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Use of serum fibroblast growth factor 23 vs. plasma
B-type natriuretic peptide levels in assessing
the pathophysiology of patients with heart failure

Miki Imazu1,2, Hiroyuki Takahama1, Makoto Amaki1, Yasuo Sugano1, Takahiro Ohara1, Takuya Hasegawa1,
Hideaki Kanzaki1, Toshihisa Anzai1, Naoki Mochizuki2, Hiroshi Asanuma3, Masanori Asakura1,4

and Masafumi Kitakaze1,4

Recently, fibroblast growth factor 23 (FGF23), a phosphate-regulating hormone, has been linked to the pathophysiology of heart

failure (HF), thus encouraging us to examine which hemodynamic abnormalities of HF are linked to either serum FGF23 or

plasma B-type natriuretic peptide (BNP) levels. We measured both the serum FGF23 and plasma BNP levels in 154 consecutive

prospectively enrolled hospitalized HF patients, with an estimated glomerular filtration rate 440 ml min−1 1.73 m−2, who

underwent heart catheterizations and an echocardiogram. The serum FGF23 levels correlated with the diameter of the inferior

vena cava and its respiratory changes, whereas the plasma BNP levels did not. Both the plasma BNP and serum FGF23 levels

were moderately correlated with the mean pulmonary artery (PA) pressure and pulmonary capillary wedge (PCW) pressure.

Interestingly, in patients with an above-median right-atrial (RA) pressure (4 mm Hg), FGF23 levels were correlated with both

PA and PCW pressures, but the levels were not correlated in patients with a below-median RA pressure. In contrast, the plasma

BNP levels were correlated with both PA and PCW pressures. Finally, serum FGF23 levels, compared with the plasma BNP

levels, were more strongly associated with the clinical outcomes in patients with above-median RA pressure. These findings

suggested that serum FGF23 levels are predominantly correlated with clinical outcomes, may serve as a biomarker for HF in

patients with higher RA pressure, may provide beneficial information for patients with right-sided HF and may represent

different clinical information than that provided only by plasma BNP levels.
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INTRODUCTION

Given the diverse mechanisms of heart failure (HF) pathophysiology,
correctly assessing the severity of HF, ideally noninvasively,
and making an appropriate decision about therapy for HF patients
are required in clinical settings. Symptoms of venous congestion are
observed in ~60% of patients with acute decompensated HF.1

Elevation in pressures on the right side of the heart, including central
venous pressure (CVP), is associated with decreased renal function2

and poorer clinical outcomes in patients with HF.3,4 Renal dysfunction
is a strong predictor of clinical outcomes, and recent studies have
suggested that in patients with HF, impairment of renal function is
associated not only with venous congestion, but also with renal
perfusion.4,5 Venous congestion is strongly related to the outcome
of worsening renal function.2 These findings raise the possibility
that elevations in pressures on the right side of the heart, including

CVP, influence renal function and that such renal dysfunction
might cause neurohormonal abnormalities in association with the
subsequent progression of cardiac remodeling, thus potentially
creating a vicious cycle.
Recently, fibroblast growth factor 23 (FGF23), a phosphate-

regulating hormone, has been linked to both renal and cardiovascular
events in HF patients,6 and may alter cardiovascular function.7 FGF23
receptors are located in the heart and kidney, and their activation
affects both renal and cardiac functions.8 We have reported that HF
progression contributes to elevations in circulating FGF23 levels
independently of renal function.9 However, it has not been clarified
whether a relationship exists between circulating FGF23 levels and
hemodynamics. Theoretically, the mechanisms of the vicious cycle of
HF, including elevated right-atrial (RA) pressure and renal congestion,
might elevate circulating FGF23 levels; however, no evidence has been
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found in patients with HF. In this study, we tested the hypothesis that
pressures on the right side of the heart are linked to circulating FGF23
levels. In addition, we compared the relationship of hemodynamics on
the right side of the heart with plasma BNP levels, which indicate left
ventricular end-diastolic pressure.10

METHODS

The study population
A total of 154 consecutive patients with HF who were admitted to our
department from January to December 2012 were analyzed in this study. The
patients all had an estimated glomerular filtration rate (eGFR) 440 ml min− 1

1.73 m−2 and were scheduled to undergo heart catheterization tests. Previous
studies have reported that a robust relationship exists between serum FGF23
levels and GFR, and have suggested that serum FGF23 levels increase marginally
when renal function declines below a GFR of 30–40 ml min − 1.11,12 In the
present study, we sought to exclude the effects of worsening renal function on
serum FGF23 levels to analyze the relationships between serum FGF23 levels
and hemodynamic parameters. Therefore, we set the inclusion criteria of an
eGFR 440 ml min− 1 1.73 m−2. The HF diagnosis was based on the Framing-
ham criteria.13 We sought to study HF patients with normal renal function and/
or relatively early-stage chronic kidney disease (stages 1–2 chronic kidney
disease and upper, middle stage 3 chronic kidney disease).11,12 During the
hospitalization, we analyzed blood samples collected during the stable chronic
phases of HF, which was defined as New York Heart Association functional
class I or II. We also included data on the acute decompensated HF patients in
their chronic phases.

Measurements of biomarkers
We placed the patients’ blood samples into tubes with ethylenediaminetetraa-
cetate, and then separated and froze the serum in plastic tubes at − 80 °C
until analysis. We measured the FGF23 levels by using a chemiluminescence
enzyme immunoassay (Kyowa Medex, Tokyo, Japan), as described previously.14

The eGFR was calculated according to the published equation for
Japanese persons: 194× serum creatinine− 1.094 × age− 0.287 × (0.739 for
females).15

Echocardiography
We measured the left ventricular (LV) dimensions and heart-wall thicknesses
according to the American Society of Echocardiography Guidelines.16 We also
recorded the presence/absence of respiratory changes in the inferior vena cava
and the diameter of the inferior vena cava.16

Right- and left-heart catheterization
We performed right- and left-heart catheterizations on the study participants
and prospectively collected clinical data. We performed a standard right-heart
catheterization via either the internal jugular vein or the femoral vein by using a
Swan–Ganz catheter (Goodman, Tokyo, Japan). The cardiac output was
calculated by the direct Fick method, using the oxygen consumption, which
was measured by gas analysis with an Aeromonitor AE-300S (Minato Medical
Science, Osaka, Japan). A standard left-heart catheterization was performed via
either the radial artery or femoral artery by using an angled pigtail catheter
(Terumo, Tokyo, Japan).
Using the right- and left-heart catheterization data, we obtained the cardiac

hemodynamic parameters for the right and left sides of the hearts, including the
RA pressure, pulmonary artery (PA) pressure, pulmonary capillary wedge
(PCW) pressure and cardiac index (CI), all of which are essential hemodynamic
markers for HF.

Clinical outcomes
We followed up the 154 patients for 180–500 days (minimum period to
maximum period, average period, 338± 113 days), and observed the incidence
of cardiovascular death and hospitalization from HF. An independent physician
determined whether cardiovascular conditions were the cause of death and
made the decisions regarding the causes of the hospitalizations of the patients.

Ethics
Written informed consent was obtained from all subjects. This study was
approved by National Cerebral and Cardiovascular Center Institutional Ethics

Table 1 Clinical characteristics

Characteristics (n=154)

Demographic data
Age (years) 65 (48–72)

Female (n, %) 79, 51

Medical history
Hypertension (n, %) 78, 51

Hyperlipidemia (n, %) 68, 44

Diabetes mellitus (n, %) 36, 24

Stroke (n, %) 15, 10

Atrial fibrillation (n, %) 41, 27

Etiology of heart failure
Cardiomyopathy n, % 65, 42

Valvular heart disease n, % 69, 45

Hypertensive heart disease n, % 10, 6

Ischemic heart disease n, % 4, 3

Others n, % 6, 4

Physical findings
Blood pressure (mm Hg)

Systolic 114 (103–126)

Diastolic 65 (57–72)

Heart rate (bpm) 68 (59–76)

Body mass index (kg m−2) 23 (20–26)

Medications
β-blockers (n, %) 77, 50

ACE inhibitors or ARBs (n, %) 81, 53

Loop diuretics (n, %) 58, 38

Statins (n, %) 49, 32

Laboratory data
Total bilirubin (mg dl−1) 0.7 (0.5–0.9)

Albumin (g dl−1) 4.3 (4.1–4.5)

AST (U l−1) 22 (19–27)

ALT (U l−1) 18 (13–27)

Sodium (mg dl−1) 141 (139–142)

Calcium (mg dl−1) 9.4 (9.1–9.7)

Pi (mg dl−1) 3.6 (3.3–4.0)

Parathyroid hormone (pg dl−1) 52 (41–70)

eGFR (ml min−1 1.73 m−2) 70.7 (58.6–80.7)

Creatinine (mg dl−1) 0.8 (0.6–0.9)

BUN (mg dl−1) 16 (14–20)

UA (mg dl−1) 5.6 (4.6–7.1)

Hb (g dl−1) 13.3 (12.2–14.4)

Erythropoietin (mIU−1 ml) 19 (13–24)

Troponin T (ng ml−1) 0.012 (0.008–0.020)

TNF α (pg ml−1) 1.1 (0.5–1.7)

IL-6 (pg ml−1) 1.8 (1.0–3.0)

BNP (pg ml−1) 99 (49–232)

FGF23 (pg ml−1) 38.8 (31.0–48.2)

Abbreviations: ACE, angiotensin-converting enzyme; ALT, alanine aminotransferase;
ARBs, angiotensin II receptor blockers; AST, asparatate aminotransferase; BNP, B-type
natriuretic peptide; BUN, blood urea nitrogen; eGFR, estimated glomerular filtration rate;
FGF23, fibroblast growth factor 23; IL-6, interleukin-6; Others, myocarditis, aortitis syndrome
and corrected transposition of the great arteries; TNF, tumor necrosis factor; UA, uric acid.
Data are expressed as percentages and median values (25th–75th percentiles).
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Committee and was conducted in accordance with the principles of the
Declaration of Helsinki.

Statistical analysis
The normally distributed data are expressed as the median and interquartile
range (IQR), or mean± s.d. Pearson’s correlation coefficient analysis and a
univariate linear regression analysis were used to assess the relationships
between FGF23 and the other variables. For the combined end-point analysis
and the survival rate, log-rank tests and Kaplan–Meier survival analyses were
performed, respectively. The relative risk of cardiovascular events was estimated
using the Cox proportional hazard regression model. All of the tests were two-
tailed, and Po0.05 was considered to be significant. These analyses were
performed with the JMP software for Windows (version 8.0.2, SAS, Cary,
NC, USA).

RESULTS

A total of 154 HF patients (75 men and 79 women, median patient age
65 years (IQR, 48–72 years)) were prospectively enrolled in this study
and their characteristics are shown in Table 1. All of the patients were

Table 2 Hemodynamics data

(n=154)

Central hemodynamics
Mean RA pressure (mm Hg) 4 (2–5)

Mean PA pressure (mm Hg) 17 (14–22)

Mean PCW pressure (mm Hg) 10 (7–14)

LV end-diastolic pressure (mm Hg) 12 (8–19)

Flow and resistance data
Cardiac index (l min−1 m−2) 2.5 (2.1–3.0)

SVRI (Wood units per m2) 13.3 (10.4–16.8)

PVRI (Wood units per m2) 1.1 (0.7–1.7)

Abbreviations: PA, pulmonary artery; PCW, pulmonary capillary wedge; PVRI, peripheral vascular
resistance index; RA, right atrial; SVRI, systemic vascular resistance index.
Data are expressed as median values (25th–75th percentiles).
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Figure 1 The association of the plasma BNP levels (left panels) and serum FGF23 levels (right panels) with the HF parameters obtained from the heart-
catheterization echocardiograms. The serum FGF23 levels were well correlated with the IVC values (b), the RC (d) and RA (f) pressure values, but the plasma
BNP levels were not (a, c, e). BNP, B-type natriuretic peptide; FGF23, fibroblast growth factor 23; HF, heart failure; IVC, inferior vena cava; RA, right atrial;
RC, respiratory changes.
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in New York Heart Association functional class I or II. The HF
etiologies were cardiomyopathy (42%), valvular heart disease (45%),
hypertensive heart disease (6%), ischemic heart disease (3%) and
other (4%). The median eGFR value, plasma BNP levels and
serum FGF23 levels were 70.7 ml min− 1 1.73 m−2 (IQR,
58.6–80.7 ml min− 1 1.73 m−2), 99 pg ml− 1 (IQR, 49–232 pg ml− 1)
and 38.8 pg ml− 1 (IQR, 31.0–48.2 pg ml− 1), respectively.
Table 2 shows the cardiac hemodynamic data that were obtained

during the right- and left-heart catheterizations. Figure 1 shows the
relationships between the plasma BNP and serum FGF23 levels
and the hemodynamic parameters evaluated by the right-heart

catheterizations and echocardiogram. The serum FGF23 levels were
moderately correlated with the inferior vena cava parameters and RA
pressure values, but the plasma BNP levels were not. Figure 2 shows
the relationship between the plasma BNP and serum FGF23 levels and
the hemodynamic parameters determined by the right- and left-heart
catheterizations in the patient groups with below- and above-/equal-
median RA pressures. The plasma BNP levels were well correlated
with all parameters (CI, mean PA pressure and mean PCW pressure)
in both the below- and above-/equal-median RA pressure groups
(Figures 2a,c and e). The serum FGF23 levels in both the below- and
above-/equal-median RA pressure groups were correlated with the CI
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Figure 2 The association of the plasma BNP and serum FGF23 levels in the below- and above-/equal-median RA pressure groups and the hemodynamic
parameters obtained by heart catheterizations and echocardiograms. The plasma BNP levels were well correlated with all of these parameters in both the
below- and above-/equal-median RA pressure groups (a, c, e). The serum FGF23 levels in both below- and above-/equal-median RA pressure groups
correlated with the CI (b). The levels in the above-/equal-median RA pressure group were correlated with PA pressure (d) and PCW pressure (f), whereas
those in the below-median RA pressure group were not (d, f). BNP, B-type natriuretic peptide; CI, cardiac index; FGF23, fibroblast growth factor 23; PA,
pulmonary artery; PCW, pulmonary capillary wedge; RA, right atrial.
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(Figure 2b). The serum FGF23 levels in the above-/equal-median RA
pressure group were correlated with both the mean PA pressure and
the PCW pressure. In contrast, the serum FGF23 levels were not
correlated with the mean PA and PCW pressures in the patient group
with below-median RA pressures. Furthermore, the serum FGF23
levels were associated with the levels of serum sodium and blood urea
nitrogen, and eGFR, indexes of right-sided HF, whereas the plasma
BNP levels were not (Table 3).
We also investigated the relationships between plasma BNP and

serum FGF23 levels and the clinical outcomes. Figure 3 shows the
Kaplan–Meier cardiovascular event-free curves according to the
plasma BNP levels (Figure 3a), serum FGF23 levels (Figure 3b), and
the combination of serum FGF23 and plasma BNP levels (Figure 3c)
above/equal and below the medians of 99.2 and 38.8 pg ml− 1,
respectively. These figures reveal that the serum FGF23 and BNP
levels were associated with the incidence of cardiovascular death
and/or hospitalization owing to HF, and that the strongest association
was present between the combination of the above-/equal-serum
FGF23 levels and -plasma BNP levels and the clinical outcomes.
The multivariate analysis of the right-heart catheterization data

revealed stronger relationships between the serum FGF23 levels
and the mean RA pressure and PA pressure, than those observed
for the plasma BNP levels (Table 4). Table 5 shows that plasma BNP
levels were associated with the mean PA pressure independently
of the mean RA pressure. In contrast, serum FGF23 levels were
not associated with the mean PA pressure after accounting for mean
RA pressure.
The multivariate Cox regression analysis revealed that serum FGF23

levels, but not plasma BNP levels, were independent predictors of
clinical outcomes (Table 6).

DISCUSSION

This study produced the following major findings: (1) the statistical
association of pulmonary hypertension with serum FGF23 levels in the
HF patients was found only in HF patients with above-median RA
pressures, not in those with below-median RA pressure, and (2) serum
FGF23 levels were associated with the cardiovascular outcomes as well
as plasma BNP levels, thus suggesting equivalent predictability for
clinical outcomes as BNP levels.17

The pathophysiological reasons for the production of BNP and
FGF23 in vivo are markedly different. Ventricular stress and excess
neurohormonal factors are major factors stimulating cardiac BNP

production.10,18,19 Owing to differences in left and right ventricular
sizes, more marked elevations of plasma BNP levels are often observed
in left-sided HF rather than right-sided HF. BNP is an established
biomarker for HF patients. However, it has occasionally been observed
that plasma BNP levels vary in hospitalized patients, and BNP can also
be affected by other HF-associated factors,20 which suggests that

Table 3 Relationship between either FGF23 levels or log (BNP) levels

and laboratory data

FGF23 Log BNP

r2 P-value r2 P-value

Laboratory data
Total bilirubin (mg dl−1) 0.065 0.0008 o0.0001 0.8220

AST (U l−1) 0.031 0.0185 0.004 0.3989

ALT (U l−1) 0.002 0.5495 0.054 0.0020

Sodium (mg dl−1) 0.029 0.0231 0.002 0.5096

BUN (mg dl−1) 0.117 o0.0001 0.016 0.0951

eGFR (ml min−1 1.73 m−2) 0.099 o0.0001 0.065 0.0006

UA (mg dl−1) 0.188 o0.0001 0.027 0.0340

Abbreviations: ALT, alanine aminotransferase; AST, asparatate aminotransferase; BNP, B-type
natriuretic peptide; BUN, brain natriuretic peptide; eGFR, estimated glomerular filtration rate;
FGF23, fibroblast growth factor 23; UA, uric acid.
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Figure 3 Kaplan–Meier analyses of cardiovascular events, that is,
rehospitalization and cardiovascular death, in the above-/equal- and below-
median BNP levels (a) and FGF23 levels (b), and the combination of BNP
and FGF23 levels (c). The serum FGF23 levels predicted the incidence of
cardiovascular death and/or hospitalization owing to HF, and the plasma
BNP levels predicted these same clinical outcomes. The most potent
predictor of cardiovascular outcomes was the combination of BNP and
FGF23 levels in (c). BNP, B-type natriuretic peptide; FGF23, fibroblast
growth factor 23; HF, heart failure.
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knowing the plasma BNP levels is not sufficient to understand
the severity and pathophysiology of HF, given the diverse patho-
physiological mechanisms underlying left- and right-sided HF.
In contrast, FGF23, which is produced in the bones in response to

changes in serum phosphate levels,21 affects cardiac function;7 FGF23
increases phosphate efflux from the kidney and consequently reduces
serum phosphate levels and causes cardiac hypertrophy.22 Therefore,
renal dysfunction caused by kidney congestion may decrease the efflux
of phosphate to the urine and increase serum phosphate levels. Indeed,
serum phosphate levels have been reported to increase in patients with
HF,8 and to contribute to the increased mortality and morbidity in
these patients. In response to the renal congestion caused by elevated
CVPs, serum phosphate levels may increase, which may in turn
increase serum FGF23 levels. If this scenario were true, elevations in
CVP and/or RA pressures might plausibly increase FGF23 levels, thus
indicating that serum FGF23 levels may serve as a biomarker of HF,
particularly, right-sided HF. Indeed, eGFR and plasma sodium levels,
which may be the result of renal congestion or edema, are closely
related to serum FGF23 levels (Table 3). RA pressure, which is the
index of preload in the heart, was closely related to serum FGF23
levels, but not to plasma BNP levels. Table 4 shows the relatively
stronger relationships of serum FGF23 levels with RA pressure and PA
pressure. Interestingly, Table 5 shows that serum FGF23 levels were

not associated with the mean PA pressure after accounting for RA
pressure. Statistically, this result indicated that serum FGF23 levels
were indirectly associated with PA pressure, suggesting that its levels
were associated with PA pressures under the conditions of high RA
pressures. In contrast, such findings were not observed in the
relationship between serum BNP levels and PA pressure (Table 5).
Furthermore, we showed that HF progression increased the
production of FGF23 independent of renal dysfunction in the previous
report, although we have not clarified how HF increases FGF23 levels.9

Together, these findings raise the possibility that serum FGF23 levels
may serve as a biomarker representing the conditions of both higher
RA pressures and pulmonary hypertension, rather than lower RA
pressure, even in a setting of pulmonary hypertension owing to
elevations in LV end-diastolic pressure.
However, it was puzzling that the increases in serum FGF23 levels

were positively correlated with a reduced CI, but not with increased
CI, given that the increased preload following the FGF23 levels should
have increased the CI. Indeed, the increased preload did not enhance
the CI in the HF, but instead decreased it. Ross23 has shown that when
the preload reserve is fully utilized, the LV function easily moves to an
apparent descending limb of the Frank–Starling curve and is followed
by a decrease in CI. Another possible explanation for the connection
between serum FGF23 levels and decreased CI is that FGF23 itself may
worsen LV performance. Indeed, FGF23 has been reported to cause

Table 4 Multivariate analysis of right-heart catheterization data

Model 1 Model 2

Regression coefficient 95% CI P-value Regression coefficient 95% CI P-value

Mean RA pressure, mm Hg
FGF23 (pg ml−1) 0.0334 0.007, 0.060 0.0129 0.0367 0.009, 0.065 0.0106

BNP (pg ml−1) −0.00003 −0.002, 0.002 0.9775 0.00005 −0.002, 0.002 0.9595

Mean PA pressure, mm Hg
FGF23 (pg ml−1) 0.096 0.026, 0.165 0.0073 0.0958 0.023, 0.169 0.0107

BNP (pg ml−1) 0.005 −0.0002, 0.009 0.0604 0.0045 −0.0003, 0.009 0.0641

Mean PCW pressure, mm Hg
FGF23 (pg ml−1) 0.0649 0.015, 0.115 0.0110 0.0682 0.015, 0.121 0.0120

BNP (pg ml−1) 0.0049 0.002, 0.008 0.0048 0.0050 0.002, 0.008 0.0048

Abbreviations: BNP, B-type natriuretic peptide; CI, confidence interval; eGFR, estimated glomerular filtration rate; FGF23, fibroblast growth factor 23; PA, pulmonary artery; PCW, pulmonary
capillary wedge; RA, right atrial.
Model 1 was unadjusted. Model 2 was adjusted for age, sex and eGFR.

Table 6 Multivariate Cox regression analysis for 500 days’ cardiac

events

Above-median value vs. below-median

value HR 95% CI P-value

Model 1
FGF23 (pg ml−1) 1.05 1.02–1.08 0.001

BNP (pg ml−1) 1.00 0.99–1.00 0.934

Model 2
FGF23 (pg ml−1) 1.06 1.03–1.10 o0.001

BNP (pg ml−1) 1.00 0.99–1.00 0.903

Abbreviations: BNP, B-type natriuretic peptide; CI, confidence interval; eGFR, estimated
glomerular filtration rate; FGF23, fibroblast growth factor 23; HR, hazard ratio.
Model 1 was unadjusted. Model 2 was adjusted for age, sex and eGFR.

Table 5 Multivariate analysis of mean PA pressure

Multivariate analysis

Variables Regression coefficient, mm Hg 95% CI P-value

Model 1
FGF23 (pg ml−1) 0.054 −0.010, 0.118 0.0977

Mean RA pressure 1.342 0.972, 1.712 o0.0001

Model 2
BNP (pg ml−1) 0.005 0.001, 0.009 0.0221

Mean RA pressure 1.394 1.033, 1.754 o0.0001

Abbreviations: BNP, B-type natriuretic peptide; CI, confidence interval; eGFR, estimated
glomerular filtration rate; FGF23, fibroblast growth factor 23; PA, pulmonary artery;
RA, right atrial
In the multivariate model, eGFR was adjusted.
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cardiac hypertrophy and remodeling in animal models.22 In this sense,
FGF23 is an index of both left- and right-sided cardiac dysfunction.
FGF23 levels may increase in response to the increased preload and
the increased FGF23 may worsen ventricular function.
In contrast to the patterns of the FGF23 levels, the BNP levels

corresponded to CI; the increase in the plasma BNP level was linked to
a decrease in the CI. A low CI further increased both the PCW
pressure and PA pressure, but did not affect RA pressure, because the
majority of the plasma BNP was attributable to LV and because the
BNP level is an index of stress in the LV.10

If the BNP level predominantly reflects the LV dysfunction and if
FGF23 levels are associated with the LV dysfunction, and further
indicate increases in the LV preload and RV dysfunction, then serum
FGF23 levels may be a more sensitive indicator of the pathophysiology
of HF than plasma BNP levels. This hypothesis seems to be supported
by the results in Table 6, which shows that serum FGF23 may be a
superior biomarker to the plasma BNP. At a minimum, we suggest
that FGF23 levels reflected elements of the pathophysiology of HF that
are not reflected by the plasma BNP levels in these patients, thus
indicating that the serum FGF23 levels may be an independent and
unique gauge of the pathophysiology of HF, and may be a predictor of
the clinical outcomes of HF patients independently of BNP.

Limitations
Our study has some limitations. First, because this study was a
single-center study, the number of patients was limited, particularly,
those subjects with acute decompensated HF. Second, there was a
selection bias in the patients who underwent right- and left-heart
catheterizations; therefore, we analyzed a limited number of patients.
We believe that our hypothesis should be evaluated in future
multicenter trials. Clinically, RA pressure has often been investigated,
not the CVP; thus, we performed our investigation using the RA
pressure, not the CVP.

CONCLUSIONS

Serum FGF23 levels, compared with plasma BNP levels, are
predominantly correlated with pressures on the right side of the
heart. These findings suggest that serum FGF23 levels can predict
the pathophysiology and clinical outcomes of the HF patients
independently of plasma BNP levels, mainly in patients with
right-sided HF.
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