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Abstract N
Brain natriuretic peptide is an established, surrogate follow-up marker, strongly correlated with heart failure severity. Several other |
biomarkers and tests are useful for assessing the prognosis of patients with HF, such as oxidized low-density lipoprotein antibodies
and C-reactive protein. Some inflammatory cells, including monocytes, lymphocytes, and neutrophils, are involved in coronary heart
disease and may be useful for prognosis also. This study assessed the potential usefulness of various laboratory biomarkers in
predicting long-term outcomes and hospitalization among a cohort of outpatients with chronic, advanced HF.

This retrospective, 18-year follow-up study included all patients admitted to the Heart Failure Outpatient Unit in our tertiary care
medical center from 2000 through 2001 due to chronic HF. Excluded were patients with malignant disease, severe stroke, active
inflammatory disease, or infection. At the first visit, blood was sampled for routine analysis and biomarkers NT-proBNP, C-reactive
protein, myeloperoxidase, heat shock protein, and antibodies to oxidized low density lipoprotein. left ventricular ejection fraction and
New York Heart Association class class were also established. Patients were followed every 3 months. Study endpoints were
mortality or first hospitalization.

Among 305 study patients, HF duration ranged from 2 months to 18 years. Mean follow-up was 9.1 +6 years. Mean time to first
hospitalization was 60 +58.1 months, median = 38 (range 0-179). Mortality rate was 41%. Regression analysis showed New York
Heart Association class, lymphocyte count and alkaline phosphatase were independent predictors of survival, with hazard ratios of
1.0, 0.973, and 1.006, respectively (P < .05).

N-terminal pro-B-type natriuretic peptide, alkaline phosphatase, and lymphocyte count are important prognostic predictors for
very long-term follow-up among patients with chronic HF.

Abbreviations: CRP = C-reactive protein, HF = heart failure, HR = hazard ratio, HSP = heat shock protein, LVEF = left ventricular
gjection fraction, MPO = myeloperoxidase, NT pro-BNP = N-terminal pro-B-type natriuretic peptide, NYHA = New York Heart
Association class, OxLDL Ab = antibodies to oxidized low density lipoprotein.
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1. Introduction

Heart failure (HF) is the leading cause of morbidity and
hospitalization worldwide. Over 5.8 million people in the United
States have HF.'"! Continuous clinical follow-up and prognostic
prec%izcltors are needed to improve management of patients with
HF.
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Several biomarkers and tests have been established as useful for
assessing the prognosis of patients with acute heart HF''=! and
several types of inflammatory cells, including monocytes,
lymphocytes, eosinophils, and neutrophils, have been associated
with coronary heart disease.”™ Experimental data showed
that increased lymphocyte count may be a useful, predictive
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biomarker and indicator of favorable outcomes among patients
with acute coronary syndromes, post-infarction, HF, coronary
artery disease, and atherosclerosis. It is also associated with
increased in-hospital mortality.*~*! White blood cell count and
monocytes have an important role in inflammatory, vasculoge-
netic processes, as well as in regeneration of the vascular wall and
in the development of HF.3=5%%13! C_reactive protein (CRP),
heat shock protein (HSP), and myeloperoxidase (MPO) were
found to be prognostic predictors of HF.'37171

Several studies suggested that oxidative stress might be
involved in the pathogenesis of HF. Reactive free radicals have
a pathogenetic role in the progressive deterioration of the
decompensating myocardium.!'%!”! Previously, we reported that
oxidized LDL (OxLDL) antibodies and N-terminal pro-B-type
natriuretic peptide (NT pro-BNP) have high prognostic value for
hospitalization and mortality.!**2%! It was found that OxLDL
antibody levels were better predictors than NT pro-BNP for long-
term follow-up because antibodies remain in the circulation for
3 to 4 months, as compared to proBNP which is present for
several days."* 21 BNP is widely used in clinics and was found to
be a better prognostic factor for exacerbations.*"!

It has still not been established which of 1 or several
biomarkers are considered reliable for HF and whether they
can be good prognostic predictors of mortality and morbidity.

Previously, we described 3.7 years follow-up of patients with
chronic HF regarding biomarkers OxLDL and NT pro-BNP.[*!!
NT pro-BNP emerged as potential biomarkers of clinical interest in
HF management. NT pro-BNP (and BNP) are related to HF severity
and to clinical status. NT pro-BNP and BNP are strongly associated
with prognosis across the entire spectrum of HF patients./*!!

The aim of this longitudinal 18-year study was to assess the
potential usefulness of various laboratory biomarkers in
predicting long-term outcomes and hospitalization, which are
expressed as morbidity and mortality, among a cohort of
outpatients with chronic, advanced HF.

2. Methods

Medical records of all patients who were admitted to the
Outpatient HF Unit at our tertiary care medical center from
January 2000 through July 2001 because of chronic HF were
reviewed. Data retrieved from the electronic medical records
included medical history, current and past medications, resting
blood pressure, heart rate, weight, New York Heart Association
class (NYHA) class, and (based on available information,
echocardiography or isotopic ventriculography). Systolic HF
was defined as left ventricular ejection fraction (LVEF) <40% by
echocardiography or by Tc”® ventriculography.

2.1. Exclusion criteria

Patients who had malignant disease, cerebral vascular disease,
inflammatory disorder, rheumatologic disease, or infections, as
well as those who were permanently bedridden or those who
lacked sufficient follow-up information were excluded.

At the first visit, blood was sampled for routine biochemistry
values and for NT pro-BNP, CRP, MPO, HSP, OxLDL-Ab.
Patients were examined at least every 3 months throughout the
follow-up period.

Study endpoints were morbidity (expressed as time to first
hospitalization due to exacerbation of HF), all-cause mortality
and a combination of the 2 (referred to as composite outcome).
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The study was approved by the Ethics Committee of the Tel
Aviv Medical Center (0338-10TLV). All participants provided
written informed consent prior to data collection.

2.2. Statistical analysis

Data are presented as numbers and percentages for nominal
variables and as means and standard deviations for continuous
parameters. Chi-squared test was used to evaluate frequency data
and ¢ test or Mann—-Whitney for metric variables. Multiple Cox
regression were used to present variables that influence duration
of time to death or hospitalization. ROC curves were used to
show area under curve for variables that measure the test’s
discriminative ability.

3. Results

A total of 345 consecutive outpatients with CHF-related
symptoms were eligible for participation in this prospective
study. Among them, 40 were excluded for noncompliance or lack
of sufficient follow-up information. The remaining 305 patients
were entered into the study. HF duration ranged from 2 months
to 18 years and mean follow-up was 9.1+6 years (median
13 years).

Relevant data on the patients’ general characteristics are
presented in Tables 1 and 2. The mean LVEF was 37% and their
mean NYHA was 2.8. The mean number of clinical visits was
15.3. The mean time to first hospitalization was 60+58.1
months, median 38 (range 0-179). The mortality rate was 41%
(125 patients). The mean levels of laboratory values in the cohort
were: Hb 12.9+1.56 g%, creatinine 1.8 +1.2, mean NT proBNP
3675+5597.1 pg/mL.

The large variety of medications and the frequency of their use
are shown in Table 3. The most frequently used medicines were
furosemide, angiotensin-converting enzyme inhibitors, angio-
tensin receptor blockers (ARB), beta blockers, statins, and
spironolactone.

Table 4 provides essential laboratory data in cohorts of
hospitalized and not hospitalized patients. There were significant
differences in age (P=.035), HSP (P=.047), high density
lipoprotein (P=.013) and alkaline phosphatase (ALP) (P=.041)
between hospitalized and non-hospitalized patients. OxLDL did
not differ between the 2 cohorts.

General demographic and clinical characteristics.

Characteristic N=305 %
Age 70.3+10.6 yr

Males 225 73.8
Females 80 26.2
Smoker 93 30.5
Hyperlipidemia 187 61.3
Hypertension 183 60.0
Diabetes mellitus 122 40.0
Ischemic heart disease 231 75.7
Valvular disease 56 18.4
Atrial fibrillation, chronic 73 23.9
Stroke 39 12.8
PCI/CABG 151 49.5

CABG = coronary artery bypass graft, PCl=percutaneous coronary intervention.
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Laboratory data.
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Patients’ medications (N=305).

Laboratory Parameter Mean SD Medications N %
Heat shock protein, u/L 0.029 + 0.030 Coumadin 60 19.7
Cholesterol, mg/dL 185.3 + 42.2 Aspirin 218 71.5
Low density lipoprotein, mg/dL 330.3 + 116.2 Statins 167 54.8
High density lipoprotein, mg/dL 44.6 + 1.2 ACE Inhibitors 148 48.5
Oxidized LDL antibodies, units/mL 0.004 + 0.021 Candesartan 67 22.0
C-reactive protein mg/dL 7.9 + 12.4 Clopidogrel 26 8.5
Creatinine mg/dL 1.8 + 11 Nitrates 109 35.7
Myeloperoxidase, ng/m 207.6 + 267.3 Ca blockers 49 16.1
Monocytes% 7.7 + 55 Beta blockers 185 60.7
White blood cells*1000 7.5 + 2.3 Insulin 21 6.9
Hemoglobin, g% 1341 + 2.6 Oral hypoglycemic drugs 71 23.3
Triglyceride, mg/dL 157.2 + 89.2 Alpha blockers 53 17.4
NT-proBNP, pg/mL 3675.9 + 5597.1 Bezafibrates 53 17.4
Polymorphonuclear cells% 63.7 + 15.0 Anti-arrhythmic drugs 52 17.0
Lymphocytes % 24.6 + 24.6 Digoxin 68 22.3

— ] ] . i Spironolactone 177 58.0
LDL = Low density lipoproteins, NT pro-BNP = N-terminal pro-B-type natriuretic peptide. Diuretics 245 80.3

Table 5 shows main laboratory data according to mortality.
Age, creatinine and NT-proBNP, were significantly lower,
whereas lymphocyte count, polymorphonuclear cell count, and
ALP were higher among survivors. Age was the best predictor of
longevity in HF patients but this was excluded during analysis to
find other prognostic factors.

A Cox multivariate regression analysis was used to predict
mortality (Table 6). The adjusted hazard ratios (HR) of the
general, clinical and laboratory parameters that were
examined as predictors of survival are shown. The results
were adjusted for age and weight. NT pro-BNP, lymphocyte
count and ALP had HR of 1.0, 0.973, and 1.006, respectively
and were independent predictors of survival. Ejection
fraction, OxLDL AB, CRP, MPO, HSP, NYHA, and other
laboratory parameters had no significant effects on mortality
outcome.

ACE = angiotensin converting enzyme.

Table 7 shows the HRs of the main laboratory parameters that
had an impact on time to first hospitalization (morbidity). Only
lymphocyte count and ALP were significant.

Figure 1 shows Kaplan—Meier survival curve of all patients
during 18 years of follow-up. A total of 41% of patients died
during follow-up. Figure 2 displays Kaplan—Meier survival
curves according to a NT-proBNP statistical mean cut point of
1429 pg/mL, where lower levels indicate better outcomes.

Figure 3 shows Kaplan—-Meier survival curves according to
Alkaline phosphatase. Statistical mean cut point -52mg/dL.
Lower levels indicate better outcomes. Figure 4 shows ROC
curves of 4 predictors for outcomes: NT-proBNP, uric acid, ALP,
and polymorphonuclear cells. NT-proBNP had the highest
specificity and sensitivity. Figure 4. shows ROC curve of 4
predictors for outcome: NT pro-BNP, uric acid, alkaline

Impact of laboratory parameters on time to first hospitalization (morbidity).

Hospitalization

No=129 Yes=176

Parameter Mean + SD Mean + SD P

Age, yr 71.8 + 10.0 69.2 + 10.9 .035
Heat shock protein, u/L 0.025 + 0.025 0.032 + 0.033 .047
Cholesterol, mg/dL 185.3 + 413 185.3 + 429 992
Low density lipoproteins, mg/dL 325.2 + 90.2 333.9 + 131.9 527
High density lipoproteins, mg/dL 46.4 + 12.0 43.2 + 10.4 .013
Oxidized LDL antibodies, units/mL 0.003 + 0.022 0.005 + 0.020 .395
C-reactive protein, mg/dL 7.4 + 12.0 8.2 + 12.8 .562
Creatinine, mg/dL 1.8 + 1.2 1.8 + 1.0 .888
Myeloperoxidase, ng/m 1749 + 149.8 2315 + 326.0 .068
Monocytes % 71 + 5.0 8.2 + 58 .076
White blood cells*1000 7.4 + 2.5 7.6 + 2.2 547
Hemoglobin, g% 13.0 + 1.6 131 + 3.2 .679
Triglycerides, mg/dL 1571 + 90.5 157.2 + 88.6 .997
NT-proBNP, pg/mL 4094.6 + 6241.7 3374.0 + 5079.6 275
Polymorphonuclear cells, % 62.2 + 12.2 64.8 + 16.6 158
Alkaline phosphatase 60.2 + 33.8 70 + 452 .041
Lymphocytes% 25.3 + 8.4 241 + 8.0 242

NT pro-BNP = N-terminal pro-B-type natriuretic peptide.
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Impact of Laboratory parameters on mortality.
Mortality
No=180 Yes=125

Variable Mean + SD Mean + SD P
Age, yr 65.8 + 9.3 76.7 + 8.9 .000
Heat shock protein, u/L 0.027 + 0.029 0.032 + 0.032 202
Cholesterol, mg/dL 189.8 + 415 178.8 + 42.5 .025
LDL, mg/dL 333.6 + 129.5 325.6 + 94.9 561
HDL, mg/dL 441 + 1.0 453 + 1.5 374
Oxidized LDL antibodies, units/mL 0.003 + 0.022 0.006 + 0.019 317
CRP, mg/dL 7.2 + 135 8.8 + 10.7 279
Creatinine, mg/dL 1.60 + 0.86 210 + 1.29 .000
Myeloperoxidase, ng/m 191.5 + 180.4 230.7 + 356.6 .208
Monocytes, % 7.6 + 6.4 7.9 + 3.8 .687
White blood cell*1000 74 + 2.1 7.7 + 2.7 243
Hemoglobin, g% 13.3 + 3.2 12.8 + 1.5 121
Triglycerides, mg/dL 159.4 + 86.2 154.0 + 93.6 .606
NT-proBNP, pg/mL 2221.3 + 3339.2 5750.5 + 7283.8 .000
Polymorphonuclear cells, % 61.9 + 1.3 66.4 + 19.0 .016
Alkaline phosphatase 61.7 + 34.6 71.8 + 48.3 .035
Lymphocytes, % 26.8 + 7.0 21.4 + 8.7 .000

CRP = C-reactive protein, HDL = high density lipoprotein, LDL = Low density lipoproteins, NT pro-BNP = N-terminal pro-B-type natriuretic peptide.

phosphatase, and polymorphonuclear cells and shows area under
the curve as a criterion to measure the test’s discriminative ability
in HF disease (i.e., the probability that in 2 randomly sampled
objects 1 from each class, the first will be greater than the second).

4. Discussion

The pathogenesis of HF is multifactorial, with enhanced
oxidative stress playing a major role in its development./*3*%!
In the current study, we examined which biomarkers might
predict long-term outcomes in a large cohort of patients with HF.
The endpoints of the study were time to first hospitalization
(which reflects morbidity) and all-cause mortality. We showed

Hazard ratios of clinical and laboratory parameters, adjusted for
age and weight, on survival in heart failure patients.

95.0% CI for HR

Parameter Sig. HR Lower limit Upper limit
Age 0.411 6.507 0.075 568.006
Weight 0.609 0.995 0.976 1.015
Alkaline phosphatase 0.188 1.003 0.998 1.008
AO stenosis 0.426 0.163 0.002 14.202
BUN 0.142 1.009 0.997 1.021
Creatinine clearance test 0.856 0.998 0.979 1.018
Cholesterol 0.192 1.005 0.998 1.012
Creatinine 0.482 0.906 0.689 1.192
Low density lipoproteins 0.115 0.994 0.986 1.002
Lymphocytes 0.046 0.973 0.947 0.999
NT-proBNP 0.005 1.000 1.000 1.000
Red blood cells 0.685 0.929 0.650 1.327
Statin 0.458 1.172 0.771 1.781
TIA/CVA 0.086 0.650 0.397 1.063
Aspirin 0.338 1.246 0.795 1.955
Alkaline phosphatase 0.007 1.006 1.002 1.011

CVA=cerebrovascular accident, HR = hazard ratio, NT pro-BNP = N-terminal pro-B-type natriuretic
peptide, TIA=transient ischemic attack.

that plasma levels of NT-proBNP, lymphocytes and ALP were the
best, significant, independent predictors of morbidity and
mortality among patients with HF.*’! Unexpectedly, the HR
for OxLDL-ADb was not significant, in contrast to our previous
report in an elderly population.!*!)

The findings of this study extend the information from several
reports that showed that more severe HF is related to higher NT
pro- BNP."-211 Tt was also reported that lymphocytes can be a
good prognostic predictor for outcome in HF.[2%?!! Both of these
biomarkers: low levels of NT pro-BNP and high levels of
lymphocytes were shown to be independent predictors of very
long-term survival. This has not been reported previously, and is
novel '8:19:20-22261 Oyr data take previous reports 1 step further
by underscoring the predictive value of NT pro-BNP and
lymphocytes for prognosis of long-term survival.?>?*®! In the
current study, ALP levels were shown to be good predictors for
long-term outcomes, which has not been reported in the
literature. This can be explained by congestive liver. Patients
with HF who were asymptomatic had normal or slightly elevated
ALP levels. In contrast, those who were less balanced had
hepatomegaly because of congestive liver.

We previously reported that while NT pro-BNP had HR less
than 1 for hospitalization, both OxLDL-Ab and NT pro-BNP
had significant HRs for the composite outcome.*>*!! Compared
to the survivors, the increased HR for OxLDL-AD level exceeded
that of NT pro-BNP level by more than 2-fold.!*!!

Cox regression- hazard ratio of the main variables on time to
hospitalization.

95% Cl for HR

Parameter Sig. HR Lower limit Upper limit
Polymorphonuclear cells 0.229 1.007 0.996 1.018
Lymphocyte count 0.007 0.970 0.948 0.992
Alkaline phosphatase 0.000 1.006 1.003 1.009

HR = hazard ratio.
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Figure 1. Kaplan—-Meier survival curve of all patients over 18-year follow-up.

The current, very long-term study did not find any predictive
value of OxLDL antibodies as a biomarker for better outcome.
CRP was reported to bind to OxLDL"! as part of the innate
immune response to oxidized phosphorylcholine-bearing phos-
pholipids in this modified lipoprotein. Interestingly, as reported
previously, in the current study, the HR for CRP did not reach a
level of significance, suggesting that while CRP may be related to
myocardial injury, it is not a good predictor for long-time
outcomes of HF. This agrees with previous reports,/>%*1:2¢!

Creatinine level did not emerge as a significant prognostic
factor, either. This can be because the study patients were
monitored in a specialized HF clinic with very strict attention to
renal function

In previous reports, HSP and MPO showed some prognostic
value."®'7!n the current investigation, they were not related to the
prognosis of HF; however, HSP was higher among hospitalized
patients. NT-proBNP and PMN were higher, whereas lymphocyte
count was lower among the patients who died.

Unsurprisingly, age was the best predictor for longevity in HF
patients. Surprisingly, LVEF (< 40% versus >40%) did not

emerge as a prognostic marker for HF. The NYHA class was
significant only for predicting morbidity but not for the
composite outcome. Medication did not add to the prediction
of long-term survival, either.

The current results demonstrate that high levels of NT pro-
BNP, low lymphocyte count, and elevated ALP levels were
predictors for unfavorable outcomes among patients with HF.
In an earlier study, we found OxLDL-Ab levels were
better predictors of the combined endpoint (mortality and
hospitalization).[?*>!]

NT pro-BNP reflects the activation of the neurohormonal axis.
The short lifespan of the hormones (catecholamines) cannot
explain why NT pro-BNP has better prediction for long-time
follow-up, Unfortunately, logically NT pro-BNP is more suitable
for estimating short-term outcomes during acute events.[2%-*1-27~
2%1 The mechanism is still unknown.

A limitation of this study was the relatively small sample size of
3035 patients with HF, for prognostic value of NT pro-BNP level
for mortality and hospitalization. EF did not have long term
predictive value. A larger group of patients is needed for further

NT- proBNP
1.07%
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2 06 7‘-\1&'
2 e
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Figure 2. Kaplan-Meier survival curves according to N-terminal pro-B-type natriuretic peptide; cut point 1429 pg/mL.
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Figure 3. Kaplan-Meier survival curves according to alkaline phosphatase; cut point 52mg/dL.

evaluation of this important outcome. In this historical cohort ~ molecule 1) also known as CD54, because the information
study, we did not evaluate biomarkers such as vascular cell ~ was not available at the study onset.

adhesion protein 1, also known as vascular cell adhesion In conclusion, the present study demonstrated that NT pro-
molecule 1 (VCAM-1 and ICAM-1 (intercellular adhesion ~ BNP, ALP, and lymphocyte count are important long-term
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Figure 4. ROC curve of 4 predictors for outcome: N-terminal pro-B-type natriuretic peptide, uric acid, alkaline phosphatase, and polymorphonuclear cells.
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prognostic markers for approximately 18 years, in patients with
chronic HF.
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