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Abstract

Background—Natriuretic peptides (NP’s) have prognostic value across a wide spectrum of
cardiovascular diseases and may predict cognitive dysfunction in patients with cardiovascular
disease even in the absence of prior stroke. Little is known about the association of NP’s with
cognitive function in community-dwelling adults. We assessed the association between NT-
proBNP levels and cognitive function in community-dwelling ambulatory older adults in the
Rancho Bernardo Study.

Methods—We studied 950 men and women, aged 60 years and older, who attended a research
clinic visit where a medical history and examination were performed, and blood for cardiovascular
disease risk factors and NT-proBNP levels were obtained. Three cognitive function tests were
administered: Mini Mental State Exam (MMSE), Trail-Making Test B (Trails B), and Category
Fluency.

Results—~Participants with high NT-proBNP levels (=450 pg/mL, n=198) were older and had a
higher prevalence of coronary heart disease (12% vs. 30%), and stroke (5% vs. 11%) (both
p’s<0.001). In unadjusted analyses, all three cognitive function test scores were significantly
associated with NT-proBNP levels (p<0.001). After adjusting for age, sex, education,
hypertension, body mass index, exercise, alcohol use, smoking, low density lipoprotein
cholesterol, creatinine clearance, and prior cardiovascular disease, elevated NT-proBNP levels
remained independently associated with poor cognitive performance on MMSE (odds ratio [95%
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confidence interval] 2.0 [1.1-3.6], p=0.02) and Trails B (1.7 [1.2-2.7], p=0.01), but not Category
Fluency (1.4 [0.9-2.2], p=0.19). Results were unchanged after excluding the 6% of participants

with a hist

Conclusi

ory of stroke.

ons—NT-proBNP levels were strongly and independently associated with poor

cognitive function in community-dwelling older adults.
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INTRODUCTION

METHODS

Cardiovascular disease is associated with cognitive deficits in patients without a history of
stroke.! Coronary heart disease, congestive heart failure, and hypertension (even when
controlled) have been associated with reduced cognitive function.1> However, by the time
cognitive dysfunction becomes clinically apparent, significant cerebral damage may have
already occurred.® Because of this, there is an urgent need for early markers of cognitive
dysfunction.

Natriuretic peptides (NP’s), neurohormones released from cardiomyocytes in response to
stretch, have prognostic value across a wide spectrum of cardiovascular disease, and are
predictive of future cardiovascular morbidity and mortality in apparently healthy
individuals.8-11 A small study of 56 older adults reported that NP’s can predict cognitive
function in patients with cardiovascular disease in the absence of a prior stroke.12 However,
little is known about the association of NP’s with cognitive function in community-dwelling
individuals.

The release of NP’s by the heart reflects the cumulative effects of a number of
pathophysiologic pathways which, in concert, result in cardiomyocyte strain. Because
previous studies have shown that elevated NP levels are triggered not just by overt
cardiovascular disease and heart failure but also by subclinical disease processes and even
by cardiovascular risk factors,13-15 and because of the increasingly recognized link between
cardiovascular disease and cognitive dysfunction,1:416 we hypothesized that NP’s may be
associated with cognitive impairment early in the disease process. The purpose of this study
was to assess the cross-sectional association between N-terminal pro B-type NP (NT-
proBNP) levels and cognitive function in a population-based sample of ambulatory
community-dwelling older adults in the Rancho Bernardo Study.

Study Population

The Rancho Bernardo Study is a prospective, population-based study of the epidemiology of
chronic disease. Between 1972-1974, all community-dwelling residents (ages 30 to 79
years) of Rancho Bernardo, a community in Southern California, were invited to participate,
and 82% (n=5,052) enrolled. Nearly all were Caucasian, middle to upper-middle class, and
relatively well-educated. The present analysis consists of the 950 of 1,096 surviving, locally
resident participants who underwent cognitive function testing at a follow-up visit between
1997-1999, and who had frozen plasma available for NT-proBNP analysis. The study
protocol was approved by the human research protection program at the University of
California at San Diego (La Jolla, California); all participants gave written informed consent
prior to participation.
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Data Collection

At the 1997-1999 research visit, information was collected on demographics, medical
history, and lifestyle. Information on physical activity (exercise 3+ times/week, yes/no),
alcohol consumption (3+drinks/week, yes/no), and current smoking (yes/no) were obtained
using standard Rancho Bernardo Study questionnaires. Current medication use was
validated by examination of pills and prescriptions. Blood pressure was measured in seated,
resting subjects;1 the mean of two readings was used. Body mass index (BMI) was derived
from height and weight measured with participants wearing light clothing and no shoes.
Diabetes was defined by a fasting plasma glucose level >126mg/dl, reported physician
diagnosis, or use of diabetes medications. Hypertension was defined by use of anti-
hypertensive medication, or resting blood pressure >140mmHg systolic or 90mmHg
diastolic. Estimated creatinine clearance (CrCl) was calculated using the Cockroft-Gault
formula.18:19 Prevalent coronary heart disease was defined as a history of physician-
diagnosed myocardial infarction or coronary revascularization; prevalent cardiovascular
disease was defined as a history of coronary heart disease or stroke, as previously
described.20 Self-reported cardiovascular disease was validated by review of medical
records in 85% of a random 30% sample.

Laboratory Methods

Blood samples were obtained after an overnight fast; serum and plasma were separated and
stored at —70°C. Lipid and fasting plasma glucose levels were measured as previously
described.? In 2006, the Elecsys® 2010 system (Roche Diagnostics, Indianapolis, Indiana)
was used for analysis of NT-proBNP using the Elecsys® proBNP sandwich immunoassay
(measurable range 5-35,000pg/ml)2122 in plasma from the 1997—1999 research clinic visit,
that had been stored at —70°C. Intra-assay and inter-assay coefficients of variation at various
concentrations of NT-proBNP have been described,?! and NT-proBNP has previously been
shown to have excellent stability and correlation with fresh samples (r=0.99) after long-term
storage even at —20°C.23

Cognitive Function Testing

Mini Mental State Exam (MMSE) (n=950), Trail-Making Test B (Trails B) (n=950), and
Category Fluency (n=939) tests were administered to study participants at the 1997-1999
research visit by specially trained staff who were blinded to the participant’s medical
history. The MMSE is designed to assess orientation, registration, attention, calculation,
language, and recall; this test of global cognitive function is used as a screening test for
possible dementia. Scores range from 0 to 30 with poor performance characterized by a
score <24.24 The Trails B is a test of visuomotor tracking and attention plus executive
function, whereby participants scan a page continuously to identify numbers and letters in a
specified sequence while shifting from number to letter sets. Participants are scored based
on the time it takes to complete the task, with a maximum of 300 seconds allowed; higher
scores reflect poorer performance, with categorical poor performance defined as >132.2° In
the Category Fluency test, an assessment of cognitive flexibility and executive functioning,
participants name as many animals as possible in 1 minute, with higher scores reflecting
more items named correctly; a score <12 is the cut-point for poor performance.26

Statistical Analysis

Continuous variables are presented as means * standard deviation, and dichotomous

variables as percentages. Participants were classified by NT-proBNP level into quartiles and
also into “Low” (<450pg/ml, n=752) and “High” (=450pg/ml, n=198) groups. This cut-point
corresponds to the recommended decision threshold for the general age group represented in
the Rancho Bernardo Study,2! and has been used previously for stratification of community-
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based populations.? Comparisons of risk factors and clinical characteristics between
participants with low versus high NT-proBNP levels were performed with t tests for
continuous variables and Chi-squared tests for categorical variables. HDL, triglycerides, and
NT-proBNP were not normally distributed and were log transformed for analyses; geometric
means are reported.

LogNT-proBNP levels were compared for groups based on quartiles of cognitive function
test score using analysis of variance, with means expressed as the antilogs of transformed
means. Multiple regression analysis was used to examine the association of low vs. high
NT-proBNP with cognitive function test scores before and after adjustment for age, BMI,
and low density lipoprotein (LDL) cholesterol as continuous variables, and for sex,
education, hypertension, exercise, alcohol use, smoking status, and estrogen use (for
women) as categorical variables. The influence of prevalent cardiovascular disease was
tested by further adjusting for a history of cardiovascular disease.

Poor performance on each test was defined using the pre-validated binary cut-points
described above. Logistic regression analysis was used to examine the association between
high NT-proBNP levels and poor performance on each cognitive function test before and
after adjustment for covariates. Again, the influence of prevalent cardiovascular disease was
tested by additionally adjusting for a history of cardiovascular disease, and also by repeating
analyses after excluding those with prior stroke and prior cardiovascular disease. All
statistical tests were two-tailed; p<0.05 was considered statistically significant. Data were
analyzed using SPSS 12.0 (Chicago, IL).

Baseline Characteristics

Demographic, clinical, and laboratory characteristics of this study population by NT-
proBNP level are shown in Table 1. The mean age of participants was 77 (range 60-97)
years; 39% were men. Overall, 12% of the population had diabetes, 66% had hypertension,
and 19% had prevalent cardiovascular disease, including 6% with a prior stroke. Participants
with high NT-proBNP levels (n=198, 21%) were older, and had higher systolic blood
pressure, poorer renal function, and a higher prevalence of hypertension, myocardial
infarction and stroke than participants with low NT-proBNP levels. They also had lower
BMI, lower total and LDL-cholesterol levels, and were less likely to exercise regularly or be
taking statins.

NT-proBNP Levels and Cognitive Function Scores

We first analyzed cognitive function based on quartiles of test scores, and found that NT-
proBNP levels increased with worsening scores (Figure 1A). Comparisons of scores
between participants with categorically-defined low versus high NT-proBNP levels are
shown in Table 2. Before and after adjusting for age, sex, and education, participants with
elevated NT-proBNP had worse scores on each of the three tests. After further adjusting for
hypertension, BMI, exercise, alcohol use, smoking, and LDL-cholesterol, elevated NT-
proBNP levels were still independently associated with worse MMSE and Trails B scores,
and with a similar but nonsignificant trend toward worse scores on Category Fluency
testing. Results were essentially unchanged after additionally adjusting for a history of
cardiovascular disease. Stratification by sex yielded similar results for men and for women,
except NT-proBNP levels were more strongly associated with MMSE scores in women than
in men.
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NT-proBNP Levels and Poor Cognitive Performance

Based on established cut-points, 7% of participants performed poorly on the MMSE, 30%
on Trails B, and 15% on Category Fluency testing. When stratified by NT-proBNP level,
poor performance was more common among participants with increasing quartile of NT-
proBNP for each of the three tests (Figure 1B).

Logistic regression analysis was used to determine the independent association of NT-
proBNP with poor performance for each of the cognitive function tests. In unadjusted
analyses, participants with elevated NT-proBNP levels were almost four times more likely
to have poor MMSE and Trails B scores, and almost three times more likely to have poor
Category Fluency scores compared to those with low NT-proBNP levels (Table 3). After
adjusting for age, sex, and education, high NT-proBNP was still associated with an
increased likelihood of poor cognitive performance on all three tests. Further adjusting for
hypertension, BMI, exercise, alcohol use, smoking, and LDL-cholesterol only moderately
attenuated the risk estimates, although the increased risk was no longer statistically
significant for the Category Fluency test. Further adjustment for use of aspirin or lipid
lowering agents did not materially change the results (data not shown).

Association of NT-proBNP and Cognitive Function in Participants without Prior
Cardiovascular Disease

The influence of prevalent cardiovascular disease on the association between NT-proBNP
levels and poor cognitive function was tested by additionally adjusting for a history of
cardiovascular disease (which includes stroke), and also by repeating the logistic regression
analyses after excluding participants with (1) a history of stroke, or (2) a history of
cardiovascular disease. As shown in Table 3, neither additionally adjusting for a history of
cardiovascular disease, nor excluding participants with prior stroke materially altered the
results. In each case, fully adjusted results were similar to those obtained for the group as a
whole, with a significantly greater likelihood of poor performance on the MMSE and Trails
B tests, and a trend toward a greater likelihood of poor performance on the Category
Fluency test, among participants with elevated NT-proBNP levels.

After excluding participants with a history of cardiovascular disease (i.e. stroke or coronary
heart disease), those with elevated NT-proBNP levels still had an increased likelihood of
poor performance on all three tests in unadjusted analyses, although the association was
attenuated in adjusted models.

DISCUSSION

In this cohort of older community-dwelling adults, NT-proBNP levels were strongly and
independently associated with poor cognitive function. This association was independent of
stroke history, signifying that the association is not merely reflecting prior overt
neurovascular disease.

In our study, the association between NT-proBNP levels and cognitive function was
strongest for the MMSE and Trails B tests, tests of global cognitive function and executive
function respectively, and less so for the Category Fluency test, a test of cognitive flexibility
and executive function which may be more sensitive to education level. The 30-item
MMSE, designed as a screening test for possible dementia, is a relatively insensitive test.
The fact that the association of NP levels with MMSE was significant at all shows this is a
robust association.

To our knowledge, the association between NP levels and cognitive function in community-
dwelling individuals has not been described previously. The only prior study evaluating
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NP’s and cognitive function in non-demented individuals was limited to a small number of
cardiovascular disease patients.12 In that study, BNP levels were predictive of cognitive
function in 56 older adults with a history of cardiovascular disease. A second study found
that BNP levels were associated with vascular dementia but not Alzheimer’s disease,?’
though more recently Buerger et al. found that NP levels were associated with progression
from mild cognitive impairment to clinical Alzheimer’s disease.28 Our results are the first to
show that NP levels are associated with poor cognitive function even among community-
dwelling individuals unselected for cardiovascular disease.

Although data linking NP’s and cognitive dysfunction are sparse, a number of smaller
studies have linked cardiovascular disease with poor cognitive function. Cohen et al.
reported that 35 outpatients with a history of coronary heart disease but without a history of
stroke or other neurologic brain disease had worse performance on tasks of executive
function such as verbal fluency, compared with controls.! Among 62 outpatients with heart
failure, Vogels et al. found that cognitive dysfunction was common, with the most
prominent deficits in the domains of executive function, memory, language, and mental
speed.? Hoth et al. found that heart failure patients performed worse on tests of executive
function and psychomotor speed than patients without heart failure.® This link between
cardiovascular disease and cognitive dysfunction, even in the absence of stroke history, is
consistent with our present findings.

Dementia in the elderly can result from at least three distinct biologic processes:
Alzheimer’s disease, Lewy body disease, and vascular brain injury.2 Of these three entities,
only vascular disease is preventable to any significant degree with current medical
knowledge and practice. Identifying individuals at risk for vascular dementia at an early
stage is therefore desirable. While the present study does not identify the mechanism for the
association between NP levels and cognitive dysfunction, it does lend support to several
hypotheses. Based on what is known about NP’s, the association between NT-proBNP
levels and poor cognitive function may reflect the presence of underlying cardiovascular
disease (including subclinical neurovascular or cardiac disease) or a milieu conducive to the
development of cardiovascular disease, although neurodegenerative disease may also be
playing a role.

Our results suggest that a portion of the association between NT-proBNP and cognitive
dysfunction is due to subclinical rather than overt cardiovascular disease. Others have shown
that elevated levels of NP’s can be found in individuals with subclinical cardiovascular
disease or in those at risk.10 In the Framingham population, Wang et al. found that small
elevations in NP levels predicted future cardiovascular events, including new atrial
fibrillation,8 providing one possible mechanism for our observed association between
cognitive dysfunction and NP levels even after adjusting for a history of cardiovascular
disease.

In addition, recent studies provide data linking subclinical cardiovascular disease to
cognitive dysfunction. A study of community-dwelling adults found that a lower cardiac
index, even at levels still within the normal range, was associated with signs of brain aging
on magnetic resonance imaging.30 Left ventricular dysfunction even in the absence of overt
heart failure, or silent cardiac dysrhythmias, could each increase the risk of cardiogenic
stroke and of impaired cerebral perfusion. Either of these entities could thus lead to both
cognitive impairment and to elevated NP levels. Other factors that may contribute to both
cognitive deficits and elevated NP levels include neurodegenerative disease,28 sleep
apnea,31-33 neurohormonal activation,3* endothelial or other vascular abnormalities,3%:36 or
a direct neurotoxic effect of NP’s (although we are aware of no evidence to support this last
hypothesis).

Am J Med. Author manuscript; available in PMC 2012 July 1.
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Study Strengths and Limitations

A strength of this study is its large, population-based sample, well-characterized for many
potentially confounding covariates. Also, we included three standard cognitive function tests
which measure different domains of cognitive function, and used predefined clinical cut-
points for NP’s and for test scores in order to increase the clinical relevance of the
associations, as well as the likelihood that we are identifying cognitive dysfunction that may
progress to dementia. This study also has several limitations. First, this is not a prospective
analysis, so causality cannot be assumed. It seems unlikely, however, that modestly
impaired cognitive function leads to elevation of cardiovascular disease biomarkers.
Although not prospective, causality is more likely when there is a graded response, as
reported here linking higher NP quartile and increased likelihood of poor cognitive
performance. Second, most of the cohort is fairly well-educated and is largely of European
ancestry; results may not be generalizable to other populations. However, this homogeneity
is also an advantage in the present study because there is less confounding of poor cognitive
test performance due to low socioeconomic status or education.

Although not all domains of cognitive function were tested by our battery of tests, our focus
was on vascular cognitive impairment, where executive function is lost earlier than other
domains such as memory; the cognitive function tests we used (which were recommended
by the Alzheimer’s Disease Research Center) are appropriate to our hypothesis. Finally,
prevalent cardiovascular disease was based on self-report of a physician diagnosis or a
revascularization procedure, which could have resulted in misclassification. As noted in the
Methods section, the cardiovascular disease medical history was validated by medical record
review in a subset of participants. The relatively high education level of participants, their
long term participation, and the interest of older individuals in their health, are all likely to
improve health literacy and the reliability of self-reports.

Conclusions

In this study, NT-proBNP levels were strongly and independently associated with poor
cognitive function in ambulatory community-dwelling older individuals. Individuals with
elevations of NT-proBNP are at increased risk of impaired cognitive performance. Further
studies are needed to elucidate the mechanisms behind this association, which likely reflects
a combination of neurovascular, cardiac, and neurodegenerative etiologies.
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1A. NT-proBNP Level by Quartile of Test Score
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Cognitive Function Test
*For MMSE and Category Fluency, higher score indicates better performance;
for Trails B, higher score indicates poorer performance.
Means are expressed as the antilogs of the transformed means.

1B. Percent of Participants with Poor Performance by
NT-proBNP Quartile

NT-proBNP Level p<0.001
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I Second Quartile
[ Third Quartile
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Figure 1.

A. Mean NT-proBNP level by quartile of cognitive function test performance. Means and
error bars are expressed as the antilog of the transformed means and standard deviations,
respectively. Cut-points for quartile of MMSE scores are: <27, 28, 29, and 30. Cut-points
for Trails B are: <75, <100, <139, and >139. Cut-points for Category Fluency are: <15,
<18, <21, and >21.

B. Percent of participants with poor performance on each cognitive function test, by quartile
of NT-proBNP. Cut-points for quartiles of NT-proBNP are: <74.8 pg/mL, <175.1 pg/mL,
<364.7 pg/mL, and >364.7 pg/mL.

MMSE = Mini Mental State Exam, Trails B = Trail-Making Test B.
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Table 1
Baseline characteristics of the study population
NT-proBNP”
Variable Low High p
(n=752) (n=198)
Age, yrs 749+8.2 82.8+6.6 <0.001
% Male 39.8 36.4 0.38
College graduate, % 40.1 42.0 0.66
High School Graduate, % 98.2 98.8 0.99
Cardiovascular Risk Factors
Hypertension, % 61.2 84.8 <0.001
Heart rate, bpm 65.8+9.2 65.5+11.6 0.76
Systolic BP, mm Hg 135.7+18.7 147.1+246 <0.001
Diastolic BP, mm Hg 73.9+8.7 72.2+11.0 0.046
Current smoking, % 4.0 4.0 0.97
Ever smoked, % 53.7 56.1 0.56
Diabetes, % 11.2 13.6 0.34
Pre-Existent Disease
Ml, % 8.0 258 <0.001
CHD, % 12.1 30.3 <0.001
Stroke, % 4.8 111 0.001
CVD, % 14.6 36.4 <0.001
Medication Use
Aspirin, % 41.9 37.1 0.22
Lipid-Lowering, % 19.6 12.7 0.025
Nutrition and Activity
Body mass index, kg/m? 256+4.1 244+41  <0.001
Exercise 23x/wk, % 76.7 62.6 <0.001
Alcohol 23x/wk, % 49.6 48.0 0.69
Laboratory Values
Fasting glucose, mg/dl 103.7+20.6 103.9+21.0 0.86
CrCl, ml/min 66.1+23.1 479+179 <0.001
TriglyceridesT, mg/ld 110.2 102.2 0.093
HDL cholesteroIT, mg/dl 57.5 58.3 0.65
LDL cholesterol, mg/dl 1229+31.8 1134+34.0 <0.001
NT-proBNPT, pg/m 112.0 973.0 <0.001
Poor Performance on:
MMSE, % 51 16.7 <0.001
Trails B, % 23.4 53.6 <0.001
Category Fluency, % 11.6 26.3 <0.001

*
For NT-proBNP groups, "Low " is <450 pg/ml; "High" is 2450 pg/ml.
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t .
Geometric mean

BP=blood pressure; BPM=beats per minute; CHD=coronary heart disease; CrCl=creatinine clearance; CVD=cardiovascular disease; HDL=high-
density lipoprotein; LDL=Ilow -density lipoprotein; MI=myocardial infarction; MMSE=Mini Mental State Exam; NT-proBNP=N-terminal pro B-
type natriuretic peptide.
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Table 3

Association of high NT-proBNP with poor performance on cognitive function tests.

All Participants  Participants Without Prior Stroke  Participants Without Prior CVD

1duasnue Joyiny vd-HIN

Model

(n=950)
OR (95% CI)”

(n=892)
OR (95% CI)”

(n=768)
OR (95% CI)”

MMSE
Unadjusted

Age, sex, education

All covariates’

All covariates + prior CVD

Trails B
Unadjusted

Age, sex, education

All covariates’

All covariates + prior CVD
Category Fluency

Unadjusted

Age, sex, education

All covariates’

All covariates + prior CVD

3.76 (2.29-6.17)
2.04 (1.18-3.52)
1.96 (1.09-3.52)

1.98 (1.09-3.57)

3.78 (2.72-5.26)
1.84 (1.26-2.67)
1.80 (1.21-2.67)

1.66 (1.12-2.48)

2.72 (1.85-4.01)
1.54 (1.004-2.36)
1.36 (0.86-2.13)

1.36 (0.86-2.15)

4.12 (2.44-6.95)
2.18 (1.22-3.90)
2.03 (1.10-3.78)

2.13 (1.14-3.98)

3.62 (2.56-5.13)
1.67 (1.12-2.49)
1.69 (1.11-2.57)

1.64 (1.07-2.51)

2.90 (1.93-4.35)
1.62 (1.03-2.55)
1.43 (0.89-2.31)

1.46 (0.90-2.36)

3.81 (2.12-6.87)
1.90 (0.98-3.72)
1.62 (0.80-3.29)

N/A

3.48 (2.33-5.20)
1.47 (0.93-2.34)
1.49 (0.92-2.43)

N/A

2.47 (1.54-3.95)
1.26 (0.74-2.13)
1.09 (0.62-1.90)

N/A

*
Odds ratio is for risk of poor performance in participants with High vs. Low NT-proBNP

All covariates = age, sex, education, hypertension, BMI, exercise, alcohol use, current smoking, LDL cholesterol, creatinine clearance

CVD = cardiovascular disease; MMSE = Mini Mental State Exam; OR = odds ratio
t
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For Trails B testing, n=939 (883 without prior stroke; 761 without prior CVD).
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