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Abstract

Background: Rapid progression of aortic stenosis (AS) is associated with poor outcomes, and the impact of B-type natriuretic peptide
(BNP) on AS progression remains unknown. Objectives: The purpose of the present study was to investigate the association between
BNP level and the AS progression rate. Methods: From January 2016 to June 2021, 200 AS patients with progression who had at least
two transthoracic echocardiograms with a maximum interval of 180 days were retrospectively analyzed. Rapid progression of AS was
defined as the annual increase of aortic jet velocity (Vmax) ≥0.3 m/s/year. For analyses, both the log-transformed BNP and the BNP
ratio were used. The linear regression and binary logistic regression analyses were used to determine the association between BNP and
the AS progression. Results: At a median echocardiographic follow-up of 595 days, the annual median (interquartile) progression of
Vmax was 0.26 (0.09–0.58) m/s/year. Patients with rapid progression had higher age, log BNP, and higher percentage of diabetes and
male gender. Higher tertiles of log BNP and BNP ratio had more rapid increase in Vmax (p = 0.018 and 0.033, respectively). BNP
ratio significantly correlated with Vmax progression in univariate and multivariate linear regression analyses (p < 0.001 and p = 0.001,
respectively). Moreover, both the univariate and multivariate binary logistic regression analyses showed that the log BNP and BNP ratio
were associated with the rapid progression of AS (p < 0.050 for all). Conclusions: Higher BNP was independently associated with the
rapid progression of AS.
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1. Introduction
Aortic stenosis (AS) is one of themost common valvu-

lar heart diseases, and its prevalence is rapidly increasing
[1]. AS is a progressive disease, and the rapid progres-
sion of AS is associated with poor prognosis [2]. Cur-
rently, there is no available pharmacological therapy and
aortic valve replacement (AVR) represents the only ther-
apeutic strategy. AS progresses more rapidly in patients
who require valve replacement in the future [3–5]. Studies
showed the rapid progression of ASwas one of the indepen-
dent predictors for AVR, and those with rapid progression
should undergo early AVR rather than when symptoms oc-
cur [2,6]. An early AVR on asymptomatic severe patients
was associated with a more significant reduction in mortal-
ity [7]. Echocardiogram plays a key role in AS, where the
different echocardiographic parameters were used for AS
diagnosis and prognostic stratification [8]. Many studies
graded rapid progression according to the cutoff value of an
annual increase of aortic jet velocity (Vmax)≥0.3 m/s/year
[2,9]. Clinically, both the American College of Cardiology
(ACC) and European Society of Cardiology (ESC) guide-
lines consider an annual Vmax increase ≥0.3 m/s/year as

one of the indications for AVR (classes of recommenda-
tions: IIa, level of evidence: B–C) [4,10,11]. Identification
of clinical predictors for rapid progression may allow for
the secondary prevention.

Ventricular cardiomyocytes predominantly secrete B-
type natriuretic peptide (BNP) in response to increased wall
stress before the symptoms appear. Previous studies found
that increased BNP level was related to poor prognosis in
AS patients. Patients with higher BNP had more adverse
events and more severe status [12–14]. However, little is
known about the relationship between BNP and the pro-
gression rate of AS. Thus, the objective of our study was
to assess the relationship between the baseline BNP and the
AS progression rate.

2. Methods
2.1 Study population

AS patients were consecutively identified by the elec-
tronic medical system of Beijing Anzhen Hospital, Capi-
tal Medical University (Beijing, China) from January 2016
to June 2021. Transthoracic echocardiogram was used to
diagnose the AS according to the Vmax and mean pres-
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sure gradient (MPG): (1) mild AS (Vmax 2.00–2.99 m/s
and/or MPG 10.0–19.9 mmHg); (2) moderate AS (Vmax
3.00–3.99 m/s and/or MPG 20.0–39.9 mmHg); (3) severe
AS (Vmax≥4.00 m/s and/or MPG≥40.0 mmHg) [15]. Pa-
tients were enrolled in the present study if they had at least
two transthoracic echocardiograms with a maximal interval
≥180 days. Patients were excluded if they had any of the
following conditions: (1) congenital heart diseases other
than bicuspid aortic valve (BAV); (2) history of surgical
or transcatheter aortic valve replacement (TAVR); (3) lack
of clinical or laboratory data; (4) left ventricular ejection
fraction (LVEF) <40%. If the patient underwent multiple
echocardiograms with maximal intervals ≥180 days, the
one with the highest Vmax was chosen as the last echocar-
diogram. Annual Vmax progression was calculated based
on the first and last echocardiograms. Rapid progression of
Vmax was defined as the annual increase ≥0.3 m/s/year.

2.2 Statistical analyses
Continuous and categorical variables were expressed

as mean ± SD, median with interquartile range, or num-
ber with percentage when appropriate. Because BNP was
not normally distributed, log transformation of BNP was
used for continuous variable analysis. BNP ratio was the
measured BNP divided by the maximum normal range for
a specific sex and age. Patients were stratified into three
groups according to the tertiles of log BNP and BNP ra-
tio, respectively. For groupwise comparisons of continuous
variables, t test, Mann-Whitney U test, and Kruskal-Wallis
test were used appropriately. Both the univariate and mul-
tivariate analyses of linear regression and binary logistic
regression were used to evaluate the association between
BNP and Vmax progression. To avoid co-linearity among
AS severity variables, we entered only Vmax in the multi-
variate model. Statistical analyses were conducted by SPSS
26.0 (IBM Corp, Armonk, NY, USA) where p < 0.05 was
considered significant.

3. Results
The baseline clinical, laboratory, and echocardio-

graphic characteristics of the population (n = 200) are pre-
sented in Table 1. The mean age was 66 ± 11 years, 52%
were female, and the baseline Vmax was 3.47 ± 0.73 m/s.
Patients with rapid progression were older, more likely to
be male, had higher log BNP, and a higher percentage of
diabetes. As shown in Table 2, as the log BNP tertiles in-
creased from T1 to T3, patients became older, had a higher
percentage of heart failure, lower LVEF, higher baseline
Vmax, baselineMPG,more rapid progression ofVmax, and
a lower percentage of BAV, dyslipidemia and statins intake.

During the median follow-up of 595 days, the over-
all median (interquartile) progression of Vmax was 0.26
(0.09–0.58) m/s/year and of MPG was 4.68 (1.22–9.36)
mmHg/year. Patients in higher tertiles of log BNP hadmore
rapid Vmax progression (p = 0.018) (Fig. 1). Similarly,

considering the tertiles of the BNP ratio, patients in high
tertiles progressed more rapidly (p = 0.033) (Fig. 1).

In univariate linear regression analysis, log BNP was
positively associated with Vmax progression (β = 0.157, p
= 0.009). However, this correlation was not significant in
multivariate linear regression analysis (p = 0.062) (Table 3).
BNP ratio was positively correlated with Vmax progression
in univariate (β = 0.014, p < 0.001) and multivariate (β
= 0.012, p = 0.001) linear regression analyses (Table 4).
In univariate binary logistic analysis, log BNP was asso-
ciated with rapid progression of Vmax (OR = 1.839; 95%
CI: 1.028–3.292, p = 0.040). After adjusting the covariates,
this association was still significant (OR = 2.424; 95% CI:
1.108–5.307, p = 0.027) (Table 5). We further used BNP
ratio to detect the association between BNP and rapid pro-
gression. We found higher BNP ratio was associated with
rapid progression (OR = 1.112; 95% CI: 1.022–1.209, p =
0.013). Inmultivariate analysis, BNP ratiowas the indepen-
dent predictor for rapid progression (OR = 1.134; 95% CI:
1.020–1.261, p = 0.020) (Table 6). Further subgroup analy-
sis was performed according to BAV. BNP ratio was signif-
icantly associated with rapid progression of AS in BAV pa-
tients (OR = 1.329, 95%CI: 1.021–1.731, p = 0.034). How-
ever, after excluding BAV, this association was not signifi-
cant (OR = 1.074, 95% CI: 0.989–1.166, p = 0.092). There
was no significant interaction between the presence and ab-
sence of BAV (p for interaction = 0.130).

4. Discussion
The present study showed the quantitative association

between BNP at first echocardiogram and AS progression,
emphasizing the significance of BNP in predicting AS pro-
gression. Higher BNP was the independent predictor for
the rapid progression of AS.

BNP is a hormone released from the myocardium un-
der increased wall stress in the setting of volume expan-
sion and pressure overload. BNP is a globally acceptable
biomarker for heart failure and is elevated in patients with
AS. Using BNP could be viewed as a surrogate marker of
disease progression as it correlates with functional status,
symptom onset, and disease severity in AS patients. BNP
was associated with left ventricular (LV) diastolic function
[16], LV end-systolic wall stress [17], and LV hypertrophy
[18], suggesting that the higher BNP could cause symp-
toms and poor prognosis. AS was associated with cardiac
remodeling in response to pressure overload, which was
reflected by different geometric ventricular patterns. AS
patients were more likely to have concentric hypertrophy.
Symptomatic AS patients had significantly more percent-
age of mixed hypertrophy than asymptomatic patients, un-
derlying the potential association between cardiac remod-
eling and prognosis [19]. A cross-sectional study showed
symptomatic patients had significantly higher BNP [14].
Asymptomatic patients who developed symptoms during
follow-up had higher BNP levels compared with those who
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Table 1. Baseline characteristics of the study population according to Vmax progression.
Variables All patients Slow progression Rapid progression p value

Age (years) 66 ± 11 64 ± 12 68 ± 10 0.005
Female, n (%) 104 (52.0) 47 (65.3) 57 (44.5) 0.005
Smoking, n (%) 46 (23.0) 15 (20.8) 31 (24.2) 0.585
Hypertension, n (%) 146 (73.0) 52 (72.2) 94 (73.4) 0.853
Diabetes, n (%) 53 (26.5) 11 (15.3) 42 (32.8) 0.007
Dyslipidemia, n (%) 105 (52.5) 32 (44.4) 73 (57.0) 0.087
CAD, n (%) 84 (42.0) 24 (33.3) 60 (46.9) 0.063
CKD, n (%) 19 (9.5) 8 (11.1) 11 (8.6) 0.560
Heart failure, n (%) 24 (12.0) 10 (13.9) 14 (10.9) 0.538
Statins, n (%) 87 (43.5) 23 (31.9) 64 (50.0) 0.013
ACEI/ARBs, n (%) 68 (34.0) 22 (30.6) 46 (35.9) 0.441
Baseline LVEF (%) 65 (60–68) 65 (60–68) 63 (58–68) 0.338
BNP (pg/mL) 195 (73–393) 197 (63–323) 213 (87–481) 0.073
Log BNP 2.23 ± 0.48 2.18 ± 0.47 2.34 ± 0.53 0.039
BNP ratio 2.04 (0.97–4.63) 2.1 (0.8–3.8) 2.4 (1.1–6.7) 0.052
Creatinine (µmol/L) 72.7 (60.4–89.2) 72.9 (57.5–93.1) 72.2 (61.7–85.1) 0.784
Baseline Vmax (m/s) 3.47 ± 0.73 3.50 ± 0.78 3.45 ± 0.70 0.617
Baseline MPG (mmHg) 30 ± 1 29 ± 13 29 ± 13 0.987
Vmax progression (m/s/year) 0.26 (0.09–0.58) 0.04 (0.01–0.11) 0.46 (0.26–0.72) <0.001
BAV, n (%) 54 (27.0) 22 (30.6) 32 (25.0) 0.396
CAD, coronary artery disease; CKD, chronic kidney disease; ACEI/ARBs, angiotensin converting enzyme
inhibitor/angiotensin receptor blockers; LVEF, left ventricular ejection fraction; BNP, B-type natriuretic pep-
tide; Vmax, aortic jet velocity; MPG, mean pressure gradient; BAV, bicuspid aortic valve.

Table 2. Baseline characteristics of the study population according to log BNP tertiles.

Variables T1 T2 T3 p value

Age (years) 63 ± 10 67 ± 10 69 ± 12 0.005
Female, n (%) 32 (48.5) 42 (62.7) 30 (45.5) 0.104
Smoking, n (%) 11 (16.7) 15 (22.4) 19 (28.8) 0.250
Hypertension, n (%) 47 (71.2) 53 (79.1) 45 (68.2) 0.343
Diabetes, n (%) 19 (28.8) 17 (25.4) 16 (24.2) 0.826
Dyslipidemia, n (%) 42 (63.6) 36 (53.7) 26 (39.4) 0.020
CAD, n (%) 32 (48.5) 26 (38.8) 25 (37.9) 0.391
CKD, n (%) 4 (6.1) 6 (9.0) 9 (13.6) 0.327
Heart failure, n (%) 1 (1.5) 11 (16.4) 11 (16.7) 0.008
Statins, n (%) 38 (57.6) 30 (44.8) 19 (28.8) 0.004
ACEI/ARBs, n (%) 28 (42.4) 22 (32.8) 18 (27.3) 0.178
Baseline LVEF (%) 65 (62–68) 64 (57–68) 62 (58–65) 0.006
BNP ratio 0.63 (0.46–0.99) 2.32 (1.71–3.20) 7.65 (5.39–12.16) <0.001
Creatinine (µmol/L) 69.9 (58.1–79.4) 66.7 (58.5–79.9) 82.1 (68.2–105.9) <0.001
Baseline Vmax (m/s) 3.28 ± 0.66 3.44 ± 0.69 3.68 ± 0.78 0.006
Baseline MPG (mmHg) 25 ± 11 28 ± 12 33 ± 15 0.001
Vmax progression (m/s/year) 0.19 (0.03–0.45) 0.31 (0.10–0.61) 0.34 (0.12–0.66) 0.019
BAV, n (%) 29 (43.9) 13 (19.4) 12 (18.2) 0.001

Abbreviations as in Table 1.
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Fig. 1. Comparison of annual Vmax progression across different tertiles BNP. (A) Log BNP. (B) BNP ratio. Vmax progression is
expressed as median ± interquartile range.

Table 3. Univariate and multivariate linear regression analyses between log BNP and Vmax progression.

Variable
Univariate Multivariate

β Standard β p value β Standard β p value

Log BNP 0.157 0.184 0.009 0.134 0.157 0.062
Age 0.005 0.121 0.089 0.002 0.053 0.691
Female –0.218 –0.248 <0.001 –0.222 –0.252 0.003
Smoking 0.098 0.094 0.187 –0.057 –0.054 0.497
Hypertension –0.062 –0.063 0.377 –0.096 –0.097 0.200
Diabetes 0.076 0.077 0.282 0.064 0.064 0.382
Dyslipidemia –0.012 –0.014 0.847 –0.027 –0.030 0.712
CAD 0.057 0.064 0.372 –0.003 –0.003 0.966
Heart failure –0.062 –0.046 0.521 –0.110 –0.081 0.279
Creatinine 0.001 0.086 0.226 0.001 0.057 0.438
BAV –0.064 –0.064 0.365 –0.023 –0.023 0.755
LVEF –0.013 –0.198 0.005 –0.009 –0.130 0.080
Baseline Vmax –0.005 –0.008 0.905 –0.047 –0.078 0.304
BNP, B-type natriuretic peptide; CAD, coronary artery disease; BAV, bicuspid aortic
valve; LVEF, left ventricular ejection fraction; Vmax, aortic jet velocity.

remained asymptomatic [20]. Higher annualized BNP pro-
gression could be a sign of the progressive exhaustion of LV
adaption to the increased afterload, which precedes the oc-
currence of symptoms [21]. Previous study has shown that
BNP level is positively correlated with Vmax and MPG,
and negatively correlated with aortic valve area [14]. The
progression of AS could affect the cardiac remodeling (e.g.,
hypertrophy), which could secondarily enhance the secre-
tion of BNP. Therefore, higher BNP may be an indication
of AS progression.

BNP could predict the prognosis of AS patients [20].
A higher BNP was associated with an increased risk of ad-
verse outcomes in asymptomatic severe AS patients with
normal LVEF who were not referred for AVR [13]. More-
over, a higher annualized BNP increase in asymptomatic
patients without AVR was related to a higher rate of ad-
verse cardiac events [21]. The relationship between pre-
procedural high BNP levels and worse outcomes after AVR
has been demonstrated in several studies [12,20]. Higher
BNP before TAVR was associated with an increased risk
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Table 4. Univariate and multivariate linear regression analyses between BNP ratio and Vmax progression.

Variable
Univariate Multivariate

β Standard β p value β Standard β p value

BNP ratio 0.014 0.286 <0.001 0.012 0.239 0.001
Age 0.005 0.121 0.089 0.004 0.111 0.139
Female –0.218 –0.248 <0.001 –0.175 –0.198 0.018
Smoking 0.098 0.094 0.187 –0.036 –0.034 0.658
Hypertension –0.062 –0.063 0.377 –0.104 –0.105 0.156
Diabetes 0.076 0.077 0.282 0.056 0.056 0.436
Dyslipidemia –0.012 –0.014 0.847 –0.016 –0.018 0.819
CAD 0.057 0.064 0.372 –0.010 –0.011 0.890
Heart failure –0.062 –0.046 0.521 –0.123 –0.091 0.215
Creatinine 0.001 0.086 0.226 0.001 0.045 0.538
BAV –0.064 –0.064 0.365 –0.022 –0.023 0.751
LVEF –0.013 –0.198 0.005 –0.008 –0.119 0.099
Baseline Vmax –0.005 –0.008 0.905 –0.043 –0.070 0.328
Abbreviations as in Table 3.

Table 5. Univariate and multivariate logistic regression analyses between log BNP and Vmax progression.

Variables
Univariate Multivariate

OR 95% CI p value OR 95% CI p value

Log BNP 1.839 1.028–3.292 0.040 2.424 1.108–5.307 0.027
Age 1.039 1.011–1.068 0.007 1.033 0.999–1.067 0.055
Female 0.427 0.235–0.776 0.005 0.352 0.157–0.792 0.012
Smoking 1.214 0.604–2.440 0.585 0.581 0.234–1.442 0.242
Hypertension 1.063 0.556–2.033 0.853 0.624 0.286–1.359 0.235
Diabetes 2.708 1.292–5.679 0.008 2.312 1.020–5.239 0.045
Dyslipidemia 1.659 0.927–2.969 0.088 1.614 0.763–3.417 0.211
CAD 1.765 0.968–3.217 0.064 0.990 0.467–2.096 0.978
Heart failure 0.761 0.319–1.815 0.538 0.619 0.219–1.750 0.365
Creatinine 1.001 0.996–1.006 0.711 0.999 0.995–1.004 0.796
BAV 0.758 0.399–1.439 0.396 0.967 0.456–2.050 0.931
LVEF 0.972 0.929–1.017 0.223 1.009 0.958–1.062 0.742
Baseline Vmax 0.900 0.605–1.339 0.603 0.742 0.461–1.194 0.219
Abbreviations as in Table 3.

for adverse events [12,22]. Preoperative BNP could predict
death after surgical aortic valve replacement, which is even
more accurate than logistic EuroSCORE [20]. An elevated
BNP level on arrival in intensive care unit is an independent
predictor of postoperative heart failure after AVR [23]. Sato
showed TAVR could gradually decrease the BNP in AS pa-
tients during follow-up, coinciding with cardiac structure
and function recovery. A subsequent increase of BNP af-
ter TAVR was associated with higher mortality [24]. Aortic
balloon valvuloplasty in severe AS patients could decrease
the BNP level [25]. Additionally, BNP 24h post-procedure
could predict the 1-year mortality after TAVR [26].

Besides the rapid progression of Vmax, higher BNP is
one of the indications for AVR. Patients with higher BNP
were more likely to undergo intervention during follow-up

[20]. According to the ESC guideline for valvular disease,
marked BNP elevation in asymptomatic severe AS patients
with normal LVEFwas an indication for AVR [11]. In ACC
guideline, AVR is reasonable when BNP >3 times normal
in asymptomatic severe AS patients [10]. Our investiga-
tion supported the importance of BNP and rapid Vmax pro-
gression in AVR indications since both were linked with the
poor outcome.

BNP level is higher in older people and women than in
younger people and men [27]. In fact, using age- and sex-
specific BNP levels can improve the diagnostic accuracy
[28]. BNP ratio, the ratio of measured BNP to BNP refer-
ence values for a specific age and sex, can reflect the state
of BNP activation and cardiac function. A higher BNP ra-
tio was shown to be associated with higher mortality in AS
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Table 6. Univariate and multivariate logistic regression analyses between BNP ratio and Vmax progression.

Variables
Univariate Multivariate

OR 95% CI p value OR 95% CI p value

BNP ratio 1.112 1.022–1.209 0.013 1.134 1.020–1.261 0.020
Age 1.039 1.011–1.068 0.007 1.042 1.007–1.077 0.016
Female 0.427 0.235–0.776 0.005 0.459 0.205–1.028 0.059
Smoking 1.214 0.604–2.440 0.585 0.613 0.246–1.529 0.294
Hypertension 1.063 0.556–2.033 0.853 0.635 0.289–1.399 0.260
Diabetes 2.708 1.292–5.679 0.008 2.200 0.961–5.036 0.062
Dyslipidemia 1.659 0.927–2.969 0.088 1.617 0.763–3.429 0.210
CAD 1.765 0.968–3.217 0.064 0.996 0.466–2.126 0.991
Heart failure 0.761 0.319–1.815 0.538 0.581 0.199–1.690 0.319
Creatinine 1.001 0.996–1.006 0.711 0.999 0.994–1.004 0.747
BAV 0.758 0.399–1.439 0.396 0.932 0.445–1.951 0.852
LVEF 0.972 0.929–1.017 0.223 1.008 0.958–1.062 0.750
Baseline Vmax 0.900 0.605–1.339 0.603 0.761 0.476–1.218 0.255
Abbreviations as in Table 3.

[29]. Consistent with the log BNP, we showed BNP ratio
was also associated with rapid progression of AS, strength-
ening its role in AS prediction.

5. Limitation
The data set was confined to the Chinese population,

implying that ethnic distinctions cannot be eliminated. Sec-
ond, we used baseline BNP levels and could not assess
the effect of temporal variations on the link with AS pro-
gression. Third, the aortic valve area was not included in
this study since it was not frequently assessed in our cen-
ter. Fourth, chronic kidney disease (CKD) could affect the
level of BNP [30], but in this study we adjusted creatinine
(as indicator of CKD) in the multivariate analyses. Fifth,
because of retrospective nature of our study which mainly
included outpatients, we failed to obtain all patients’ weight
and height, and therefore body mass index could not be cal-
culated. Sixth, we did not use cardiac remodeling parame-
ters to further detect the association between BNP and AS.

6. Conclusions
In this study, we showed a significant and indepen-

dent association between BNP and the rapid advancement
of AS. Patients with higher BNP were more likely to have a
rapid progression, whichmay have a prognostic role in clin-
ical decision. Additional prospective studies are required to
corroborate our findings.
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