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ABSTRACT 

Aim: Congestive heart failure (CHF) is a severe car- 
diovascular disorder seen in the Emergency Depart- 
ment (ED). B-type Natriuretic Peptide (BNP) is usually 
ordered to evaluate the CHF severity. However, it is 
difficult to interpret serum BNP level when different 
clinical entities existed. The aim of this study is to 
illustrate the correlation between serum BNP level 
and relevant clinical variables and further determine 
the role of serum BNP in different CHF patients. 
Methods: Univariate comparisons between 26 clinical 
variables and serum BNP level were analyzed. In order 
to avoid confounding factors, potential independent 
clinical variables were analyzed together using multi- 
variate regression. Results: 529 CHF patients were 
reviewed and divided into different groups by 26 
clinical variables. Serum BNP levels were found sta- 
tistically significant different by univariate compare- 
son between groups divided by 8 clinical variables 
that included obesity, diastolic/systolic heart failure 
(HF), serum blood urea nitrogen (BUN) level, serum 
creatinine (Cr) level, serum sodium (Na) level, pa- 
tients taking loop diuretics, history of cerebrovascu- 
lar accident (CVA), and history of dementia. Among 
all 8 clinical variables, obesity, serum BUN, Cr level, 
and diastolic/systolic HF had weak-to-moderate cor- 
relation effects with serum BNP level by correlation 
coefficient analysis. However, only obesity and dia- 
stolic/systolic HF were two moderately stronger clini- 
cal variables that can affect the serum BNP levels by 
multivariate regression. Analyzing CHF patients sepa- 
rately by obesity and diastolic/systolic HF subsets 
showed longer hospitalization in diastolic HF patients 
with relatively higher serum Cr level. In addition, 
poor correlation was found between serum BNP level 
and length of hospitalization (LOH) as well. Conclu- 
sion: High variability of serum BNP levels exists in 
CHF patients with weak-to-moderate correlation ef- 
fects particularly on obesity and diastolic/systolic HF. 

It is recommended that physicians should be cautious 
on interpreting BNP in different CHF populations. 
 
Keywords: Congestive Heart Failure; B-Type  
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1. INTRODUCTION 

Congestive heart failure (CHF) is a common disorder seen 
in the Emergency Department (ED). B-type Natriuretic 
Peptide (BNP) is one of the common serum markers to 
evaluate the clinical conditions of CHF patients [1,2]. 
Results from previous studies showed serum BNP levels 
correlated well with the severity of CHF patients [3]. 
Patients with higher serum BNP levels required more 
aggressive treatment and longer hospitalization [4]. How- 
ever, multiple clinical variables could affect the serum 
BNP level in CHF patients, making it hard to interpret 
[5,6]. CHF Patients with renal insufficiency tend to have 
higher serum BNP levels than ones with normal renal 
functions [7]. Obese CHF patients seem to have relatively 
lower serum BNP levels than non-obese groups [8]. 
Diastolic HF patients usually have lower serum BNP 
levels compared with systolic HF patients [9]. Till now, 
it is still unclear whether these clinical variables are 
independent predictors, and to what extent they can affect 
the serum BNP levels in CHF patients. Hence, to pro- 
perly interpret serum BNP levels in CHF patients will 
help ED physician providing appropriate treatment and 
disposition. 

The aim of this study is to evaluate the correlations 
between serum BNP level and these relevant clinical vari- 
ables and further help physicians to interpret its variability 
in different CHF patients. 

2. MATERIAL AND METHODS 

2.1. Study Design 

Data were collected from patients with history of CHF *Corresponding author. 
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seen in an urban county hospital ED. The diagnosis of 
CHF was confirmed by cardiologists using echocardi- 
ography (at least once in the past 6 month before the in- 
dex visit) and/or clinical signs and symptoms and was 
reflected by the discharge ICD-9 code. All eligible male 
and female adult patients were included. Our population 
is subject to a high risk of chronic disease exacerbation. 
Fewer than 2.5% have commercial insurance. Various 
factors that include transportation, homelessness, and 
communication access limit the ability to outpatient fol- 
low-up. 

Collected data included patient information, past medi- 
cal history, history of chronic medication, vital signs upon 
patient arrival in ED, initial electrocardiogram (EKG), 
initial laboratory evaluation, patient disposition, and length 
of hospitalization (LOH) if patients were admitted. 

Different clinical variables (26 variables) that could 
potentially affect the serum BNP levels were selected 
that included age, gender, obesity, vital signs (including 
heart rate, respiratory rate, blood pressure, and pulse oxy- 
metry), blood urea nitrogen (BUN), creatinine (Cr), so- 
dium (Na), diastolic versus systolic heart failure (dia- 
stolic/systolic HF), atrial fibrillation with rapid ventricu- 
lar response (A-fib with RVR) upon arrival at ED, using 
long-term angiotension converting enzyme inhibitor 
(ACEI), beta-blocker, loop diuretics, or digoxin, history 
of coronary artery disease (CAD), hypertension (HTN), 
diabetes (DM), chronic obstructive pulmonary disease 
(COPD), cerebrovascular accident (CVA), hepatic cir- 
rhosis, dementia, cancer, smoking history, and admission 
to hospital.  

Body mass index (BMI) was calculated as weight in 
kilograms divided by the square of height in meters and 
was used as an index to evaluate the severity of obesity 
[10]. CHF patients were divided into four different groups 
according to their BMI. Group 1 was normal/underweight 
patients with BMI ≤ 24 kg/m2, group 2 was overweight 
patients with BMI 24 - 30 kg/m2, group 3 was obese pa- 
tients with BMI 30 - 40 kg/m2 (including 30 kg/m2), 
group 4 was morbidly obese patients with BMI ≥ 40 kg/m2. 
BNP values were compared among these four groups.  

Univariate comparisons between serum BNP and dif- 
ferent clinical variables were performed initially. Correla- 
tion coefficient was calculated between serum BNP and 
each clinical variable. Multivariate regression analysis 
was then analyzed on clinical variables with statistically 
significant difference found on univariate analysis. Rela- 
tively moderate to strong clinical predictors were further 
selected to evaluate the relationships with serum BNP. 
This study was approved by the hospital Institutional 
Review Board. 

2.2. Statistics 

Serum BNP levels were compared in groups divided by  

different clinical variables using student t test analysis. 
Correlation between serum BNP level and each clinical 
variable was measured by correlation coefficient analysis. 
To compare the serum BNP level in different BMI groups, 
a one way analysis of variance (ANOVA) using the Bon- 
ferroni test was performed. In order to avoid confound- 
ing factors, multiple potential independent clinical vari- 
ables were analyzed using multivariate regression. Beta 
weights (β) were calculated to determine the correlation 
effect (β between 0.2 and 0.5 is considered a moderate 
effect, and β > 0.5 is considered a strong effect). All sta- 
tistical analyses utilized Stata 11.0 statistical software 
(College Station, TX). A p value less than 0.05 was con- 
sidered to be statistically significant. 

2.3. Results 

Comparison of serum BNP levels in CHF patients group- 
ed with different clinical variables. 

From Jan. 2008 till Dec. 2010, a total of 529 CHF pa- 
tients’ clinical data were reviewed. All of these patients 
were diagnosed as CHF previously. Systolic heart failure 
(HF) was defined as impaired LVEF < 40% on echocar- 
diogram and those with reserved LVEF (≥40%) were 
diagnosed as diastolic HF. In order to determine which 
variables that can affect the serum BNP level in CHF 
patients, Serum BNP levels were compared in CHF pa- 
tients groups with 26 different variables as mentioned in 
study design. Eight out of 26 variables can affect the 
serum BNP levels and reached statistically significant 
difference (see Table 1). Overall, Significantly high dif- 
ference found on serum BNP levels between patients 
grouped by 4 clinical variables (obesity, diastolic/systolic 
HF, serum BUN, and Cr levels). Obese CHF patients had 
more diastolic heart failure than non-obese patients 
(55.8% vs. 43.5%, p = 0.005). They also tended to be 
younger, with a higher incidence of diabetes (DM) and 
hypertension (HTN). Obese CHF patients were more 
likely to be hypoxic and to receive non-invasive positive 
pressure ventilation (NIPPV) at ED. In addition, serum 
BNP levels in obese CHF patients were significantly 
lower compared with those of the non-obese ones (p < 
0.001, see Table 1). 

Serum BNP level was inversely proportional to the 
severity of obesity. 

CHF patients were also subdivided into four different 
groups based on the severity of obesity. Our results 
showed that the level of BNP was inversely proportional 
to the severity of obesity in CHF patients, reaching sta-
tistically significant difference between groups (p < 
0.001, see Figure 1). However, serum BNP level only 
moderately correlated with the severity of obese in CHF 
patients (r = –0.3248, p < 0.001). This indicates that obe- 
sity is not the only variable that can affect the serum 
BNP level in CHF patients. 
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Table 1. Comparison of serum BNP levels between groups with different clinical variables in CHF patients. 

Serum BNP Level 
(pg/dl, Mean ± SD) Clinical Variables 

Yes No 

Statistical  
Significance 

General Information 
Age 
(<40 year old) 
(40 - 50 year old, not including 50 year old) 
(50 - 60 year old, not including 60 year old) 
(60 - 70 year old, not including 70 year old) 
(≥70 year old) 
Gender (Male-Yes) 
Obesity 

 
 

802.6 ± 916.8 
864.4 ± 847.7 
979.0 ± 892.3 
960.2 ± 924.0 

1155.8 ± 1033.2 
980.2 ± 899.9 
688.9 ± 693.5 

 
 
 
 
 
 
 

945.5 ± 939.4 
1231.2 ± 1023.3 

 
 
 
 
 
 

p = 0.1877 
p = 0.6660 
p < 0.001 

Vital Sign/Physical Examination 
Tachycardia (pulse ≥ 100 beats/min) 
Hypertension (BP ≥ 140/90 mmHg) 
Tachypnea (RR > 20 times/min) 
Hypoxia (Pox < 94% on room air) 

 
921.8 ± 844.2 
1003.2 ± 967.9 
965.2 ± 939.2 
851.2 ± 833.5 

 
985.7 ± 951.2 
895.8 ± 816.6 
964.3 ± 904.8 
987.9 ± 932.5 

 
p = 0.4521 
p = 0.1962 
p = 0.9911 
p = 0.1980 

Past Medical/Social History 
CAD 
DM 
COPD 
Hypertension 
CVA 
Cancer 
Hepatic Cirrhosis 
Dementia 
Smoking 

 
1013.6 ± 949.1 
914.6 ± 900.7 
943.5 ± 877.9 
955.2 ± 933.9 
664.1 ± 526.5 
1136.4 ± 951.4 
950.1 ± 641.0 

1756.8 ± 1715.8 
947.4 ± 905.0 

 
869.6 ± 846.1 
1014.1 ± 932.1 
970.5 ± 928.7 
1022.5 ± 809.7 
990.6 ± 939.1 
951.0 ± 913.9 
964.9 ± 922.5 
955.5 ± 902.9 
980.1 ± 929.2 

 
p = 0.0870 
p = 0.2121 
p = 0.7798 
p = 0.5586 
p = 0.0267 
p = 0.2246 
p = 0.9578 
p = 0.0332 
p = 0.6825 

Adjunct Test 
EKG (A-fib with RVR) 
BUN (>21 mg/dl) 
Cr (>1.2 mg/dl) 
Na (<135 mg/dl) 
Echo (Diastolic HF-Yes) 

 
748.7 ± 722.2 

1255.4 ± 1085.7 
1222.5 ± 1106.1 
1248.9 ± 1028.1 

792.3 ± 878.2 

 
982.8 ± 930.0 
817.2 ± 779.7 
816.5 ± 751.1 
926.2 ± 895.4 
1133.7 ± 924.6 

 
p = 0.1166 
p < 0.001 
p < 0.001 

p = 0.0086 
p < 0.001 

Disposition in ED 
Admission 

 
978.0 ± 923.7 

 
817.5 ± 836.4 

 
p = 0.2667 

Medication 
ACEI 
Beta Blocker 
Loop Diuretics 
Digoxin 

 
938.9 ± 856.0 
1002.9 ± 929.6 
1004.4 ± 931.9 
899.9 ± 673.5 

 
1021.3 ± 1039.9 

811.9 ± 852.0 
699.6 ± 766.1 
972.1 ± 941.6 

 
p = 0.3388 
p = 0.0566 
p = 0.0099 
p = 0.5808 

Table 1 showed the comparison of serum BNP levels in different groups. Univariate comparisons of serum BNP levels using student t test were analyzed be-
tween groups divided by 26 different clinical variables. Results showed eight clinical variables that could affect the serum BNP levels after univariate analy- sis. 
CHF patients with elevated serum BUN, Cr levels, systolic HF, and non-obesity result in higher serum BNP levels that reached statistical significant differ- 
ence (p < 0.001). Abbreviations: CHF: Congestive heart failure; BNP: B-type natriuretic peptide; SD: Standard deviation; CAD: Coronary artery disease; DM: 
Diabetes mellitus; COPD: Chronic obstructive pulmonary disease; CVA: Cerebral vascular accident; EKG: Electrocardiography; A-fib with RVR: Atrial fibril- 
lation with rapid ventricular response; BUN: Blood urea nitrogen; Cr: Creatinine; Na: Sodium; Echo: Echocardiography; HF: Heart failure; ACEI: Angiotensin 
converting enzyme inhibitor; ED: Emergency department. 
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Univariate comparison and multiple regression analy- 
sis of serum BNP levels with different clinical variables.  

To avoid the confounding factors among independent 
variables, multiple regression analysis was also perform- 
ed in these 8 variables to see whether they have strong 
relationships with serum BNP level in CHF patients. Our 
results showed serum Na level had no statistically sig- 
nificant effect and was considered as a confounding fac- 
tor. History of CVA, dementia, and taking loop diuretics 
were weak predictors. Serum BUN and Cr levels had 
moderate relationships with serum BNP levels in CHF 
patients. The two clinical variables showing the strongest 
predictors in this study were: Diastolic vs. systolic heart 
failure (β = –0.173, p < 0.001) and obesity (β = –0.257, p 
< 0.001) (see Table 2). 

Figure 1. Box plots showed the relationship between obesity 
and BNP levels. Figure showed that the BNP level was reversely 
proportional to the BMI level. *BMI not including 30 kg/m2. 
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Analyzing CHF patients separately by obesity and 
diastolic/systolic HF showed longer hospitalization in 
diastolic HF patients with relatively higher serum Cr lev- 
els. 

Since diastolic vs systolic heart failure and obesity are 
two clinical variables that had relatively stronger relation- 
ships with serum BNP level. Further analysis was per- 
formed by subdividing CHF patients into four different 
groups (obese diastolic HF, obese systolic HF, non-obese 
diastolic HF, and non-obese systolic HF groups). Due to 
moderate predictive effects on BNP levels, serum BUN 
and Cr levels were also included in this analysis. Previ- 
ous studies showed that the level of BNP was associated 
with the severity of CHF and could possibly affect the 
LOH [11]. Our results showed diastolic HF patients in- 
cluding both obese and non-obese patients had relatively 
higher serum Cr level and tended to stay longer in hospi- 
tal than systolic HF patients though no statistically sig- 

nificant difference reached (see Table 3). Statistically 
significant difference found on serum BUN levels in 
different groups and diastolic HF patients tended to have 
higher serum BUN level than systolic HF patients which 
was also consistent with the findings of serum Cr level. 
There were strong linear correlation between serum Cr 
and BNP levels in diastolic HF patients. However, very 
poor correlations were found between serum BNP and 
LOH in all four groups (see Table 3). Multiple regres- 
sion analysis was again performed in these four different 
groups with six clinical variables (serum BUN, Cr, Na 
level, history of CVA, dementia, and taking loop diuret- 
ics). Our results showed only serum Cr level had moder- 
ate correlation effect with serum BNP levels in both dia- 
stolic obese CHF (β = 0.4046, p < 0.001) and diastolic 
non-obese CHF groups (β = 0.2418, p = 0.047), which 
were consistent with the results of correlation coefficient 
analysis. 

 
Table 2. Correlation coefficient and multivariate regression analysis of clinical variables that affect serum BNP levels in CHF pa-
tients. 

Clinical variables Correlation coefficient (r) Beta weights (β) 

History of CVA –0.096 (p = 0.027) –0.094 (p = 0.017) 

History of dementia 0.0926 (p = 0.033) 0.090 (p = 0.023) 

Taking loop diuretics 0.1120 (p = 0.010) 0.092 (p = 0.020) 

Serum BUN level 0.2736 (p < 0.001) 0.136 (p = 0.007) 

Serum Cr level 0.2321 (p < 0.001) 0.137 (p = 0.005) 

Serum Na level –0.0517 (p = 0.009) –0.041 (p = 0.307) 

Diastolic/Systolic HF –0.1863 (p < 0.001) –0.173 (p < 0.001) 

Obesity –0.2959 (p < 0.001) –0.257 (p < 0.001) 

Table 2 showed correlation coefficient and multivariate regression analysis of clinical variables that affected serum BNP levels in CHF patients. Results from 
correlation coefficient analysis showed weak-to-moderate correlation between BNP and four different clinical variables with statistical significant difference 
(obesity, serum BUN, Cr levels, and diastolic/systolic HF). Multivariate regression analysis was then performed with all 8 clinical variables together and 
showed moderate correlation effects only on two clinical variables (diastolic/systolic HF and obesity). 

 
Table 3. Clinical information of CHF patients divided into four different groups by two clinical variables (obese versus non-obese 
and diastolic versus systolic HF). 

 Obese CHF patients Non-obese CHF patients p 

Number of patients 
Diastolic HF  

N = 145 (55.8%) 
Systolic HF  

N = 115 (44.2%) 
Diastolic HF  

N = 117 (43.5%) 
Systolic HF  

N = 152 (56.5%) 
0.005

BNP (pg/dl) 596.72 ± 681.06 805.09 ± 694.45 1034.72 ± 1025.79 1382.38 ± 998.71 <0.001

Cr (mg/dl) 
and its correlation with BNP 

level (r) 

1.73 ± 1.38 
 

(r = 0.5135) 

1.47 ± 1.58 
 

(r = –0.0404) 

1.91 ± 1.63 
 

(r = 0.4317) 

1.66 ± 2.41 
 

(r = 0.1512) 

0.315

BUN (mg/dl) 
and its correlation with BNP 

level (r) 

25.16 ± 16.24 
 

(r = 0.2713) 

21.98 ± 13.99 
 

(r = 0.2751) 

27.75 ± 20.26 
 

(r = 0.2776) 

23.69 ± 14.02 
 

(r = 0.3606) 

0.045

LOH (Day) 
and its correlation with BNP 

level (r) 

6.03 ± 10.22 
 

(r = 0.0678) 

5.79 ± 9.52 
 

(r = 0.0258) 

5.97 ± 7.96 
 

(r = 0.0666) 

4.43 ± 3.58 
 

(r = –0.0739) 

0.285

Table 3 showed the comparison of BNP, Cr, BUN level and the length of hospitalization (LOH) in different CHF patient groups. The results showed more 
obese CHF patients had diastolic HF than non-obese CHF patients (p = 0.005). Diastolic HF patients had lower BNP level than systolic HF ones in both obese 
and non-obese groups (p < 0.001). Moderate-to-strong correlation was found between serum Cr and BNP levels in diastolic HF patients. 
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3. DISCUSSION 

CHF is a severe cardiovascular disease that requires 
regular clinical visits to maintain stability. Patients will 
usually seek care in the ED when decompensated. Serum 
BNP level is one of the serum markers that is usually 
ordered by ED physicians to further evaluate the CHF 
conditions. BNP plays an important role in the regulation 
of cardiac remodeling, ventricular stretching, vasodilata- 
tion, and sodium homeostasis [12,13]. Serum BNP levels 
usually will be elevated in patients with worsening CHF 
conditions. The results of some studies showed serum 
BNP level could be used as an independent clinical vari- 
able to predict the severity of CHF and suggested acutely 
decompensated CHF patients with higher serum BNP 
level needed to be treated aggressively [14,15]. Serum 
BNP level was also closely related to the mortality in 
CHF patients [16]. However, other studies showed the 
variability of serum BNP levels and were unable to pre- 
dict the severity concisely in different CHF populations 
[17,18]. Some clinical variables which could affect the 
serum BNP level were evaluated in many studies before 
[19,20]. However, the results were quite controversial. 
Many variables were clinically dependent and thus could 
be acting as confounding factors [21]. Hence, in our 
study, 26 clinical variables were selected based on the 
results of previous studies and the relations between 
these variables and serum BNP level were analyzed to- 
gether to determine the independent predictors thus avoi- 
ding the internal bias. 

Our results showed serum BNP levels were inversely 
proportional to the severity of obesity which was consis- 
tent to the majority of previous studies [8,17-18]. Results 
from some studies showed lower serum adiponectin lev- 
els in obese patient and serum adiponectin correlated 
inversely with BMI. The hypoadiponectinemia stimu- 
lated cardiac remodeling and decreased stretching re- 
sulting in lower serum BNP level [22,23]. Visceral fat 
expansion also could increase the clearance of serum 
BNP by increasing the expression of clearance receptors 
on adipocytes [24]. In addition, ectopic lipid deposition 
in the heart may exert lipotoxic effect by altering cardiac 
lipid metabolism which could reduce the production of 
BNP in the cardiac ventricles as impaired cardiac func- 
tion [25]. Overall, the mechanisms of lower serum BNP 
levels in obese CHF patients are multifactorial with re- 
sultant of several pathophysiological interactions. 

Results from previous studies are controversial on 
whether lower serum BNP level is associated with dia- 
stolic HF. Some reported that left ventricular end diastolic 
wall stress was inversely associated with serum BNP 
level and BMI independently [26], while others showed 
positive or no correlation [27,28]. Our study found that 
diastolic HF patients had lower serum BNP levels than 

systolic HF patients in both obese and non-obese CHF 
groups. Furthermore, more obese patients had diastolic 
HF compared with non-obese CHF patients. When ana- 
lyzed together, obesity and diastolic HF were two mod- 
erately stronger clinical variables that could affect the 
serum BNP levels.  

Serum BNP level is also affected by renal function 
that reported in previous study [7]. In our study, serum 
BUN and Cr levels showed moderate correlation with 
BNP overall but strong correlation in diastolic HF pa-
tients. In our study, it seemed that chronic renal insuffi-
ciency occurred more often in diastolic (40.46%, 106/ 
262) compared with systolic HF patients (32.58%, 87/ 
267), yet no statistically significant difference reached (p 
= 0.06). The results are consistent with recent study 
showing more diastolic HF occurred in chronic renal 
insufficiency patients [29]. Taking loop diuretics will 
cause lower serum Na level more often since 84.1% of 
hyponatremia patients in our study took loop diuretics 
which could make serum Na level as a confounding 
variable. Additionally, 87.05% (168/193) of patients with 
elevated serum Cr level and 90.45% (161/178) of pa- 
tients with elevated serum BUN level took loop diuretics 
which could explain the weak correlation between loop 
diuretics and serum BNP level as well. Increased serum 
BNP levels in stroke and dementia patients were also 
reported in some studies though a weak correlation found 
[30,31]. However, studies were also found that the ma- 
jority of stroke patients were hypertensive. By subdivide- 
ing stroke patients in groups with or without hyperten- 
sion made no correlation with serum BNP levels [32]. 
Dementia patients usually have higher incidence of CVA 
or blood brain barrier disturbance resulting in higher 
BNP levels [33]. In addition, higher serum BNP levels 
are associated with impaired endothelial function which 
also linked to CVA and dementia as well [34]. In our 
study, these two clinical variables (history of CVA and 
dementia) showed weak correlations with serum BNP 
level and also hard to validate the accuracy due to rela- 
tively small sample size. 

Some studies reported that prolonged hospitalization 
was found in CHF patients with higher serum BNP levels 
[11]. Our results showed poor correlation between serum 
BNP level and LOH in general. However, it seems that 
diastolic HF patients had higher serum Cr level and 
tended to stay longer in hospital than systolic HF patients 
though no statistically significant difference reached. 
This may attribute in part that more comorbidities found 
in diastolic HF patients in our study (data not shown). 

Overall, in our study, the association between different 
clinical variables and serum BNP level were analyzed. 
High variability of serum BNP levels existed in CHF 
patients. Obesity and diastolic HF are two moderately 
stronger independent clinical predictors that could affect 
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the serum BNP level. Hence, it is worthwhile to consider 
these predictors and to know the variability when inter- 
preting BNP levels in different CHF patients. 

4. LIMITATION 

The retrospective methodology and relatively small sam- 
ple size of our study may limit its applicability. In addition, 
using BMI to determine the obesity may not be very ac- 
curate since some CHF patients had signs and symptoms 
of volume overload that could affect the BMI. Other 
clinical variables that could potentially associated with 
serum BNP level were not included in this study, such as 
the ED revisits within 30 days, readmission within 30 
days, intensive care units visit, the severity of pulmonary 
edema, etc. Follow-up was limited in many cases due to 
homelessness, incorrect registration information, or lack 
of access to communication devices. Overall, a large 
prospective study is required to confirm the effects of 
clinical variables on serum BNP levels in CHF patients. 

5. CONCLUSION 

Obesity and diastolic heart failure are two moderately 
stronger independent clinical variables that could affect 
the serum BNP level in CHF patients. Only in diastolic 
HF patients, serum Cr levels show moderate-to-strong 
correlation with serum BNP levels but not in systolic HF 
patients. In addition, serum BNP level is not a suitable 
clinical variable to predict the length of hospitalization in 
CHF patients. Therefore, it is recommended that physic- 
cians should be cautious on interpreting BNP in different 
CHF populations. 
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