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Abstract

Background: Measurement of N-terminal pro-brain natriuretic pep-
tide (NT-proBNP) level is an important parameter in the risk assess-
ment of patients with pulmonary arterial hypertension (PAH). Data
about the prognostic value of NT-proBNP in the Hispanic PAH popu-
lation are lacking. Historically, clinical trials in PAH have only includ-
ed a minority of Hispanic patients. It has been reported that baseline
NT-proBNP levels differ between different ethnicities. Furthermore,
NT-proBNP levels can be impacted by declining renal function, mak-
ing its interpretation difficult regarding clinical decision making.

Methods: In a retrospective single-center cohort analysis, Hispanic
patients with PAH had a baseline outpatient NT-proBNP level drawn
during a period of clinical stability and were followed for 1 year to
monitor for time to clinical worsening (TTCW). The association of
baseline NT-proBNP and TTCW was assessed in patients with normal
and abnormal renal function.

Results: A total of 26 patients (22%) met the clinical endpoint of
clinical worsening. Twenty-seven patients (24%) had chronic kidney
disease (CKD). At baseline NT-proBNP levels showed a significant
inverse correlation with 6-min walk test (6MWD, r = -0.382, P =
0.02), and a significant positive correlation with renal function (r =
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0.273, P = 0.05). NT-proBNP levels did not correlate with age (r =
0.19, P = 0.11) or body mass index (BMI) (r = -0.292, P = 0.061).
NT-proBNP levels of > 1,415 ng/L were significantly associated with
shorter TTCW (P < 0.01) in all patients and in patients with CKD (P =
0.03). A stepwise increase in NT-proBNP levels by 100 ng/L was as-
sociated with a higher risk of meeting the clinical endpoint of TTCW
in patients with normal renal function (hazard ratio (HR) = 1.8, P <
0.01) and CKD (HR = 1.5, P < 0.01).

Conclusions: In Hispanic patients with PAH, NT-proBNP is a valu-
able tool to predict 1-year TTCW, independent of renal function.

Keywords: Pulmonary arterial hypertension; N-terminal pro-brain
natriuretic peptide; Hispanics

Introduction

Pulmonary arterial hypertension (PAH) is a progressive dis-
case of the distal pulmonary arteries that leads to progressive
pressure overload of the right heart and eventually right heart
failure if left untreated [1]. Volume or pressure overload of the
right ventricle is associated with the natriuretic peptide sys-
tem activation. The pro-brain natriuretic peptide (proBNP) is
secreted by cardiomyocytes and cleaved into an inactive N-
terminal proBNP (NT-proBNP) fragment and active hormone
BNP [2]. Given the prolonged half-life of NT-proBNP and
a more accurate assay system, it is preferably used in clini-
cal practice. In PAH, BNP, and NT-proBNP levels correlate
with right-sided hemodynamics, time to clinical worsening
(TTCW), and overall survival in PAH [3]. Reduction in NT-
proBNP levels after the initiation of PAH-targeted therapy is
associated with favorable outcomes [4]. However, NT-proBNP
levels can be influenced by non-cardiac factors, such as renal
function, inflammation, body weight, age, gender, diurnal cy-
cle and ethnicity [5-7]. Therefore, it is difficult to determine
a single disease-specific cutoff value for prognostication in
PAH. In the current guidelines, NT-proBNP levels < 300 ng/L
are desired in patients with PAH, a value that is mainly based
on expert opinion [8]. However, these thresholds have proven
excellent prognostic value [3].

There is cumulating evidence that health disparities have
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direct impact on clinical outcomes of minorities in the USA.
This also applies to Hispanic patients with PAH [9, 10]. Unfor-
tunately, patient registries lack sufficient representation of eth-
nic minorities. It has been shown that Hispanic patients with
PAH seem to have more severe PAH at the time of presenta-
tion, compared to other ethnicities [11-13]. Despite differences
in disease severity, previous studies have also reported racial
differences in baseline NT-proBNP levels. In the Diabetes Pre-
vention Program, Hispanic patients had significantly lower
NT-proBNP baseline levels compared to White or American-
Indian study subjects [14]. Whereas the Dallas Heart study
found lower baseline NT-proBNP levels in African-Ameri-
cans, but no difference between White and Hispanic subjects
[7]. Certainly, a significant research gap exists in the clinical
characteristics in racial subgroups within the PAH population.

The prognostic value of NT-proBNP in Hispanic patients
with PAH has not been established, making it difficult for phy-
sicians to risk-assess Hispanic PAH patients. This study exam-
ines the clinical usefulness of NT-proBNP as a biomarker to
predict clinical worsening in a Hispanic PAH cohort with and
without chronic kidney disease (CKD).

Patients and Methods

Patients

This single-center cohort consisted of 115 Hispanic patients
with group-1 World Health Organization (WHO) PAH fol-
lowed at the Pulmonary Hypertension Clinic at the Texas Tech
Health Science Center in El Paso, TX between March 2017 and
October 2021. Other WHO- pulmonary hypertension groups
and non-Hispanic patients were excluded from this study.
Each patient’s chart was studied retrospectively by two
investigators, the diagnosis and outcomes were validated by
the treating PAH physician. Comorbidities, renal function,
functional capacity, and demographics were collected from the
time of the initial outpatient clinic visit used for this study dur-
ing a phase of clinical stability. Patients were followed for 1
year after the initial visit and TTCW was recorded. Race and
ethnicity were self-disclosed by the patients. In all patients, the
diagnosis of PAH was based on hemodynamic definitions and
clinical classification according to the Sixth World Symposi-
um on Pulmonary Hypertension in 2018 [15]. Hemodynamics
were measured by right heart catheterization and non-WHO-
group 1 Hispanic patients forms were excluded by various lab-
oratory studies, echocardiography, pulmonary function testing,
chest X-ray, ventilation-perfusion scanning, and chest comput-
ed tomography angiography, and/or pulmonary angiography,
if necessary. Right heart hemodynamics and 6-min walk test
(6MWD) were obtained within 3 - 6 months of the baseline
NT-proBNP level. CKD was defined as estimated glomerular
filtration rate (¢GFR) < 60 mL/min/1.73 m? for 3 months or
more. Glomerular filtration rate (GFR) was estimated with the
Modification of Diet in Renal Disease (MDRD) study equation
[16]. Only patients with stable renal function (stable GFR for
at least 3 months) were included, patients with end-stage renal
disease or worsening renal function were excluded. The study
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was approved by the Texas Tech University Institutional Re-
view Board in accordance with the national legislation and the
institutional requirements (IRB #E22054 and IRB #E21091).

Follow-up and outcome parameters

TTCW was defined as the time of the first event of clinical
worsening after NT-proBNP levels were obtained in the out-
patient setting. Clinically relevant events were retrospectively
identified from patient charts and were defined as: 1) decrease
of more than 15% in 6MWD; 2) escalation of PAH-targeted
therapy due to signs and symptoms of progressive right heart
failure; 3) hospitalization for right heart failure; 4) referral for
lung transplant; 5) death related to right heart failure. Follow-
up was concluded on October 1, 2021.

Statistical analyses

Data are presented as absolute numbers, percentages, mean
(standard deviation), or median (interquartile range). Differ-
ences of means between baseline variables were assessed by
Student’s #-test for parametric, Mann-Whitney U test for non-
parametric data, and Chi-square test was used to compare or-
dinal data. Receiver operating characteristic (ROC) analyses
were used to define the cutoff value of NT-proBNP to predict
clinical worsening (highest sum of sensitivity and specificity).
Kaplan-Meier plots were used to illustrate the timing of events
(TTCW) during follow-up in relation to NT-proBNP levels
after 1 year; and statistical assessment was performed by the
log-rank test. The effect of increments of NT-proBNP levels by
100 ng/L was assessed using univariate Cox regression analy-
sis. For all analyses, P values less than 0.05 were considered
statistically significant. All calculations were performed using
SPSS 27 software.

Results
Patients’ characteristics and outcomes

A total of 115 Hispanic patients (70%) were identified out of
164 prevalent group-1 WHO PAH patients. In this cohort, 109
patients (67%) were females (Table 1), and 21 patients (18%)
received triple combination PAH-targeted therapies (Table 2).
Out of the 115 patients enrolled in this analysis, 26 patients
(23%) met the primary endpoint of clinical worsening over
1-year period; 27 patients (24%) were diagnosed with CKD,
based on the definition mentioned in the methodology section
(Table 3). Patients with clinical worsening had lower WHO
functional class, lower 6 MWD, higher mean right atrial pres-
sure, and higher NT-proBNP levels at baseline (Table 1). In
patients with CKD, mean serum creatinine (SCr) was 1.3 mg/
dL, compared to 0.7 mg/dL in patients without a CKD diagno-
sis. Patients with CKD had lower WHO functional class and
higher NT-proBNP levels at baseline (Table 3, Fig. 1). Strati-
fication by REVEAL Lite 2.0 showed that 41 patients (36%)
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Table 1. Baseline Characteristics in Patients With and Without Clinical Worsening

All patients (n = 115) No clinical worsening (n = 89) Clinical worsening (n = 26) P value

Age (years) 52 (46 - 68) 50 (44 - 69) 61 (48 - 69) 0.14
Female (%) 67 72 58 0.53
BMI (kg/m?)

WHO-FC (I-1V) 2.5+0.8 2.0+0.5 2.9+0.6 <0.05
mRAP (mm Hg) 9(6-14) 8(6-13) 11.5(8-18) <0.05
mPAP (mm Hg) 40 (29 - 51) 37 (27 - 50) 43 (35-51) 0.13
PCWP (mm Hg) 11(7-14) 11(6-12) 11.509-14) 0.66
CO (L/min) 54(4.2-6.7) 5.4 (3.8-5.3) 50(3.2-5.2) 0.78
6MWD (m) 389 (282 - 450) 396 (297 - 453) 288 (187 - 364) <0.05
NT-proBNP (ng/L) 486 (135 - 2,540) 242 (118 - 1,210) 3,585 (1,840 - 6,893) <0.05
SCr (mg/dL) 1.04 (0.6 - 1.2) 0.8(0.6-1.1) 1.1 (0.6 - 1.4) 0.81

BMI: body mass index; WHO-FC: World Health Organization-Functional Classification; mRAP: mean right atrial pressure; mPAP: mean pulmonary
arterial pressure; PCWP: pulmonary capillary wedge pressure; CO: cardiac output; 6MWD: 6-min walk distance; NT-proBNP: N-terminal pro-brain

natriuretic peptide; SCr: serum creatinine.

were in the low, 33 (29%) in the intermediate, and 41 (36%) in
the high-risk categories. REVEAL Lite 2.0 was significantly
associated with TTCW after 1 year (unadjusted hazard ratio
(HR): 1.6, 95% confidence interval (CI): 1.3 - 1.9, P < 0.05).
An elevated SCr at baseline was also associated with 1-year
TTCW (unadjusted HR:1.8, 95% CI: 1.1 - 3.0, P < 0.05).

Prediction of clinical worsening by NT-proBNP levels

During 1-year follow-up after the baseline NT-proBNP level
was obtained, clinical worsening occurred in 26 out of 115 pa-
tients (23%) at a mean time of 243 days. Causes for clinical
worsening were admission for worsening PAH (n = 12, 45%)),
decrease of more than 15% in 6 MWD (n =5, 21%), escalation
of PAH-targeted therapy (n =7, 25%), and death (n =2, 9%).
ROC analysis revealed that NT-proBNP was a strong pre-
dictor of clinical worsening (area under the ROC curve (AUC):
0.89, 95% CI: 0.8 - 0.9). The European Society of Cardiology
guidelines recommended NT-proBNP level above 300 ng/L
predicted TTCW over 1 year with a specificity of 100% and
sensitivity of 51% (Fig. 2). The best NT-proBNP cutoff level

Table 2. Pulmonary Arterial Hypertension Targeted Therapies
at Baseline Visit

No CKD (n=88) CKD (n=27)

PDES5-i 88 (100%) 27 (100%)
ERAs 65 (74%) 21 (77%)
Prostacyclin 17(19%) 4 (14%)
Mono-therapy 23 (26%) 6 (23%)
Double combination therapy 48 (55%) 17 (63%)
Triple combination therapy 17 (19%) 4 (14%)

CKD: chronic kidney disease; PDE5-i: phosphodiesterase type 5 inhibi-
tors; ERAs: endothelin receptor antagonists.
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for predicted TTCW over 1 year was 1,415 ng/L with a sen-
sitivity of 64% and specificity of 85% (Fig. 3). An unadjusted
Cox proportional hazard analysis confirmed a significant asso-
ciation of NT-proBNP and TTCW after 1 year (HR: 1.7, 95%
CI: 1.4 - 2.3, P<0.05). NT-proBNP levels were independently
associated with TTCW when adjusted for age, gender, and re-
nal function (HR: 1.6, 95% CI: 1.3 - 2.1, P <0.05).

Prediction of clinical worsening by NT-proBNP levels in
the setting of CKD

Out of 115 patients, 27 (23%) patients had baseline CKD as
defined above. Out of those 27 patients, 11 (41%) had a clini-
cal worsening event over the 1-year period. Clinical worsen-
ing occurred at a mean time of 205 days (£ 160 days). NT-
proBNP levels were higher in patients with CKD, compared to
patients with normal renal function (P < 0.05) (Fig. 1). ROC
analysis showed that NT-proBNP had a high sensitivity and
specificity in predicting 1-year TTCW (AUC: 0.89) (Fig. 4).
A ROC-derived NT-proBNP cutoff of 1,415 ng/L significantly
predicted TTCW after 1 year (HR log-rank P = 0.05) (Fig. 5).
Cox regression analysis showed that increasing NT-proBNP
levels were significantly associated with TTCW in patients
with CKD (HR: 1.5, 95% CI: 1.1 - 2.1, P < 0.05).

Discussion

To the best of the author’s knowledge, this is the first analysis
of the predictive value of NT-proBNP levels in a Hispanic-
only PAH cohort. Our data confirm that NT-proBNP is a pow-
erful marker of risk stratification, and its value also applies
in Hispanic patients with PAH independent of renal function.
In this cohort, elevated NT-proBNP predicted 1-year TTCW
with a sensitivity of 64% and specificity of 85%. The predic-
tive value of TTCW of NT-proBNP remained significant in
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Table 3. Baseline Characteristics in Patients With and Without CKD

Variables All patients (n = 115) No CKD (n = 88) CKD (n=27) P value
Age (years) 52 (46 - 68) 53 (44 - 69) 56 (48 - 61) 0.28
Female (%) 67 76 51 0.31
BMI (kg/m?)

WHO-FC (I-1V) 2.5+0.8 2.0+0.6 3.0+0.7 <0.05
mRAP (mm Hg) 9(6-14) 8(5-14) 10 (8 - 16) 0.60
mPAP (mm Hg) 40 (29 - 51) 38 (29 - 50) 39 (32-52) 0.88
PCWP (mm Hg) 11(7-14) 10(4-7) 13 (10-14) 0.62
CO (L/min) 54 (4.2-6.7) 534-17) 4.6 (3.9-5.8) 0.74
6MWD (m) 389 (282 - 450) 389 (306 - 503) 326 (300 - 399) 0.21
NT-proBNP (ng/L) 486 (135 - 2,540) 381 (122 - 1,940) 1,188 (235 - 3,240) <0.05
SCr (mg/dL) 1.04 (0.6 - 1.2) 0.7 (0.6 - 0.8) 1.3(1.1-2.1) <0.05

CKOD: chronic kidney disease; BMI: body mass index; WHO-FC: World Health Organization-Functional Classification; mRAP: mean right atrial pres-
sure; mPAP: mean pulmonary arterial pressure; PCWP: pulmonary capillary wedge pressure; CO: cardiac output; 6MWD: 6-min walk distance; NT-

proBNP: N-terminal pro-brain natriuretic peptide; SCr: serum creatinine.

patients with CKD.

NT-proBNP levels are influenced by various parameters
such as age, gender, body mass index (BMI), renal function,
and ethnicity. It has been reported that Hispanic individuals
may have a relative lower baseline NT-proBNP level when
compared to Caucasians. Most national and international
PAH-registries lack robust data on Hispanic individuals. The
REVEAL registry for instance only enrolled 9% of Hispanic
PAH patients [17]. Most clinical trials and registries did not
include “Hispanic” as a separate ethnicity [18]. The clinical
phenotype, risk profile, and the response to PAH-targeted ther-
apy in Hispanic patients are largely unknown. However, there
is evidence that Hispanic patients present with PAH-features
associated with worse survival when compared to Caucasians
[11, 12]. These findings could not be reproduced in a more re-
cent analysis of the REVEAL cohort, where Hispanic patients
had similar survival when compared to other ethnic groups
[13]. Traditional predictors of poor outcome in PAH have not

250007 koK ok =3 No CKD

20000 . B3 CKD
15000 .

10000

NT-proBNP [ng/l]

5000

0

No CKD CKD

Figure 1. NT-proBNP levels in patients with and without CKD. NT-proB-
NP: N-terminal pro-brain natriuretic peptide; CKD: chronic kidney dis-
ease.
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been vigorously studied in this patient population and clini-
cians have difficulties to extrapolate established risk predic-
tors to this patient population. Here, we show that NT-proBNP
levels carry a strong predictive value for 1-year TTCW in a
solely Hispanic PAH population. Our study confirms that NT-
proBNP is a useful biomarker in predicting 1-year TTCW in
Hispanic patients. The cutoff values for NT-proBNP for op-
timal prognostication in PAH are unknown and likely depend
on the study population and the underlying PAH etiology. PAH
guidelines suggest that NT-proBNP levels below 300 ng/L are
associated with low risk for clinical worsening [19]. In our
cohort, patients with NT-proBNP of 300 ng/L or below had
an excellent 1-year prognosis. On the contrary, an NT-proBNP
level above 1,400 ng/L was suggested to identify patients with
high risk for clinical worsening [19]. The ROC-derived cut-off
in our cohort is very close to this value. Taken together, our
data suggest that established NT-proBNP values can be used
to risk-stratify Hispanic PAH patients. This is in line with a
recent multi-ethnic analysis that did not find significant dif-
ferences in baseline NT-proBNP levels between Hispanic and
non-Hispanic PAH patients [13].

In our cohort, 24% of the study population had CKD.
That is in line with other studies, reporting a CKD prevalence
between 4% and 46%, depending on definition of CKD and
the PAH patient population studied [20]. CKD is an impor-
tant comorbidity in PAH and is associated with poor survival.
Furthermore, impaired renal function could impair the inter-
pretation of NT-proBNP levels, since this peptide is at least
partially cleared by the kidneys [2, 21]. However, several re-
ports have established the predictive value of NT-proBNP in
patients with impaired renal function [22]. One report studied
the prognostic value of NT-proBNP in a pre-specified PAH
population with CKD [23]. The authors found that NT-proB-
NP remained a strong predictor of outcome in patients with
CKD, independent of the severity of renal impairment. The
ROC-derived cut-off of 1,415 ng/L performed well in our His-
panic PAH CKD cohort and was significantly associated with
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Figure 2. Kaplan Meier Plot in all patients with NT-proBNP levels below or above 300 ng/L. TTCW: time to clinical worsening;
NT-proBNP: N-terminal pro-brain natriuretic peptide.

TTCW, making it a useful biomarker in this patient popula- size, retrospective design, single-cohort setting, varying obser-
tion. vational periods and different medical management strategies
limit the interpretation of our study results. Lack of follow-up
data do not allow to establish if NT-proBNP values correlate

Limitations with a favorable response to PAH-targeted therapy. Further-
more, the study is limited by the lack of hemodynamic data in
There are several limitations to this study. The small sample relation to NT-proBNP levels. Thus, it does not allow any con-
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Figure 3. Kaplan Meier Plot in all patients with NT-proBNP levels below or above 1,415 ng/L. TTCW: time to clinical worsening;
NT-proBNP: N-terminal pro-brain natriuretic peptide.
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Figure 4. Receiver operating characteristic curve analysis of baseline NT-proBNP levels to predict 1-year time to clinical wors-
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NT-proBNP: N-terminal pro-brain natriuretic peptide.
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clusions to whether NT-proBNP levels correlate with estab-
lished markers of PAH in Hispanic patients. The single-center
cohort in a US-Mexio border city do not allow generalizability
to the global Hispanic community. Patients with end-stage re-
nal disease or with worsening renal function were excluded
from this study, making the interpretation of NT-proBNP in
these patients difficult.

Conclusions

NT-proBNP is a valid biomarker to predict TTCW in Hispanic
patients with PAH. NT-proBNP correlated with renal function
in this population but remains a valid biomarker for clinical
worsening even in patients with stable CKD. Despite this,
more research is needed to allow improved risk stratification
in Hispanic patients with PAH.
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