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Relation of Brain Natriuretic Peptide Levels to Cognitive Dysfunction in
Adults >55 Years of Age With Cardiovascular Disease

John Gunstad, PhDa,*, Athena Poppas, MDb, Steven Smeal, PhDc, Robert H. Paul, PhDd,
David F. Tate, PhDd, Angela L. Jefferson, PhDe, Daniel E. Forman, MDf,g,h,

and Ronald A. Cohen, PhDd

Cardiovascular disease (CVD) is associated with cognitive deficits long before the onset of
stroke or dementia. Recent work has extended these findings and shown that patients with
congestive heart failure also exhibit reduced cognitive performance. Brain natriuretic
peptide (BNP) is used to help diagnose heart failure, but no study has examined whether
BNP predicts cognitive dysfunction in older patients with CVD. BNP values and perfor-
mance on the Dementia Rating Scale were assessed in 56 older adults with documented
CVD. Forty-eight percent of the participants were women, and their average age was 70 �
8 years. All participants had Mini-Mental State Examination scores greater than the cutoff
for dementia and no histories of neurologic or severe psychiatric disorders. The average
BNP level was 122 � 202 pg/ml. Hierarchical regression analyses showed that log-trans-
formed BNP levels predicted Dementia Rating Scale total score after adjusting for possible
demographic and medical confounders (�R2 � 0.09, F[1, 44] � 6.14, p � 0.017). Partial
correlation analysis adjusting for these possible confounders showed a particularly strong
relation to the conceptualization subtest (r � �0.44, p � 0.002), a measure of verbal and
nonverbal abstraction abilities. In conclusion, the results of the present study provide the
first evidence for an independent relation between BNP and cognitive dysfunction in older
adults with CVD. © 2006 Elsevier Inc. All rights reserved. (Am J Cardiol 2006;98:

538–540)
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e hypothesized that brain natriuretic peptide (BNP) levels
ight predict cognitive dysfunction and assessed BNP lev-

ls and cognitive performance in a sample of older adults
ith documented stable cardiovascular disease (CVD).

• • •
he following methods were approved by the local institu-

ional review board, and all participants provided written
nformed consent.

Fifty-six participants enrolled in a larger, prospective
tudy of the neurocognitive consequences of CVD were
ncluded in the present study. For inclusion into the parent
tudy, all participants had to have documented histories of
VD, be between the ages of 55 and 85 years, have Mini-
ental State Examination total scores greater than the cut-
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ff for dementia,1 and have no histories of neurologic or
evere psychiatric disorders (e.g., stroke, bipolar disorder).
he demographic and medical characteristics of the sample
re presented in Table 1.

BNP levels were obtained on the same day as the neu-
opsychologic battery was conducted and �3 weeks after
ardiac evaluation. BNP levels were quantified using the
ayer Advia Centaur (Bayer HealthCare, Tarrytown, New
ork). Blood samples were sent to the local laboratory for

nalysis. To promote comparison with past studies, BNP
evels were log transformed before statistical analysis to
djust for the skewed distribution.2

The Dementia Rating Scale (DRS) is a commonly used
europsychologic measure that is sensitive to dementia and
ognitive decrease in older adults.3–5 In addition to the DRS
otal score, 5 subtests assess function in different cognitive
omains, namely, attention, initiation and perseveration,
onstruction, conceptualization, and memory. The DRS was
dministered and scored according to established protocols
y a trained research assistant.

A complete transthoracic echocardiogram was obtained
ith 2-dimensional apical views from each participant ac-

ording to the standards of the American Society of Echo-
ardiography. From these data, 2 indexes were derived: the
eft ventricular ejection fraction and cardiac output (CO).
eft ventricular stroke volume was calculated on the basis
f biplane volumes (i.e., stroke volume � [end-diastolic
olume � end-systolic volume]/end-diastolic volume). The

iplane method of discs uses 2 orthogonal views from the
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pex. This directly assessed area is independent of precon-
eived ventricular shape and is less sensitive to geometric
istortions; it is therefore recommended in patients with
oronary artery disease and regional wall motion abnormal-
ties. The biplane method of discs (or Simpson’s rule) cal-
ulates volumes from the summation of areas from diame-
ers of 20 cylinders, discs of equal height; these are
pportioned by dividing the chamber’s longest length into
0 equal sections. The left ventricular ejection fraction was
alculated on the basis of biplane volumes (i.e., ejection
raction � ([end-diastolic volume � end-systolic volume]/
nd-diastolic volume) � heart rate).

CO is the amount of blood in liters per minute that is
umped from the heart to perfuse the systemic circulation.
ecause the flow is pulsatile, CO is a function of stroke
olume and heart rate. Stroke volume can be calculated
s the mean velocity of blood flow leaving the left ven-
ricle, as recorded with Doppler echocardiography, times
he area of the left ventricular outflow tract measured
rom the 2-dimensional echocardiographic image (CO �
time velocity integral � cross-sectional area] � heart
ate). Although this method reflects a noninvasive proce-
ure for obtaining CO, previous research has shown that
ata generated from such noninvasive procedures strongly
orrelate with Doppler-based CO.6

Hierarchical regression analysis was conducted to exam-
ne the relation between BNP levels and DRS total score. In
his analysis, possible demographic (age, gender, education)
nd medical confounding variables (CO, history of hyper-
ension, type 2 diabetes, coronary artery bypass graft, or
alve-related surgery) were entered in the first step. Log-
ransformed BNP levels were entered in the second step.
og transformation was used to reduce positive skew, con-
istent with other studies examining BNP.7

Two-tailed partial Pearson’s correlation analyses were
hen conducted to further clarify the relation between BNP

able 1
emographic and medical characteristics of older patients with

ardiovascular disease (n � 56)

haracteristic Observed Values Clinical Cutoff

ge (yrs) 70 � 8
omen 27 (48%)
hite 43 (77%)

ducation (yrs) 14 � 3
NP (pg/ml) 122 � 202 �100
jection fraction (%) 58 � 13 �50
ardiac output (L/min) 4.4 � 1.4 �4
RS total score 136.4 � 5.5 �122 total points
eart failure 15 (27%)
yocardial infarction 19 (34%)
oronary artery bypass graft 14 (25%)
alve repair/replacement 4 (7%)
trial fibrillation 7 (13%)
ypertension 40 (71%)
ype 2 diabetes mellitus 13 (23%)
nd cognitive dysfunction. Log-transformed BNP levels b
ere correlated with each DRS index after adjusting for the
ffects of the aforementioned demographic and medical
onfounders.

Hierarchical regression showed that BNP levels pre-
icted DRS total score after correcting for possible demo-
raphic and medical confounders. Specifically, log-trans-
ormed BNP levels accounted for an additional 9% of the
ariance in DRS total score after adjusting for the demo-
raphic and medical variables (F[1, 44] � 6.14, p � 0.017).
igure 1 illustrates the relation between DRS total score and
NP levels after adjusting for demographic and medical
onfounders.

After adjusting for the aforementioned demographic and
edical variables, log-transformed BNP levels were signif-

cantly related to DRS total score (r � �0.34, p � 0.02) and
RS conceptualization (r � �0.44, p � 0.002). No such

elations emerged for other DRS subtests.

• • •
he results of the present study indicate an inverse relation
etween BNP levels and cognitive function in older adults
ith CVD. This relation emerged even after adjusting for

he effects of relevant demographic and medical variables.
particularly strong relation was found between BNP and

RS conceptualization, a subtest composed of items tap-
ing verbal and nonverbal abstraction abilities. This finding
s consistent with past studies showing a relation between
VD and reduced executive function.8–10 Of note, BNP

evels were not significantly associated with DRS initiation
nd perseveration (r � �0.20), a subtest composed of tasks
nvolving semantic verbal fluency, reciprocal coordination,
nd pattern generation. Performance on similar tasks is
ften impaired in older adults with CVD, and the reason for
he absence of an effect in the current sample is unknown.8,9

Also unclear is the mechanism by which BNP is related
o cognitive dysfunction. Elevated BNP levels can be found
n patients with ischemic stroke and with adverse blood-

igure 1. Regression scatterplot for the relation between BNP levels and
RS total score after adjusting for demographic and medical confounders.
rain barrier changes, and our sample generated an average
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reater than the cutoff suggested for use in acute care
ettings.11–14 It is possible that patients with CVD with
reater cerebrovascular disease or blood-brain barrier dis-
urbance have higher BNP levels and poorer cognitive func-
ion. Another possible explanation involves endothelial
unction. High levels of BNP are associated with reduced
ndothelial function, particularly in patients with heart fail-
re.15 In turn, endothelial abnormalities have recently been
inked to cerebrovascular disease and reduced cognitive
unction.9,16,17 Further research is needed to clarify the re-
ation between BNP and these possible mechanisms.

There are several limitations of the present study. Al-
hough BNP levels were significantly related to cognitive
erformance in the current sample, further examination in
arger and more diverse samples would strengthen the gen-
ralizability of the findings. Similarly, determining the re-
ation between BNP and cognition in more specific cardiac
isorders may also provide important insight into possible
echanisms. Few studies have directly compared cognitive

erformance between specific CVD patient groups, such as
hose with diastolic versus systolic heart failure and those
ith and without atrial fibrillation. Such studies may pro-
ide key insights into the mechanisms underlying CVD-
elated cognitive dysfunction. Finally, the present study was
ot adequately powered to determine possible interactions
etween medications and BNP levels. Recent work indi-
ates a growing number of medications that may influence
NP levels, and the possible cognitive benefits of those

nterventions are unknown.18
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