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OBJECTIVE: To determine the predictive value of atrial natriuretic
peptide (ANP), N-terminal pro-ANP (NT-proANP), and N-terminal
pro-B-type natriuretic peptide (NT-proBNP) for mortality and car-
diovascular events in the general population in the absence of
overt heart failure (HF).

PARTICIPANTS AND METHODS: We identified a community-based
cohort of 2042 individuals. Those with stage C or D HF (n=45) and
renal insufficiency (n=6) were excluded from the current study. Of
the remaining individuals, 1769 (89%) underwent echocardiogra-
phy and measurement of plasma ANP, NT-proANP, and NT-proBNP.
Participants were followed up from January 1, 1997, to May 1,
2009, for mortality, HF, myocardial infarction (MI), and cerebro-
vascular accident; median follow-up was 9 years.

RESULTS: After adjustment for conventional clinical risk factors,
NT-proANP had significant predictive value for mortality but not
for HF, M, or cerebrovascular accident, whereas ANP lacked any
predictive value. The predictive value of NT-proANP for mortality
was attenuated after adjustment for structural and functional car-
diac abnormalities. In contrast, NT-proBNP had predictive value for
mortality, HF, and MI after adjustment for conventional risk factors
and retained significance for mortality and HF after adjustment for
structural and functional cardiac abnormalities.

CONCLUSION: Our results suggest that NT-proBNP is a more ro-
bust cardiac biomarker compared with ANP or NT-proANP and is
independently predictive of mortality and HF in the general popula-
tion free of overt HF.
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ANP = atrial natriuretic peptide; BMI = body mass index; BNP = B-type
natriuretic peptide; CVA = b ular ident; HF = heart failure;
HR = hazard ratio; Ml = myocardial infarction; NT-proANP = N-terminal
pro-ANP; NT-proBNP = N-terminal pro-BNP

he discovery of atrial natriuretic peptide (ANP) and B-

type natriuretic peptide (BNP) and subsequent studies
regarding their synthesis, release, and pleiotropic actions in
the control of cardiorenal homeostasis have firmly estab-
lished the heart as an endocrine organ. Both ANP and BNP
are secreted from the heart primarily in response to myo-
cardial stretch and as a result have diagnostic and prognos-
tic utility among patients with heart failure (HF).!

In the absence of HF, we® and others” have reported that
plasma BNP has independent prognostic value for mortality
and cardiovascular morbidity beyond conventional cardio-
vascular risk factors. The predictive value of BNP beyond
HF may reflect BNP release mechanisms beyond simple
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hemodynamics, including myocardial hypoxia and inflam-
mation, which occur early in cardiovascular disease.'” Im-
portantly, Wang et al’ from the Framingham Heart Study
have also reported that N-terminal pro-ANP (NT-proANP)
provides incremental predictive utility for mortality and
cardiovascular events similar to that of BNP. Further, Ler-
man et al'! have previously reported
the potential utility of NT-proANP as
a biomarker to aid in the diagnosis of
asymptomatic left ventricular dysfunc-
tion. Although these authors have asked
for validation of these findings, to date, confirmation of the
predictive utility of NT-proANP in an additional large, com-
munity-based study has not been reported. In addition, there
are no published reports of the predictive utility of ANP in
large, well-characterized community-based cohorts.

The current study was designed to confirm and extend
these previous reports.®™2 We sought to confirm the predic-
tive utility of NT-proANP for mortality and cardiovascular
events in the general population without HF. In addition, for
the first time we evaluated the predictive utility of the biologi-
cally active ANP. Finally, we compared the diagnostic util-
ity of ANP and NT-proANP with that of N-terminal proBNP
(NT-proBNP), the most robust biomarker of the BNP assays
for mortality and cardiovascular morbidity.® We hypothesized
that NT-proANP would have greater predictive utility than
ANP because of its longer half-life and its greater stability in
circulation. Further, we hypothesized that NT-proBNP would
be a superior biomarker to NT-proANP because BNP, in con-
trast to ANP, is activated by hemodynamic and nonhemody-
namic mechanisms in cardiovascular disease states.'*!>!”
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PARTICIPANTS AND METHODS

The Mayo Clinic and Olmsted Medical Center Institutional
Review Boards approved this study.

The resources of the Rochester Epidemiology Project were
used to identify a random sample of 2042 Olmsted County,
Minnesota, residents aged 45 years or older. The design and
selection criteria used in this community-based cohort study
have been described previously, as have the characteristics of
the Olmsted County population.'®?! Of the total sample, 45
individuals (2.2%) were excluded because of symptomatic
HF (stage C and D HF by American College of Cardiology/
American Heart Association guidelines®®). An additional 6 in-
dividuals (0.3%) were excluded because of plasma creatinine
levels greater than 2.0 mg/dL (to convert to umol/L, multiply
by 88.4), which is consistent with previous reports.®’® In the
remaining 1991 individuals, baseline ANP, NT-proANP, and
NT-proBNP levels were obtained in 1866 (94%), 1831 (92%),
and 1932 (97%), respectively. Only the 1769 individuals
(89%) who had assessment of all 3 assays (ANP, NT-proANP,
and NT-proBNP) are included in our analysis.

Main OutcomE IVIEASURES

The Rochester Epidemiology Project maintains a unified
medical record including mortality data for Olmsted County.
Participants were followed up from January 1, 1997, until
May 1, 2009, when they were censored. This length of study
provided a median (25th, 75th percentile) follow-up of 9.1
(8.5, 9.9) years for mortality. Participants were also followed
up for the first incidence of HE, myocardial infarction (MI),
stroke, or transient ischemic attack. Stroke and transient ische-
mic attack were grouped together under the term cerebrovas-
cular accident (CVA). Analyses were restricted to participants
who had never had the outcome being studied. Heart failure
was defined as International Classification of Diseases, Ninth
Revision (ICD-9) code 402 or 428. Cerebrovascular accident
included ICD-9 codes 430-438. Myocardial infarction was
defined as ICD-9 code 410 or 412. The median (25th, 75th
percentile) follow-up for HE, MI, and CVA was 9.0 (7.5, 9.8),
9.0 (7.7, 9.8), and 8.9 (6.6, 9.8) years, respectively.

DopPLER ECHOCARDIOGRAPHY

A single echocardiologist (M.M.R.), who was blinded to
natriuretic peptide values, interpreted all echocardiograms.
In each participant, ejection fraction, left ventricular mass/
hypertrophy, left atrial size/enlargement, and valvular
stenosis/regurgitation were assessed, and diastolic func-
tion was categorized as previously described.!®?3-2¢

NATRIURETIC PEPTIDE AssAys

Blood samples were collected in EDTA Vacutainers (Bec-
ton, Dickinson and Company), placed on ice, centrifuged
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within 2 hours, separated into multiple aliquots, and placed
in a freezer at —80°C. Each assay was performed with a
new aliquot that had never been thawed. Both NT-proANP
and ANP were measured by radioimmunoassay as de-
scribed previously.>’ Plasma NT-proBNP was measured by
electrochemiluminescence immunoassay as described pre-
viously.?"?’ Interassay and intra-assay coefficients of varia-
tion for NT-proANP, ANP, and NT-proBNP were 9% and
6%, 24% and 7%, and 3.1% and 2.5%, respectively.

STATISTICAL ANALYSES

Continuous variables were expressed as mean * standard
deviation and categorical variables by percentage. The
Kaplan-Meier method was used to estimate survival and
event-free rates. Cox proportional hazards regression was
used to assess the association of outcomes with clinical
and echocardiographic variables and natriuretic peptide
levels. Only participants who had never had the outcome
being studied were included in the analyses. Hazard ratios
(HRs) were calculated from unadjusted analyses; after
adjustment for age, sex, and body mass index (BMI); and
from a multivariable model (multivariable model 1) with
conventional cardiovascular risk factors (age, sex, BMI,
diabetes mellitus, hypertension, smoking status, total cho-
lesterol, coronary artery disease, and serum creatinine).
Body mass index was analyzed as a categorical variable
(<20, 20-25, 26-30, and >30). A final model (multivari-
able model 2) included both conventional cardiovascular
risk factors and echocardiographic abnormalities (ejec-
tion fraction <50%, diastolic dysfunction, valvular dys-
function, left ventricular hypertrophy, left atrial enlarge-
ment, and wall motion abnormalities).

RESULTS

Of the 1769 participants, 937 (53%) were women. Mean
age (SD) was 62 (10) years. Body mass index (SD) was
28 (5), and the incidence of hypertension and diabetes was
29% and 7%, respectively. Age- and sex-specific median,
80th percentile, and tertile values for NT-proANP, ANP,
and NT-proBNP are represented in Table 1. Female sex
and age greater than 65 years were associated with higher
NT-proANP, ANP, and NT-proBNP values. Importantly,
the NT-proBNP age- and sex-specific 80th percentile and
highest tertile values are well below current HF diagnosis
thresholds.?! There were 173 deaths and 162 HF, 107 MI,
and 241 CVA events.

N-TermiNAL PrRo-ANP

Mortality and HF according to age- and sex-specific ter-
tiles of NT-proANP are shown in Figures 1A and 2A. The
unadjusted incidence of mortality and HF events signifi-
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TABLE 1. Baseline Sex- and Age-Specific Plasma Natriuretic Peptide Levels (N=1769)

Women Men
(n=937; 53%) (n=832; 47%)
Age <65y Age 265y Age <65y Age 265y
(n=557; 31%) (n=380; 21%) (n=526; 30%) (n=306; 17%)

Plasma NT-proANP (pmol/L)

Median 2005 3089 1607 2825

80th percentile 3225 4614 2626 4616

Lowest tertile <1556 <2499 <1233 <2234

Highest tertile >2613 >3747 >2044 >3603
Plasma ANP (pg/mL)

Median 11.0 139 9.5 13.5

80th percentile 17.1 20.8 14.5 21.1

Lowest tertile <8.4 <11.1 <7.1 <10.3

Highest tertile >13.9 >17.3 >12.5 >16.2
Plasma NT-proBNP (pg/mL)

Median 66 143 24 106

80th percentile 126 318 64 305

Lowest tertile <47 <101 <13 <62

Highest tertile >96 >226 >37 >165

ANP = atrial natriuretic peptide; NT-proANP = N-terminal proANP; NT-proBNP = N-terminal pro-B-type natriuretic peptide.

cantly increased with increasing tertiles of NT-proANP.
Adjusted HRs for mortality, HF, MI, and CVA according
to baseline NT-proANP (above the age- and sex-specific
80th percentile) are shown in Table 2. Models adjusted

for age, sex, and BMI suggest that NT-proANP is asso-
ciated with increased mortality, HF, and MI. After ad-
justment for conventional clinical risk factors (multivari-
able model 1), including hypertension, coronary artery
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FIGURE 1. Kaplan-Meier curves for mortality in the sample population according to age- and sex-specific tertiles of N-terminal pro-atrial natriuretic
peptide (NT-proANP) (A), atrial natriuretic peptide (ANP) (B), and N-terminal pro-B-type natriuretic peptide (NT-proBNP) (C). Age- and sex-specific
tertile values of NT-proANR ANR and NT-proBNP are shown in Table 2. P value is for trend across the tertiles.
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TABLE 2. Hazard Ratios for NT-proANP, ANP, and NT-proBNP Values Above the 80th Percentile®”

NT-proANP ANP NT-proBNP
Outcome HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value

Death (n=173)

Unadjusted model 2.15(1.57-2.93) <.001 1.94 (1.41-2.67) <.001 3.35(2.49-4.50) <.001

Adjusted for age, sex, and BMI 1.54 (1.12-2.12) .007 1.34 (0.96-1.86) .09 2.21(1.62-3.01) <.001

Multivariable model 1° 1.46 (1.04-2.04) .03 1.26 (0.89-1.79) .20 2.22 (1.59-3.10) <.001

Multivariable model 2¢ 1.27 (0.89-1.82) .19 1.11 (0.77-1.61) .58 1.80 (1.24-2.62) .002
Heart failure (n=162)

Unadjusted model 1.90 (1.36-2.64) <.001 1.99 (1.43-2.77) <.001 4.33(3.19-5.89) <.001

Adjusted for age, sex, and BMI 1.69 (1.21-2.36) .002 1.58 (1.13-2.22) .008 3.70 (2.70-5.06) <.001

Multivariable model 1° 1.37 (0.97-1.95) .08 1.36 (0.95-1.53) .09 3.04 (2.18-4.26) <.001

Multivariable model 2¢ 1.19 (0.82-1.73) 35 1.05 (0.73-1.53) 78 2.37 (1.64-3.41) <.001
Myocardial infarction (n=107)

Unadjusted model 1.85 (1.23-2.77) <.001 1.65 (1.09-2.52) .02 2.18 (1.46-3.24) <.001

Adjusted for age, sex, and BMI 1.68 (1.11-2.54) .01 1.45 (0.95-2.22) .09 1.96 (1.31-2.94) .001

Multivariable model 1° 1.57 (1.03-2.40) .04 1.19 (0.75-1.86) 46 1.70 (1.10-2.63) .02

Multivariable model 2¢ 1.43 (0.90-2.25) 13 0.98 (0.60-1.60) .94 1.33 (0.82-2.16) 26
Cerebrovascular accident (n=241)

Unadjusted model 1.31 (0.98-1.75) .07 1.43 (1.07-1.91) .02 1.84 (1.40-2.42) <.001

Adjusted for age, sex, and BMI 1.08 (0.80-1.45) .61 1.16 (0.87-1.56) 31 1.45 (1.10-1.92) .009

Multivariable model 1° 0.95 (0.70-1.29) 73 1.02 (0.75-1.39) .88 1.27 (0.94-1.72) 11

Multivariable model 2¢ 0.96 (0.70-1.31) 79 1.03 (0.75-1.42) .84 1.26 (0.92-1.74) 15

% ANP = atrial natriuretic peptide; BMI = body mass index; CI = confidence interval; HR = hazard ratio; NT-proANP = N-terminal pro-ANP; NT-proBNP = N-

terminal pro-B-type natriuretic peptide.

b Age- and sex-specific 80th percentile ANP, NT-proANP, and NT-proBNP values are shown in Table 2.
¢ Multivariable model 1: Adjustment for age, sex, BMI, total cholesterol, serum creatinine, smoking status, presence of diabetes mellitus, hypertension, and

coronary artery disease.

4 Multivariable model 2: Adjustment for variables in model 1 in addition to presence of ejection fraction <50%, diastolic dysfunction, valvular dysfunction, left

ventricular hypertrophy, left atrial enlargement, and wall motion abnormalities.

disease, serum creatinine, and diabetes mellitus, NT-
proANP retained significant predictive value for mortal-
ity. After adjustment for cardiac structural and functional
abnormalities (multivariable model 2), NT-proANP lost
all predictive value.

ATRIAL NATRIURETIC PEPTIDE

Mortality and HF according to age- and sex-specific ter-
tiles of ANP are shown in Figures 1B and 2B. As with
NT-proANP, the unadjusted incidence of mortality and HF
events increased with increasing tertiles of ANP. Adjusted
HRs for mortality and cardiovascular morbidity according
to baseline ANP are shown in Table 2. Models adjusted for
age, sex, and BMI suggest that ANP is associated with in-
creased risk of HF (but not mortality, MI, or CVA). Adjust-
ment for conventional clinical risk factors (multivariable
model 1) attenuated any significant increased risk associ-
ated with higher ANP levels for all outcomes.

N-TermiNAL Pro-BNP

Mortality and HF according to age- and sex-specific ter-
tiles of NT-proBNP are shown in Figures 1C and 2C. As
with NT-proANP, the unadjusted incidence of mortality
and HF events significantly increased with increasing ter-
tiles of NT-proBNP. Adjusted HRs for mortality and car-
diovascular morbidity according to baseline NT-proBNP
are shown in Table 2. Models adjusted for age, sex, and
BMI suggest that higher NT-proBNP levels are associ-
ated with increased risk of mortality, HF, MI, and CVA.

Mayo Clin Proc. * December 2011;86(12):1154-1160

After adjustment for conventional clinical risk factors
(multivariable model 1), elevated NT-proBNP remained
significantly associated with increased mortality, HF,
and MI (but not CVA). In multivariable model 2, which
adjusts for structural and functional cardiac abnormali-
ties in addition to conventional clinical risk factors, NT-
proBNP retained predictive significance for mortality
and HF (but not MI or CVA).

We next assessed whether the addition of NT-proBNP
to multivariable models would attenuate the predictive
value of an elevated NT-proANP (the more robust of the
ANP-based biomarkers) for mortality and cardiovascular
morbidity. When NT-proBNP was added to multivariable
model 1, which adjusts for conventional clinical risk fac-
tors, all significant predictive value for NT-proANP was
lost (Figure 3A). In contrast, NT-proBNP retained signifi-
cant predictive value for mortality and HF (but not MI or
CVA) after the addition of NT-proANP to multivariable
model 1 (Figure 3B).

DISCUSSION

To our knowledge, the current study is the first to analyze
and compare the predictive significance of NT-proANP,
ANP, and NT-proBNP in a large, well-characterized com-
munity-based cohort without HF. Our results demonstrate
that NT-proANP possesses significant predictive ability for
mortality beyond conventional clinical risk factors. In con-
trast, ANP entirely lacked significant predictive value for
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FIGURE 2. Kaplan-Meier curves for heart failure in the sample population according to age- and sex-specific tertiles of N-terminal pro-atrial natri-
uretic peptide (NT-proANP) (A), atrial natriuretic peptide (ANP) (B), and N-terminal pro-B-type natriuretic peptide (NT-proBNP) (C). Age- and sex-specific
tertile values of NT-proANR ANR and NT-proBNP are shown in Table 2. P value is for trend across the tertiles.

mortality or cardiovascular morbidity. Importantly, mini-
mally elevated NT-proBNP (well below levels observed in
HF) was independently predictive for mortality, HF, and
MI after adjustment for clinical risk factors and remained
predictive for mortality and HF even after adjustment for
echocardiographic structural and functional abnormalities.
These findings suggest that NT-proBNP is superior to ANP
and NT-proANP as a biomarker for mortality and cardio-
vascular morbidity in the general population without HF.
Further, our results support the conclusion that mild NT-
proBNP elevation may detect preclinical cardiovascular
disease, which has important prognostic implications.

For the first time, in a large community-based cohort,
we report the association of ANP with mortality and
cardiovascular morbidity. Importantly, ANP did not pro-
vide incremental predictive value beyond age, sex, and
BMI, which suggests that ANP levels are not indepen-
dently associated with adverse cardiovascular events in
the general population. In contrast to ANP, our results
suggest that NT-proANP has significant predictive value

1158 Mayo Clin Proc. * December 2011;86(12):1154-1160
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for mortality, HF, and MI in the general population after
adjustment for basic confounders. Further, adjustment
for additional clinical cardiovascular risk factors (mul-
tivariable model 1) did not attenuate the predictive sig-
nificance of NT-proANP for mortality. The mechanism
of the more robust predictive utility of NT-proANP com-
pared with ANP is likely due to differential processing.
While NT-proANP is co-secreted with ANP into circula-
tion in equimolar amounts, NT-proANP is not subject to
the same enzymatic degradation and receptor binding as
ANP." This results in higher and more stable levels of
circulating NT-proANP compared with ANP and likely
accounts for the greater predictive significance of NT-
proANP compared with ANP.

When NT-proANP and NT-proBNP were compared
as predictive biomarkers, NT-proBNP had independent
predictive value for mortality, HF, and MI beyond con-
ventional clinical risk factors, whereas NT-proANP was
not independently predictive of HF or MI. Further, the
addition of NT-proANP to multivariable model 1 (Figure
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FIGURE 3. Hazard ratios for N-terminal pro-atrial natriuretic peptide (NT-proANP) (A) and N-terminal pro-B-type natriuretic peptide (NT-proBNP) (B) for
mortality, heart failure, myocardial infarction, and cerebrovascular accident. Multivariable model 1 is adjusted for age, sex, body mass index, total
cholesterol, serum creatinine, presence of diabetes mellitus, hypertension, and coronary artery disease. In panel A, NT-proBNP is added to multivari-
able model 1, and in panel B, NT-proANP is added to multivariable model 1. Data are presented as hazard ratios with 95% confidence intervals (Cls).

3B) did not attenuate the significant predictive value of
NT-proBNP for mortality and HF. In contrast, the predic-
tive value of NT-proANP for all outcomes was lost when
NT-proBNP was added to multivariable model 1 (Figure
3A). Finally, NT-proBNP was independently predictive of
mortality and HF even after adjustment for structural ab-
normalities of the heart (multivariable model 2), whereas
the predictive significance of NT-proANP was markedly
attenuated after adjustment for structural abnormalities.
Taken together, these results support the conclusion that
NT-proBNP is a more robust biomarker than NT-proANP
in the absence of HF.

The mechanism for the greater predictive value of NT-
proBNP compared with NT-proANP is likely multifacto-
rial. One potential mechanism is related to the half-life
of NT-proBNP, which is longer than that of NT-proANP,
and this may result in more stable levels of NT-proBNP
compared with NT-proANP. We also speculate that dif-
ferential stimuli for release is an important mechanism
for the greater predictive value of BNP compared with
ANP. Studies suggest that ANP may be more a modulator
of acute hemodynamics and blood pressure. In contrast,
BNP release is stimulated by myocardial stretch but is
also related to structural abnormalities including fibrosis
as well as myocardial and peripheral ischemia.!® '*17 Thus,
elevation of NT-proBNP in the absence of HF may better

Mayo Clin Proc. * December 2011;86(12):1154-1160
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correlate with a broader range of disease states associated
with higher cardiovascular risk.

A major strength of this study is the 9 years of follow-
up, in which the risk of mortality and cardiovascular mor-
bidity grows progressively among those with elevated NT-
proBNP values. This key observation strongly suggests
that subtle alterations in myocardial structure and function
identified by minimal NT-proBNP elevation may serve as
a biomarker for preclinical cardiovascular disease and aid
in identifing high-risk individuals. The implications for
prevention suggest the need for studies to attempt to in-
tervene to reduce circulating NT-proBNP in high-risk in-
dividuals to determine whether such a strategy represents
an opportunity to reduce cardiovascular disease.

CONCLUSION

We report that NT-proANP is an independent biomarker
for mortality but not for HF, MI, or CVA and that ANP
entirely lacks independent predictive value in a large
community-based cohort in the absence of HF. Further-
more, our results suggest that NT-proBNP is a more ro-
bust cardiac biomarker compared with NT-proANP and is
independently predictive for mortality and cardiovascular
morbidity beyond conventional clinical risk factors and
structural abnormalities of the heart.
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