustment for CVD risk factors, may 

indicate that brain alterations in patients with subclinical CVD accompanied by high NT-

proBNP begin early in the course of progressive cardiac dysfunction. This suggests that 

early and aggressive control of risk factors associated with increased NT-proBNP levels 

(such as hypertension, diabetes mellitus, smoking, kidney dysfunction and atherosclerosis as 

documented in this and other studies) could significantly alter progressive cerebral 

dysfunction and dementia in older adults.

In the present study, the measures of cognitive dysfunction at MESA exam 5 were only 

associated with NT-proBNP levels measured at the baseline MESA exam (exam 1) but not 

with either its change over time or NT-proBNP levels measured at the 3 year follow up 

examination (exam 3). One possible explanation for this finding is a selection bias arising 

from people who died before the 10 year follow up exam (MESA exam 5), or did not return 

to clinic for MESA exam 5 due to dementia, subclinical cognitive dysfunction or other co-

morbidities. Further studies are required to assess the relationship of longitudinal changes in 

cognitive function and changes in NT-proBNP level over time.

The major strengths of our study were the serial measurements of NT-proBNP during a 3-

year interval in a large community-based cohort with detailed clinical phenotyping and long 

follow-up time. The major limitation of our study was the ascertainment of incident 

dementia cases from hospitalization records using ICD-9 codes. This method of diagnosing 

dementia cases likely underestimates the incidence of disease, since it only identifies 

participants who were hospitalized, and in whom dementia was included in their discharge 
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diagnoses. However, this method of identifying dementia events has been recently validated 

in MESA and has shown to have adequate positive predictive value for diagnosing clinically 

established dementia33. Also, the biological variability of NT-proBNP due to seasonal 

changes or circadian rhythm was not taken into account in our analysis; however we expect 

that these factors have randomly affected the patients with or without dementia and 

therefore, may have only diluted the effect size but could not change the direction of the 

observed associations.

In conclusion, in a multi-ethnic large cohort, we demonstrate that an increase in NT-proBNP 

level over time is significantly associated with risk of future all-cause hospitalized dementia 

above and beyond clinical risk factors and cross sectionally measured NT-proBNP level. 

Disruption of the processes leading to increased NT-proBNP by controlling treatable or 

modifiable cardiovascular risk factors may help prevent dementia in older adults.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Perspectives

This is the first study to demonstrate that increase in NT-proBNP is independently 

associated with future all-cause hospitalized dementia and offers a moderately better 

predictive performance for risk of dementia compared with risk factors and baseline NT-

proBNP. The greatest risk of dementia was observed in subjects with high baseline NT-

proBNP and increase in its level over time. The mechanisms for association of increase in 

NT-proBNP and dementia is not completely understood and further studies are required 

to elaborate the mechanisms for this association. However, fidnings of this study may 

help prevention of dementia by controlling the risk factors that are responsible for 

increase in NT-proBNP.
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Novelty and Significance

What is new?

• NT-ptoBNP, a serum biomarker, is historically related to heart failure.

• But it is unknown whether increase in NT-proBNP over time can predict 

dementia in future.

What is relevant?

• This study showed that increase in NT-proBNP is associated with future 

dementia earlier than diagnosis of clinical dementia or heart failure

• Multiple risk factors including hypertension are responsible for increase in 

NT-proBNP and subsequently dementia

Summary:

• Increase in NT-proBNP is independently associated with future dementia. 

Controlling risk factors may help prevention of dementia.
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Figure 1. 
Cumulative incidence rate for future all-cause hospitalized dementia in participants with and 

without 25% or greater change in NT-proBNP since MESA exam 1 adjusted for baseline 

demographics (age, sex, race/ethnicity), ApoE lipoprotein isoforms and traditional 

cardiovascular disease risk factors and socioeconomic status at MESA exam 3, including 

systolic blood pressure, use of antihypertensives, resting heart rate, high-density lipoprotein, 

total cholesterol, antihyperlipidemics, body mass index, glomerular filtration rate, diabetes 

mellitus, income, education level, health insurance status, cigarette smoking and study field 

center at MESA exam 3 and coronary artery calcium score at MESA exam 1 and interim 

cardiovascular events, including coronary events, heart failure, and clinical stroke as time-

varying covariates.
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Table 1.

Clinical characteristics of study participants at MESA exam 3 in those who did and did not develop dementia 

during follow-up

Characteristics No Dementia (N=4,340) Dementia (N= 223) P-value

Demographics

 Age, Mean ± SD 64.3 ± 9.7 76.3 ± 7.6 <0.001

 Men, n (%) 2,097 (48.3) 122 (54.7) 0.06

 Race/Ethnicity, n (%) <0.001

  White 1,780 (41.0) 119 (53.4)

  Chinese 580 (13.4) 13 (5.8)

  Black 1,013 (23.3) 48 (21.5)

  Hispanic 967 (22.3) 43 (19.3)

 Income, US$ <0.001

  < 20,000 931 (22.2) 78 (39.0)

  20,000 – 49,999 1,452 (34.6) 67 (33.5)

  ≥ 50,000 1,811 (43.2) 55 (27.5)

 Education, n (%) 0.04

  High school or less 1442 (33.3) 92 (41.3)

  College or undergraduate degree 2058 (47.5) 97 (43.5)

  Graduate degree 832 (19.21) 34 (15.2)

 Health insurance, n (%) <0.001

  Yes 4056 (93.6) 220 (99.1)

  No 277 (6.4) 2 (0.9)

 Site, n(%) 0.03

  Wake Forest University 605(13.9) 39(17.5)

  Columbia university 598(13.8) 34(15.2)

  Johns Hopkins University 646(14.9) 31(13.9)

  University of Minnesota 702(16.2) 49(22.0)

  Northwestern university 809(18.6) 36(16.1)

  University of California, Los Angles 980(22.6) 34(15.2)

Cardiovascular risk factors

 Systolic blood pressure, mm Hg; mean ± SD 122.6 ± 20.2 131.2 ± 23.1 <0.001

 Diastolic blood pressure, mm Hg; mean ± SD 69.7 ± 9.9 68.3 ± 10.3 0.03

 Estimated glomerular filtration rate, mL/min; mean ± SD 79.3 ± 17.6 71.6 ± 19.2 <0.001

 Hypertension medication use, n (%) 1,898 (44.4) 141 (65.0) <0.001

 Heart rate, mean ± SD 64.9 ± 10.2 65.6 ± 12.4 0.31

 Body mass index, kg/m2; mean ± SD 28.3 ± 5.5 27.4 ± 4.8 0.02

 HDL cholesterol, mg/dL; mean ± SD 51.5 ± 15.05 51.9 ± 14.8 0.75

 Total cholesterol, mg/dL; mean ± SD 188.2 ± 36.5 182.9 ± 35.2 0.04

 Antihyperlipidemic use, n (%) 1,181 (27.6) 74 (34.1) 0.02

 Diabetes mellitus, n (%) 642 (14.8) 33 (14.8) 0.99

 Smoking status, n (%) 0.18
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Characteristics No Dementia (N=4,340) Dementia (N= 223) P-value

  Never 1,973 (45.8) 90 (40.7)

  Former 1,904 (44.2) 112 (50.7)

  Current 433 (10.0) 19 (8.6)

ApoE isoforms, n(%) 0.59

 e2/e2 34(0.8) 1(0.5)

 e2/e3 492(11.7) 25(11.6)

 e2/e4 95(2.3) 5(2.3)

 e3/e3 2557(60.9) 120(55.8)

 e3/e4 928(22.1) 58(27.0)

 e4/e4 94(2.2) 6(2.8)

NT-proBNP at MESA 1, pg/mLMedian (IQR) 51.0 (22.9, 102) 117.3 (52.0, 213) <0.001

NT-proBNP at MESA 3, pg/mLMedian (IQR) 63.7(31.3, 125.3) 146.7(69.0, 317.4) <0.001

Change in NT-proBNP, pg/mL Median (IQR) 11.0 (−9.3, 41.3) 31.2 (−6.8, 102.1) <0.001
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Table 2.

Hazard ratio of association between change in log-NT-ProBNP level (pg/mL) and risk of future all-cause 

hospitalized dementia

Hazard ratio (95% CI) P-Value

Change in log-NT-proBNP

Unadjusted 1.21(1.04–1.42) 0.013

Model 1 1.24(1.03–1.49) 0.024

Model 2 1.25(1.02–1.52) 0.029

Model 3 1.25(1.03–1.53) 0.026

Model 4 1.28(1.001–1.64) 0.049

Increase of ≥ 25% in NT-proBNP

Unadjusted 1.45(1.11–1.89) 0.007

Model 1 1.38(1.05–1.81) 0.019

Model 2 1.48(1.1–2.0) 0.011

Model 3 1.49(1.1–2.01) 0.010

Model 4 1.55(1.10–2.25) 0.023

Any decrease in NT-proBNP

Unadjusted 0.73(0.54–0.97) 0.032

Model 1 0.74(0.56–0.99) 0.041

Model 2 0.70(0.50–0.97) 0.03

Model 3 0.70(0.50–0.97) 0.03

Model 4 0.71(0.47–1.1) 0.101

Model 1 was adjusted for age, sex, race/ethnicity, and Log-NT-proBNP at MESA exam 1.

Model 2 included all variables in model 1 in addition to ApoE lipoprotein isoforms and traditional cardiovascular disease risk factors and 
socioeconomic status at MESA exam 3, including systolic blood pressure, use of antihypertensives, resting heart rate, high-density lipoprotein, total 
cholesterol, antihyperlipidemics, body mass index, glomerular filtration rate, diabetes mellitus, income, education level, health insurance status, 
cigarette smoking and study field center at MESA exam 3 and coronary artery calcium score at MESA exam 1.

Model 3 was adjusted for all variables in model 2 and interim cardiovascular events, including coronary events, heart failure, and clinical stroke as 
time-varying covariates.

Model 4 was adjusted for all variables in model 3 and left ventricular end diastolic volume, left ventricular ejection fraction, and left ventricular 
mass at MESA exam 1.
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Table 3.

Risk prediction metrics for the baseline and change in log-NT-proBNP (pg/mL) for predicting future all-cause 

hospitalized dementia

Model Harrell’s C-Statistic (95% CI) P-Value

Multivariable model 0.85(0.83–0.88) Ref

Multivariable model + Baseline log-NT-proBNP 0.85(0.83–0.88) 0.26

Multivariable model + Baseline and change in log-NT-proBNP 0.87(0.84–0.89) 0.049

Multivariable model adjusted for baseline demographics (age, sex, race/ethnicity), ApoE lipoprotein isoforms and traditional cardiovascular disease 
risk factors and socioeconomic status at MESA exam 3, including systolic blood pressure, use of antihypertensives, resting heart rate, high-density 
lipoprotein, total cholesterol, antihyperlipidemics, body mass index, glomerular filtration rate, diabetes mellitus, income, education level, health 
insurance status, cigarette smoking and study field center at MESA exam 3 and coronary artery calcium score at MESA exam 1 and interim 
cardiovascular events, including coronary events, heart failure, and clinical stroke as time-varying covariates.
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Table 4.

Association of log-NT-proBNP at MESA exams 1 and 3 and its change with measures of cognitive function at 

MESA exam 5, β (p value)

NT-proBNP MESA exam 1 MESA exam 3 Change in log-NT-proBNP

Cubic transformed CASI −7808.98 (0.009) −4475.95(0.15) 3317.71(0.33)

Digit span, forward −0.06(0.2) −0.07(0.16) −0.008(0.88)

Digit span, backward −0.12(0.003) −0.06(0.18) −0.06(0.18)

CASI: Cognitive Abilities Screening Instrument. Mean CASI and cubic-transformed CASI for the cohort is 87.1 (11.2) and 689374.6(189370.9).

Regression coefficients adjusted for baseline demographics (age, sex, race/ethnicity), ApoE lipoprotein isoforms and traditional cardiovascular 
disease risk factors and socioeconomic status at MESA exam 3, including systolic blood pressure, use of antihypertensives, resting heart rate, high-
density lipoprotein, total cholesterol, antihyperlipidemics, body mass index, glomerular filtration rate, diabetes mellitus, income, education level, 
health insurance status, cigarette smoking and study field center at MESA exam 3 and coronary artery calcium score at MESA exam 1 and interim 
cardiovascular events, including coronary events, heart failure, and clinical stroke as time-varying covariates.
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