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Background: Data on the value of baseline brain natriuretic peptide (BNP) and autonomic markers
in predicting heart failure (HF) hospitalization after an acute myocardial infarction (AMI) are limited.

Methods: A consecutive series of patients with AMI without a previous history of HF (n = 569)
were followed up for 8 years. At baseline, the patients had a blood sample for determination of
BNP, a 24-hour Holter recording for evaluating heart rate variability (HRV) and heart rate turbulence
(HRT), and an assessment of baroreflex sensitivity (BRS) using phenylephrine test.

Results: During the follow-up, 79 (14%) patients were hospitalized due to HF. Increased baseline
BNP, decreased HRV, HRT, and BRS had a significant association with HF hospitalization in univariate
comparisons (P < 0.001 for all). After adjusting with all the relevant clinical parameters, BNP, HRV,
and HRT still significantly predicted HF hospitalization (P < 0.001 for BNP and for the short-term
scaling exponent α1, P < 0.01 for turbulence slope ). In the receiver operator characteristics curve
analysis, the area under the curve for BNP was 0.77, for the short-term scaling exponent α1 0.69, for
turbulence slope 0.71, and for BNP/standard deviation of all N-N intervals ratio 0.80.

Conclusion: Baseline increased BNP and impaired autonomic function after AMI yield significant
information on the long-term risk for HF hospitalization.
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Survivors after acute myocardial infarction (AMI)
who develop late-onset heart failure (HF) have sub-
stantially increased risk of dying.1,2 Several multi-
center studies have shown that preventive mea-
sures can decrease adverse events, including HF
hospitalizations, in HF patients.3–5 Many clinical
factors, such as age, left ventricular ejection frac-
tion, a history of hypertension, diabetes, baseline
heart rate,1 QRS duration,6 and impaired renal
function,7 are known to be related with the risk in
developing HF in post-AMI patients. However, the
value of baseline brain natriuretic peptide (BNP)
and autonomic markers in predicting the long-term
risk for HF hospitalization in patients with AMI
is not well known. Therefore the present study
aimed to evaluate whether these markers obtained
at baseline after AMI have association with the risk
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for HF hospitalization during long follow-up of con-
secutive series of AMI patients.

METHODS

Study Population

The Multiple Risk Factor Analysis Trial included
a consecutive series of patients with AMI during
the first 7 days after the initial event.8,9 The diagno-
sis of AMI was confirmed according to the modern
guidelines.9 The details, including inclusion and
exclusion criteria, of the study are described else-
where.8,9 The study protocol was approved by the
local Ethics Committee. All the patients participat-
ing in the study gave an informed consent. Of the
700 patients with AMI, who were initially included
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in the study, 675 patients were discharged alive. Of
these 675 patients, those with follow-up data about
HF hospitalization for 8 years but without previ-
ous history of HF before AMI were included in the
present analysis.

Risk Factor Analyses

Left ventricular systolic function was measured
with two-dimensional echocardiography from 2 to
7 days after AMI.9 The blood sample for determina-
tion of BNP was taken during the hospital stay after
AMI. Glomerular filtration rate was estimated us-
ing the Modification of Diet in Renal Disease study
equation.10 A 24-hour electrocardiographic record-
ing was obtained using an Oxford Medilog sys-
tem (Oxford Medilog 4500, Oxford Medical Ltd.,
Oxford, United Kingdom) between days 5 and 14
after AMI. The standard deviation of all N-N in-
tervals (SDNN) measured from the 24-hour record-
ing and the short-term scaling exponent α1 using
the detrended fluctuation analysis technique were
chosen as indices of heart rate variability (HRV).
The short-term scaling exponent α1 is a nonlinear
measurement of HRV and it describes the beat-to-
beat dynamics of the RR interval time series. The
details of the detrended fluctuation analysis tech-
nique have been published previously.11–13 The
turbulence slope (TS) was used as an index of heart
rate turbulence (HRT). The highest slope of the re-
gression line over any of the 5 successive sinus beat
RR intervals during first 15 sinus beat RR intervals
after a ventricular premature depolarization was
defined as TS. The averaged RR intervals follow-
ing the ventricular premature depolarizations were
used in the analysis. The details of the method have
been described elsewhere.14,15 The baroreflex sen-
sitivity (BRS) was analyzed between the days 5 and
21 after the AMI as the rate-pressure response to
intravenous phenylephrine using the methodology
described in detail elsewhere.16 A bolus of phenyle-
phrine was injected via a peripheral vein. The slope
of the linear relationship between the length of RR
interval and the preceding systolic pressure value
from the analysis window was calculated to obtain
baroreflex slope. BRS was analyzed from 72% of
the study patients.

Follow-Up and End Point

The patients were followed up for 8 years for
the occurrence of HF hospitalization. The first hos-
pitalization due to HF during the follow-up was

considered as the end point of the present analysis.
The data for mortality are shown for comparative
reasons.

Statistical Analysis

The standard t-test and the chi-square test were
used to assess the statistical significances of dif-
ferences in continuous and categorical variables,
respectively, between the patients who were and
who were not hospitalized due to HF during the
follow-up. The accuracy of BNP and the auto-
nomic markers in predicting HF hospitalization,
and the optimal cut points of these markers, were
determined by the receiver operator characteristics
(ROC) curve analysis. The cumulative proportional
probabilities of HF hospitalization in patients di-
chotomized by the optimal cut points of the risk
markers were illustrated by the Kaplan-Meier
curves. The statistical significance of the differ-
ences between the curves was assessed by the log
rank test. The risk markers were adjusted to age
and gender and other risk variables in the multi-
variate Cox hazards model. The statistical analyses
were done using the SPSS statistical software (ver-
sion 14.0, SPSS Inc., Chicago, IL, USA). A P-value <

0.05 was considered to be statistically significant.

RESULTS

Clinical Characteristics of the Study
Patients

After the 569 patients, included in the present
analysis, were followed up for 8 years, 79 (14%)
were hospitalized due to HF. The clinical charac-
teristics of the patients are shown in Table 1. The
patients who were hospitalized due to HF during
the follow-up, were significantly older, had sig-
nificantly lower left ventricular ejection fraction
and glomerular filtration rate, more frequently a
history of diabetes, previous AMI, hypertension
and stroke, anterior location of AMI, more fre-
quently left ventricular hypertrophy on ECG, more
ventricular premature depolarizations on Holter,
and wider QRS complex than patients without HF
hospitalization. Patients with HF hospitalization
were more frequently on warfarin, angiotensin-
converting enzyme inhibitors/angiotensin II re-
ceptors antagonists, diuretic drugs, digitalis, Ca-
blockers, and amiodarone and less frequently on
statins and aspirin compared with patients without
HF hospitalization.
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Table 1. Clinical Characteristics of Study Patients

No Heart Failure Heart Failure
Hospitalization (n = 490) Hospitalization (n = 79) P

Age (years) 60 ± 10 66 ± 9 <0.001
Male/female 374/116 (76%/24%) 58/21 (73%/27%) 0.6
Ejection fraction (%) 47 ± 8 39 ± 10 <0.001
GFR 78 ± 16 70 ± 19 <0.01
History

Diabetes 74 (15%) 29 (37%) <0.001
Previous AMI 69 (14%) 28 (35%) <0.001
Hypertension 219 (45%) 49 (62%) <0.01
Stroke 23 (5%) 12 (15%) <0.001
Smoking 326 (67%) 52 (66%) 0.8

Type of AMI, Q/non-Q/Int 262/199/22 (53%/41%/4%) 33/40/5 (42%/51%/6%) 0.3
Location of AMI, Ant/Inf/Int 218/222/38 (44%/45%/8%) 41/24/11 (52%/30%/14%) <0.05
LVH 36 (7%) 15 (19%) <0.01
QRS 87 ± 14 93 ± 18 <0.05
VPDs > 10/h on Holter 49 (10%) 20 (25%) <0.001
Nonsustained VT 19 (4%) 4 (5%) 0.6
Medication

β-blockers 473 (97%) 76 (96%) 0.8
Statins 191 (39%) 15 (19%) <0.01
Aspirin 429 (88%) 60 (76%) <0.01
Warfarin 37 (8%) 14 (18%) <0.01
ACE/ATII-inhibitors 161 (33%) 44 (56%) <0.001
Diuretic drugs 70 (14%) 39 (49%) <0.001
Digitalis 11 (2%) 11 (14%) <0.001
Ca-blockers 28 (6%) 12 (15%) <0.01
Amiodarone 4 (1%) 3 (4%) <0.05

The values are means ± SD or the number of the patients. ACE = angiotensin converting enzyme; AMI = acute myocardial
infarction; ATII = angiotensin II; Ca = calcium; GFR = glomerular filtration rate (mL/min/1.73 m2); LVH = left ventricular
hypertrophy on ECG; NYHA = New York Heart Association; Q/non-Q/Int = Q-wave/non-Q-wave/Indeterminate; QRS = QRS
complex duration on ECG (ms); VPDs = ventricular premature depolarizatons; VT = ventricular tachycardia.

Predictors of HF Hospitalization

The baseline BNP, the ratio of BNP to SDNN,
and heart rate were significantly higher and SDNN,

Table 2. BNP and Autonomic Markers in Study Patients

No Heart Failure Heart Failure
Hospitalization (n = 490) Hospitalization (n = 79) P

BNP (pg/mL) 81 ± 89 215 ± 224 <0.001
HRV

SDNN (ms) 100 ± 32 79 ± 28 <0.001
Short-term scaling exponent α1 1.26 ± 0.22 1.07 ± 0.30 <0.001

HRT
TS (ms/NN) 6.17 ± 6.14 2.53 ± 2.77 <0.001

BRS
Rate-pressure response (ms/mmHg) 9.62 ± 8.48 5.70 ± 5.30 <0.001

BNP/SDNN 0.91 ± 1.14 3.15 ± 3.82 <0.001
Heart rate (beats/min) 64 ± 10 69 ± 12 <0.01

The values are means ± SD. BNP = brain natriuretic peptide (pg); BNP/SDNN = the ratio of BNP and SDNN; BRS = baroreflex
sensitivity; HRT = heart rate turbulence; NN = normal-to-normal RR interval; SDNN = the standard deviation of all NN intervals;
TS = turbulence slope. Look the Methods section for details.

the short-term scaling exponent α1, TS and BRS sig-
nificantly lower in patients who were hospitalized
due to HF during the follow-up compared with pa-
tients without HF hospitalizations (Table 2). In the
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Table 3. Predictors of HF Hospitalization after an AMI

Univariate Analysis Multivariate Analysis
Sens./Spec. AUC

HR 95% CI P HR 95% CI P %

Age (years) 1.08 (1.05–1.11) <0.001 1.06 (1.03–1.09) <0.001
GFR 0.97 (0.96–0.99) <0.001 0.99 (0.98–1.01) 0.39
Previous AMI 2.81 (1.75–4.51) <0.001 1.59 (0.88–2.90) 0.13
EF (%) 0.91 (0.89–0.93) <0.001 0.92 (0.90–0.94) <0.001
Diabetes 2.95 (1.86–4.68) <0.001 2.43 (1.51–3.90) <0.001
BNP (pg/mL) 1.004 (1.003–1.005) <0.001 1.003 (1.002–1.004) <0.001 0.77
BNP ≥ 211 pg/mL 7.59 (4.26–13.52) <0.001 4.75 (2.52–8.96) <0.001 34/94
SDNN (ms) 0.98 (0.97–0.99) <0.001 0.99 (0.98–0.996) 0.006 0.69
SDNN ≤ 73 ms 3.06 (1.87–5.03) <0.001 1.53 (0.91–2.59) 0.11 48/79
α1 0.07 (0.03–0.15) <0.001 0.15 (0.06–0.38) <0.001 0.69
α1 ≤ 1.04 4.29 (2.60–7.08) <0.001 2.61 (1.53–4.44) <0.001 44/85
TS (ms/NN) 0.80 (0.73–0.88) <0.001 0.85 (0.76–0.94) 0.001 0.71
TS ≤ 1.29 ms/NN 3.92 (2.32–6.62) <0.001 2.53 (1.48–4.32) 0.001 45/83
BRS (ms/mmHg) 0.91 (0.85–0.97) 0.002 0.97 (0.91–1.03) 0.34 0.67
BRS ≤ 3.57 ms/mmHg 2.32 (1.26–4.27) 0.007 1.43 (0.77–2.65) 0.26 40/80
BNP/SDNN 1.30 (1.22–1.38) <0.001 1.28 (1.19–1.39) <0.001 0.80
BNP/SDNN ≥ 1.79 7.00 (3.95–12.42) <0.001 3.93 (2.09–7.41) <0.001 49/88
Heart rate 1.04 (1.02–1.06) 0.001 1.03 (1.004–1.05) 0.02 0.61
Heart rate ≥ 72 2.50 (1.53–4.10) <0.001 2.06 (1.25–3.39) 0.005 40/78

α1 = short-term scaling exponent; AUC = area under the curve in the receiver operator characteristics (ROC) curve analysis;
EF = left ventricular ejection fraction; GFR = glomerular filtration rate (mL/min/1.73 m2); HR = hazards ratios obtained from the
Cox regression; CI = confidence intervals; Sens./Spec. = sensitivity/specificity. Other abbreviations are same as in Table 2. The
cutpoints are optimized from the ROC curves at the sensitivity level from 25% to 50%.

clinical Cox hazards model, including all the clin-
ical characteristics that differed significantly be-
tween patients with and without HF hospitalization
and gender (Table 1) in a stepwise manner, left
ventricular ejection fraction, diabetes and diuretic
medication remained as significant predictors of
HF hospitalization (P < 0.001 for all). When BNP,
autonomic markers, and heart rate were tested in
this clinical model, BNP, HRV, TS, the ratio of BNP
to SDNN, and heart rate significantly predicted HF
hospitalization (Table 3). The Kaplan-Meier curves
show the power of BNP and autonomic markers
in discriminating the patients with and without HF
hospitalization during follow-up (Fig. 1). BNP and
autonomic markers predicted also mortality in uni-
variate analysis. However, only the short-term scal-
ing exponent α1 and heart rate remained significant
predictors of death after adjusting with relevant
clinical risk variables (Table 4). BNP and all the
autonomic markers, which significantly predicted
HF hospitalization after adjustments with clinical
risk markers, retained also their significant power
in predicting the combined end point of death or
HF hospitalization (which ever occurred first) after
adjustments (Table 5).

Accuracy of BNP and Autonomic
Markers in Predicting HF Hospitalization

In the ROC curve analysis, BNP and the ratio
of BNP to SDNN were the most accurate of the
studied parameters in predicting HF hospitaliza-
tion (Fig. 2, Table 3). The sensitivities and speci-
ficities of the different parameters at the optimized
cutpoints for discriminating the patients with and
without HF hospitalization during the follow-up
are shown in Table 3. The accuracy of BNP and
autonomic markers in predicting HF hospitaliza-
tion was better than in predicting mortality or the
combined end point of death or HF hospitalization
(which ever came first) (Tables 3–5).

DISCUSSION

The major observation of the present study is
that increased baseline BNP predicts the long-term
risk for HF hospitalization after AMI relatively well
even after adjustment with clinical risk markers.
Of the autonomic markers in addition to HRV,
HRT discriminated also patients with and with-
out HF hospitalization during the follow-up after
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Figure 1. Cumulative proportional probability of heart failure hospitalization (HFH) for patients with the brain natriuretic
peptide (BNP) ≥ or < 211 pg/mL (upper left chart), for patients with the ratio of BNP to the standard deviation of all
normal to normal intervals (SDNN) ≥ or < 1.79 (upper right chart), for the patients with the short-term scaling exponent
α1 (Alpha1) ≤ or > 1.04 (lower left chart), and for the patients with the turbulence slope (TS) ≤ or >1.29 ms/NN
(lower right chart).

multivariate adjustments. All these risk indicators
predicted also the combined end point of death
or HF hospitalization (which ever occurred first)
after relevant adjustments. Our analysis showed
also association with several already previously
well-known clinical risk markers (such as age, left
ventricular ejection fraction, glomerular filtration
rate, history of diabetes, hypertension, prior AMI,
QRS duration, etc.) and the risk for future HF
hospitalization.1,7,6 However, only left ventricular
ejection fraction, diabetes, and diuretic medication
retained their predictive power for HF hospital-
ization after adjustments with other clinical risk
markers.

Brain Natriuretic Peptide

Natriuretic peptides may be useful in the acute17

and even nonacute18 settings to diagnose HF. Al-
though natriuretic peptides, such as BNP, may de-
tect worsening of HF, they do not perform equally
well in revealing left ventricular systolic dysfunc-
tion per se in stable patients.19 Several cardiac fac-
tors, such as decreased left ventricular ejection
fraction,20 left ventricular hypertrophy, elevated
left ventricular filling pressures, acute coronary
syndromes; and noncardiac factors, such as pul-
monary embolism, chronic obstructive pulmonary
disease, age, sex, weight, and renal function21



A.N.E. � July 2010 � Vol. 15, No. 3 � Perkiömäki, et al. � Risk for Heart Failure Hospitalization after AMI � 255

Table 4. Predictors of Mortality in the Study Population

Univariate Analysis Multivariate Analysis
Sens./Spec. AUC

HR 95% CI P HR 95% CI P %

Age (years) 1.09 (1.06–1.11) <0.001 1.06 (1.03–1.09) <0.001
Previous stroke 4.15 (2.56–6.74) <0.001 2.94 (1.79–4.83) <0.001
BNP (pg/mL) 1.003 (1.002–1.004) <0.001 1.001 (1.000–1.002) 0.17 0.65
BNP ≥ 211 pg/mL 2.54 (1.42–4.54) 0.002 1.18 (0.63–2.19) 0.60 19/92
SDNN (ms) 0.99 (0.98–0.997) 0.005 0.997 (0.990–1.005) 0.49 0.59
SDNN ≤ 73 ms 1.58 (1.01–2.46) 0.044 1.06 (0.67–1.66) 0.82 33/77
α1 0.14 (0.07–0.29) <0.001 0.36 (0.17–0.78) 0.009 0.67
α1 ≤ 1.04 2.63 (1.70–4.06) <0.001 1.46 (0.92–2.29) 0.11 35/85
TS (ms/NN) 0.90 (0.86–0.96) <0.001 0.97 (0.91–1.02) 0.19 0.64
TS ≤ 1.29 ms/NN 2.18 (1.37–3.47) 0.001 1.27 (0.78–2.06) 0.35 34/82
BRS (ms/mmHg) 0.96 (0.92–0.999) 0.046 1.02 (0.98–1.06) 0.34 0.60
BRS ≤ 3.57 ms/mmHg 1.58 (0.93–2.70) 0.09 0.79 (0.45–1.39) 0.41 31/80
BNP/SDNN 1.18 (1.10–1.27) <0.001 1.08 (0.98–1.19) 0.14 0.66
BNP/SDNN ≥ 1.79 2.44 (1.45–4.10) 0.001 1.33 (0.76–2.32) 0.32 29/86
Heart rate 1.02 (1.003–1.04) 0.02 1.02 (1.001–1.04) 0.04 0.56
Heart rate ≥ 72 1.61 (1.04–2.50) 0.03 1.56 (0.998–2.42) 0.051 31/83

α1 = short-term scaling exponent; AUC = area under the curve in the receiver operator characteristics (ROC) curve analysis;
HR = hazards ratios obtained from the Cox regression; CI = confidence intervals; Sens./Spec. = sensitivity/specificity. Other
abbreviations are same as in Table 2.

have been associated with plasma BNP levels.22

Therefore, BNP levels alone should not be used to
diagnose or to exclude HF.23 Despite abundant in-
formation on the usefulness of BNP as an additional
aid in diagnosing HF and its worsening, the data on

Table 5. Predictors of Death or HF Hospitalization (whichever came first) after an AMI

Univariate Analysis Multivariate Analysis
Sens./Spec. AUC

HR 95% CI P HR 95% CI P %

Age (years) 1.08 (1.06–1.10) <0.001 1.05 (1.03–1.07) <0.001
EF (%) 0.94 (0.92–0.95) <0.001 0.96 (0.94–0.97) <0.001
Previous stroke 3.86 (2.47–6.04) <0.001 2.38 (1.50–3.79) <0.001
BNP (pg/mL) 1.003 (1.003–1.004) <0.001 1.001 (1.00–1.002) 0.03 0.70
BNP ≥ 211 pg/mL 4.33 (2.72–6.91) <0.001 1.84 (1.09–3.10) 0.02 22/94
SDNN (ms) 0.99 (0.98–0.99) <0.001 0.99 (0.98–0.998) 0.01 0.64
SDNN ≤ 73 ms 2.10 (1.45–3.05) <0.001 1.35 (0.91–2.00) 0.14 37/80
α1 0.10 (0.06–0.19) <0.001 0.16 (0.08–0.33) <0.001 0.68
α1 ≤ 1.04 3.31 (2.28–4.80) <0.001 2.26 (1.51–3.39) <0.001 35/87
TS (ms/NN) 0.87 (0.83–0.92) <0.001 0.94 (0.89–0.99) 0.02 0.68
TS ≤ 1.29 ms/NN 2.91 (1.97–4.30) <0.001 1.70 (1.11–2.61) 0.02 38/85
BRS (ms/mmHg) 0.94 (0.91–0.98) 0.002 0.997 (0.96–1.04) 0.87 0.64
BRS ≤ 3.57 ms/mmHg 1.83 (1.16–2.87) 0.009 0.99 (0.61–1.61) 0.98 34/81
BNP/SDNN 1.25 (1.18–1.32) <0.001 1.15 (1.06–1.25) 0.001 0.70
BNP/SDNN ≥ 1.79 3.77 (2.45–5.80) <0.001 2.17 (1.31–3.60) 0.003 34/89
Heart rate 1.03 (1.01–1.05) <0.001 1.02 (1.004–1.04) 0.02 0.59
Heart rate ≥ 72 2.02 (1.40–2.92) <0.001 1.76 (1.20–2.56) 0.004 32/84

α1 = short-term scaling exponent; AUC = area under the curve in the receiver operator characteristics (ROC) curve analysis; EF =
left ventricular ejection fraction; HR = hazards ratios obtained from the Cox regression; CI = confidence intervals; Sens./Spec. =
sensitivity/specificity. Other abbreviations are same as in Table 2.

the value of baseline BNP in patients with AMI but
without previous history of HF in predicting long-
term risk for HF hospitalization are limited. We
observed that BNP predicted HF hospitalization in
these patients during long follow-up relatively well
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Figure 2. Receiver operator characteristics (ROC) curve for the brain natriuretic
peptide (BNP) (upper left chart), the ratio of BNP to the standard deviation of
all normal to normal intervals (SDNN) (upper right chart), the short-term scaling
exponent α1 (Alpha1) (lower left chart), and the turbulence slope (TS) (lower right
chart) in predicting heart failure hospitalization during the follow-up. AUC = area
under the curve, SE = standard error.

and independently after adjusting for clinical risk
markers. In our analysis, BNP had closer associa-
tion with risk for late-onset HF than with the risk
for mortality after AMI.

Heart Rate Variability

Decreased HRV predicts mortality after
AMI,24,25 which was also observed in the present
analysis. Furthermore, patients with HF have been
shown to have impaired HRV,26 and reduced HRV
has been observed to predict death due to progres-
sive HF.27 Interestingly, it has been found that
HRV measurements work prognostically better
in patients with more preserved left ventricular
function28 or milder forms of HF29 than in those
with more severe left ventricular dysfunction or
HF. In the Framingham Heart Study population
sample, which was initially free of clinically
apparent heart disease, reduced HRV was shown
to be associated with the occurrence of combined

end point of cardiac events including congestive
HF.30 However, the data about the value of
baseline HRV in predicting HF hospitalization in
patients with AMI but without history of previous
HF are scanty. Our present analysis showed that
decreased HRV contributed independently after
adjusting for predictive clinical factors to risk
for future HF hospitalization. Particularly, the
combination of BNP and HRV yielded relatively
good accuracy in predicting these events. It is of
note that HRV was better predictor of late-onset
HF than mortality.

HRT and BRS

HRT and BRS have been shown to be associated
with mortality risk after AMI.14,31 Nevertheless,
not much is known about their value in predicting
HF hospitalization in this setting. We observed that
both of these automonic markers predicted HF hos-
pitalization during the long follow-up of patients
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with AMI; however, only HRT retained its predic-
tive power after multivariate adjustments. Both of
these risk markers had closer association with the
risk for late-onset HF than for the risk of dying.

Possible Underlying Mechanisms

The fundamental mechanisms why BNP and au-
tonomic markers predict the long-term risk for HF
hospitalization after AMI are not fully evident. The
present study included patients without a history
of previous HF. The patients had echocardiogra-
phy for measuring the left ventricular pump func-
tion; however, they did not have a routine pul-
monary artery catheterization. Therefore, we were
not able to include hemodynamic data in the anal-
ysis, which would have clarified the mechanisms
for differences in values of BNP and autonomic
markers in patients with and without HF hospital-
ization during the follow-up. It has been suggested
that as decreased HRV and increased heart rate
in HF reflect the degree of neurohumoral activa-
tion, they may be associated with left ventricular
remodeling process and the progression of HF.26

Hypothetically, HF, even subclinical, and cardiac
remodeling at early phases after AMI, may have
contributed to alterations in BNP and HRV which
in turn may have translated to prognostic informa-
tion concerning future HF events in the present
study patients. It is noteworthy that BNP and auto-
nomic markers were more closely associated with
the risk for HF hospitalization than for death in the
present post-AMI population. It is also of note that
the cut points for BNP and the autonomic markers
were determined post hoc from the ROC curves.

CONCLUSIONS

Our observations in AMI patients with long
follow-up suggest that the measurement of base-
line BNP after AMI, particularly with HRV, might
help in identifying the patients at the highest risk
for late-onset HF.
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