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Association of B-Type Natriuretic Peptide Levels
With Estimated Glomerular Filtration Rate and
Congestive Heart Failure

Carmen L. Wiley, PhD; Sean P. Switzer, DO; Richard L. Berg, MS;
Ingrid Glurich, PhD and Richard A. Dart, MD

Background: The causes of elevated B-Type natriuretic peptide (BNP) levels are multifactorial. Renal
dysfunction has been shown to affect BNP levels in some studies and the diagnostic value of BNP
levels in the presence of chronic kidney disease has been questioned. Prior studies have involved small
patient populations with variable outcomes noted. This study evaluated the association of BNP levels
with an estimated glomerular filtration rate (eGFR) and presence or absence of congestive heart
failure (CHF).

Methods: A retrospective, cross-sectional study in which medical records were electronically
screened, identified patients with a BNP level and serum creatinine measurement on the same day
between December 2002 and March 2006.

Results: Of 1739 eligible patients, 537 were positive for CHF and 1202 were negative for CHF by our
criteria. There was a clear trend for BNP to be higher with the advancement of CHF, as determined
by New York Heart Association (NYHA) classification (P<0.001). Median BNP levels increased from
65 pg/mL in patients without CHF to 496 pg/mL in patients with NYHA class [V CHF (P <0.001), and
there was a strong inverse association with eGFR (P <0.001).

Conclusion: BNP levels show a strong inverse association with eGFR in both CHF and non-CHF
patients. Currently best practice at most institutions involves use of BNP cutoff diagnostic levels not
adjusted for eGFR. The data presented underlines that eGFR is a significant confounder of BNP
measurement especially when renal status is compromised and interpretation of clinical significance in
the presence of elevated BNP measures should take renal status into consideration.

Keywords: B-Type natriuretic peptide; Chronic kidney disease; Congestive heart failure;
Glomerular filtration rate

The natriuretic peptide (NP) system is a family of
structurally similar but genetically distinct circulatory peptide
hormones from either myocardial cell origin (atrial and
B-type) or endothelial cell origin (C-type). The NP system
functions in the regulation of blood pressure, and electrolyte
and volume homeostasis.! Binding of B-type natriuretic
peptide (BNP) to its receptors in blood vessels or kidneys
initiates diuretic, natriuretic, and vasorelaxant activities.
Therefore, the cause of an elevated BNP level is multifactorial
in origin and may reflect cardiac dysfunction, and/or changes
in renal function. Atrial NP and BNP levels have been

proposed as biomarkers for congestive heart failure (CHF),
predictors of mortality and biomarkers for drug efficacy in
patients with heart failure or left ventricular hypertrophy.2-4
Increased mortality in chronic renal failure is most frequently
caused by congestive heart failure and/or coronary heart
disease.57 Since renal dysfunction intrinsically was shown to
affect BNP levels in some studies, the diagnostic value of
BNP levels in the presence of chronic kidney disease has
been questioned.”-8 Prior studies have involved small patient
populations and outcome data reported were variable. Thus,
to contribute clinical value, BNP measurements need to be
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Table 1. BNP results by New York Heart Association classification.

NYHA Class N
No CHF 1202
| 116
Il 271
n 115
\% 35

BNP (pg/mL)

Median Interquartile Range
65 28-140
285 130-516
343 161-579
427 249-747
496 248-1340

BNP, B-type natriuretic peptide; CHF, congestive heart failure; eGFR, estimated glomerular filtration rate.

explored within the context of renal function when
developing patient treatment strategies. The goal of this study
was to further evaluate the relationship between estimated
glomerular filtration rate (¢GFR) and BNP concentration in a
large retrospective cohort of patients with varying levels of
renal function.

Methods

A retrospective cross sectional study of BNP levels (TRIAGE
BNP Test; Biosite Diagnostics) and GFR estimated from
serum creatinine by the four-parameter MDRD equation®:10
was conducted using electronic abstraction (programmed
record review) in a large multi-specialty clinic and hospital in
central Wisconsin for patients evaluated between December
2002 and March 2006. The study was approved by the
institutional review board of the Marshfield Clinic Research
Foundation (Marshfield, WI).

Inclusion criteria

Patients were included if they met the following criteria: (1)
documentation of a BNP level and a serum creatinine
measurement on the same day; (2) >18 years of age on test
date; and (3) validation of CHF status as non-CHF or CHF
with classification by New York Heart Association (NYHA).
Patients presented either as Clinic outpatients, in the hospital
emergency room, or were hospital inpatients. Inpatients
represented 36% of the total study population presented in
this study. Patients were defined as having CHF only if they
met all of the following requirements: (1) at least two ICD-9-
CM diagnosis codes for CHF (CHF exacerbation 428.0, and/

Table 2. Patient characteristics.

No CHF (n=1202)

Male 48.8%
Admitted to hospital 36.0%
Age, years

median (range) 71.5(18-102)
eGFR, mL/min

median (range) 74.9 (13-161)

or systolic and diastolic heart failure 428.1-428.9, and/or
volume / fluid overload 276.6) with at least 14 days between
the first and the last; (2) at least one CHF diagnosis outside
of the Emergency Room; (3) at least one diagnosis by a
specialty provider (internal medicine, cardiology, or cardiac
surgery); (4) at least one diagnosis within 5 days of the BNP
measurement; and (5) recorded NYHA classification. Patients
with no relevant diagnostic codes listed above for CHF were
subset to the non-CHF group.

Exclusion Criteria

Patients showing a CHF-relevant diagnosis or a NYHA
classification but not meeting the CHF criteria above were
excluded from all analyses. Patients with renal failure were
excluded if they showed Current Procedural Terminology
codes for dialysis (90918-90925, G0312-G0327, 90935,
90937, 90945, and/or 90947) or any renal failure-related
ICD-9-CM diagnostic codes (end stage renal disease 585,
kidney transplant v42.0, hypertensive renal disease with renal
failure 403.01, 403.11, 403.91, and/or hypertensive heart and
renal disease and renal failure 404.03, 404.13, 404.93).
Finally, patients were also excluded if they showed any
pregnancy-related ICD-9-CM diagnostic codes.

Patient data was downloaded from the electronic medical
record and electronically screened as detailed above. Some
patients had more than one BNP result, often dependent on
their status as inpatient or outpatient, but analyses were
limited to the first available result, so each unique BNP value
in this report reflects a unique patient. NYHA classifications

Class I-ll (n=387) Class llI-IV (n=150)

50.6% 49.3%
35.9% 40.0%
80.3 (37-99) 80.6 (32-100)

60.9 (14-135) 55.9 (15-133)

8 BNP with eGFR and congestive heart failure

CM&R 2010 : 1 (March)



2048

n: 295 425 469 508 201 136 119 86 130 62 36 34
1024 + ]
+
+ ] |* +
— + L
j | L | —
§ 2567 . —_—
(@) L
=
S 1281 L |*| [4 -
m +
64 -
32
16 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4
No CHF NYHA I or Il NYHA Il or IV

Figure 1. BNP by CHF group and eGFR quartile (Q1-Q4). Subjects within CHF group are divided by the overall eGFR distribution
(eg, Q1 = lowest 25% for eGFR in all groups, Q4 = highest 25%). Within these eGFR subgroups, box plots extend from the 25th
to the 75t percentile for BNP, with a bar at the median and a “+” indicating the subgroup mean BNP. The number of subjects
in each subgroup is shown at the top of the figure. Increasing severity of underlying congestive heart failure was associated
with increasing BNP (P<0.001). In addition, there was a strong and highly significant inverse association between BNP and
eGFR (P<0.001), with higher BNP levels observed in those with lower eGFR.

I and II were combined, as were classifications III and IV, for
most analyses to simplify the presentation. The primary
analyses used general linear regression models (analysis of
covariance). In these regression analyses, BNP was modeled
as a function of eGFR and CHF classification. Models were
tested for differences in the relation of BNP with eGFR (ie,
the slope) between CHF and non-CHF patients. Adjustment
for age and gender did not diminish the significance of the
associations of BNP with eGFR and CHE, and age and gender
were not included in the final models. Analyses of the
residuals and predicted values from the regression models
were evaluated to ensure that the models adequately
represented the observed data, and both BNP and eGFR were
first transformed in the final models by taking the natural
logarithm to reduce skewness. The primary aim of these
analyses was to establish the statistical significance of
associations, rather than to determine the exact form of any
existing relationships. Test results were reported as the
observed significance levels (P-values) for F tests from the
analysis of covariance model for log(BNP) as a function of
log(eGFR) and CHF classification, and were deemed
significant at the 5% level (P<0.05).

Results

Of 1739 eligible patients, 537 met criteria for CHF and 1202
met criteria as negative for CHFE. BNP results within each
NYHA classification are summarized in table 1. The NYHA
classes were combined into three groups in table 2, which
shows near equal numbers of men and women in all groups,
but the CHF groups were somewhat older and with somewhat
lower eGFR. As shown in figure 1, increasing severity of
underlying congestive heart failure was associated with
increasing BNP (P<0.001). In addition, there was a strong
and highly significant inverse association between BNP and
eGFR (P<0.001), with higher BNP levels observed in those
with lower eGFR. This was true for both CHF and non-CHF
patients, although the relationship was stronger in those
without CHF.

Discussion

B-type natriuretic peptide belongs to a family of natriuretic
proteins whose physiological role is maintenance of sodium
homeostasis and protection of the cardiovascular system from
volume overload.!! The biologically active form of BNP and
the inactive amino terminal fragment NT-proBNP represent
cleavage products of the precursor pre-proBNP which is
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synthesized by ventricular myocytes in response to
physiological signals such as stretching of the ventricular
wall, changes in systemic blood pressure, sodium levels or
extracellular volume. To mediate its action, BNP is metabolized
by specific natriuretic peptide receptors found in kidney,
lung, liver, and along the vascular endothelium, while the NT
BNP is mainly cleared by the kidneys.!2

In a recent review, Vanderheyden et al!3 observed that, despite
the potential usefulness of both BNP and Nt-proBNP in
diagnosis and management of patients with heart failure,
including monitoring of response to drugs and a considerable
body of literature exploring the usefulness of these biomarkers
relative to these assessments, optimal strategies for their
application in the clinical context remain undefined. The
issue of how to differentially interpret BNP in the presence or
absence of CHF and within the context of renal function has
received considerable attention but remains incompletely
resolved from a clinical perspective. Currently, clinical
decisions which incorporate BNP results are made without
formal adjustment for renal function. However, viewed from
the physiological perspective of their function and clearance,
changes in either renal or cardiac function could potentially
impact NP levels and incomplete knowledge of the patient
clinical status relative to degree of cardiac pathology or renal
function could confound interpretation of BNP levels during
evaluations of an acute event.!2

Studies like the one by Masson et all4 of a cohort of 3916
patients with heart failure, suggested that BNP and NT BNP
were independent markers correlating strongly with outcomes
of CHF including: mortality, morbidity and hospitalization.
Other factors which correlated with BNP levels reported by
these authors included age, NYHA class, ventricular function,
body mass index, cardiac arrhythmia, ischemia, diurtetics,
bilirubin, creatinine, and C-reactive protein. In their study of
213 subjects, Vickery et all5 were among the first investigators
to demonstrate that as renal function declined, BNP levels
increased, especially among the subset of patients with
ventricular hypertrophy. DeFilippi et al'® similarly found that
among 389 patients with and without decompensated heart
failure, those with eGFR >60 mL/min/1.73m? had lower BNP
levels than patients whose eGFR <60 mL/min/1.73m?2.
Outcomes of other studies!7:18 however, suggested to Tagore
et all® that the relationship between renal function and BNP
levels may be most strongly dependent on cardiac and
volume-related factors. To test this hypothesis, these
investigators studied BNP levels in a cohort of 143 clinically
euvolemic patients with chronic kidney disease in whom
absence of heart disease was clinically validated. These
authors concluded that plasma BNP levels were independent
of GFR.19 Jourdian et al?0 evaluated use of serial measures of
BNP over time to evaluate response to angiotensin converting
enzyme inhibitors, beta blockers and diuretics and
demonstrated the potential utility of these measures in
predicting death or hospitalization related to chronic heart
failure. These authors excluded patients with chronic renal

failure from their study.2? Suresh and Farrington?! conducted
a study of BNP levels in dialysis patients and concluded that
BNP levels were predictive of presence of left ventricular
dysfunction, cardiac events and survival in the presence of
end stage renal disease, suggesting that BNP levels may be
informative across the full range of renal function and even in
its absence. Mark et al?2 also performed a study for which
they recruited patients to cover a range of renal function
including patients on hemodialysis (n=55), with functional
renal allografts (n=53) and 188 patients separated into
quartiles based on renal function as determined by creatinine
clearance measures. Patients were further evaluated for heart
function by echocardiography for presence of left ventricular
hypertrophy, dilatation, systolic and/or diastolic dysfunction,
pharmacological treatment and blood chemistry. These authors
concluded that, across the spectrum of renal function
represented in their population, GFR exceeded ventricular
function as the more important determinant impacting serum
BNP levels. These authors further noted that in addition to
GFR, hypoalbuminemia, anemia, use of beta blockers and age
were significant confounders of serum BNP levels as has also
been reported by others.23-27 Although subgroups of the Mark
et al22 study were small, the authors cautioned that diagnostic
utility of BNP in the presence of deteriorating renal function
may be compromised to some extent.

In the present study, BNP was modeled as a function of eGFR
and CHF classification. Differences in the relationship of
BNP with eGFR in the presence and absence of CHF were
explored. Patients with diagnostic codes for end stage renal
disease, renal transplants or those on dialysis were excluded
from these analyses to allow for evaluation in the presence of
varying degree of renal function. Our data corroborated that
a strong and highly significant inverse association between
BNP and eGFR (P<0.001) was evident, with higher BNP
levels observed as eGFR declined. In addition our study
demonstrated that increasing severity of underlying congestive
heart failure was associated with increasing BNP (P<0.001).
Our study population is one of the largest evaluated to date
and demonstrated a clear and statistically significant
relationship between BNP and eGFR, in patients both with
and without heart failure. Data subset to NYHA classification
subgroups based on disease severity were included to further
demonstrate this relationship. Notably, adjustment for age and
gender did not diminish the significance of the associations of
BNP with eGFR and CHF in the present study.

Current literature has supported clear and convincing evidence
of increasing BNP levels with worsening heart failure, but has
lacked clear recommendations regarding renal function.
Understanding the relationship of eGFR and BNP in the
presence and absence of clinical heart failure is beneficial to
clinicians’ understanding and interpretation of BNP levels
when making diagnostic and treatment decisions. Some
studies have attempted to model variance contributed by
factors impacting BNP levels. For example, Lukowicz et al2>
reported that left ventricular mass and body surface area were
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more predictive of natriuretic protein levels than any other
cardiac parameter evaluated by echocardiography. Their
predictive model however, explained only 13% of variance
associated with BNP levels. As in our study, Tagore et all®
found that age correlated with NP levels in univariate analysis
but inherently provided no predictive value. Other factors
contributing to variance included left ventricular mass/body
surface area (7%) and beta blocker usage (7%). Notably, more
than one third of variance associated with NT proBNP levels
(not evaluated in the current study) was attributable to GFR.
This is likely attributable to the fact the NT proBNP clearance,
unlike BNP, occurs almost exclusively at the level of the
kidney28 and would therefore be more sensitive to level of
renal function than BNP. Still other studies have attempted to
define sensitivity, specificity, negative and positive predictive
value for specific endpoints related to outcome and cut point
values for BNP across a range of renal function. For example,
McCullough et al,29 in their initial report on 1666 patients
enrolled in the ‘Breathing Not Properly Study’, reported only
a weak correlation between BNP and GFR which influenced
the optimal cut point for BNP, especially in patients with
eGFR >60 mL/min/1.73m2. Similar cut points were reported
by DeFilippi et al!® However, as reviewed by Yang et al30 in
2008, cut off ranges vary broadly (200 pg/ml to 2000 pg/ml),
and applicability differs across subsets of patients depending
on cardiac and renal functional status. The goals of the
present study did not include calculation of cut points or
evaluation of sensitivity or specificity due to the limitations
associated with the retrospective design and electronic data
abstraction methodology discussed below.

While the strength of this study is the number of unique
patient records reviewed, its limitations are its retrospective
design and data abstraction performance using only an
electronic approach. However, our medical records have
previously demonstrated a high degree of accuracy relative to
phenotypic development by application of electronic
abstraction relative to cardiac disease3!-3> and reliable retrieval
of laboratory data. This is reflected in the close parallels
between patterns of eGFR, cardiac disease and BNP reported
by Mark et al22 in a prospective population that was carefully
characterized for cardiac function. However, we are well
aware that diagnosing and classifying heart failure is difficult,
and misclassification is not uncommon. In the present study,
patients classified in the non-CHF group could actually have
had mild to moderate forms of CHF, and this would attenuate
the association we are demonstrating to some degree. However,
we see a highly significant association even though we are not
able to fully validate exclusion of undiagnosed CHF from the
“non-CHF” group.

Conclusion

Our goal was to provide compelling evidence of the association
of renal function and BNP, with the full expectation that
additional prospective studies will be required to validate and
better define this relationship. Ideally, clinicians need clear
guidelines regarding BNP and heart failure that include

consideration of eGFR. Currently most institutions, including
our own, continue to use BNP cutoff diagnostic levels that
have not been adjusted for eGFR. Our data emphasized that a
single BNP measurement must be evaluated in conjunction
with the entire clinical presentation, particularly the level of
renal function.
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