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Abstract

Background: Pulmonary arterial hypertension (PAH) is a deadly car-
diopulmonary disease with multi-organ involvement including im-
paired liver function. Liver dysfunction in PAH is poorly understood 
but significantly associated with morbidity and mortality. Hispanics 
have a significantly higher prevalence of non-alcoholic fatty liver dis-
ease (NAFLD) and evidence of more advanced disease in comparison 
to other ethnic groups. The clinical impact of NAFLD in Hispanic 
PAH patients is unknown. We aimed to investigate the impact of a 
validated scoring system, non-alcoholic fatty liver disease fibrosis 
score (NFS), to predict the degree of liver fibrosis in a Hispanic PAH 
population and its relationship to hemodynamics, functional class, 
and outcomes.

Methods: A retrospective review of all treatment-naive Hispanic 
patients with group I World Health Organization (WHO) pulmonary 
hypertension (PH) at a single academic center between February 2016 
and March 2021 was performed. Patients with history of substance 
or alcohol abuse, non-group I WHO PH, pre-existent liver disease, 
chronic kidney disease, atrial fibrillation, thyroid disease, and warfa-
rin use were excluded from the study. The diagnosis of group I WHO 
PH was determined by cardiac catheterization after the exclusion of 
other etiologies. NFS was calculated for each patient and correlat-
ed with functional capacity, hemodynamics, N-terminal-pro-B-type 
natriuretic peptide (NT-proBNP), and survival.

Results: A total of 96 Hispanic patients were included in our study. 
The median age of patients in our cohort was 49 years (interquartile 
range: 15) and 69% of our cohort were females. Higher NFSs indicat-
ing advanced hepatic fibrosis (F3-F4) were found to correlate with el-
evated right-sided cardiac filling pressures (r = 0.27, P = 0.03), elevated 
levels of NT-proBNP (r = 0.32, P = 0.01), lower 6-minute walk dis-
tance (6MWD) (r = -0.49, P = 0.001), lower functional capacity (World 
Health Organization functional class, WHO-FC, r = -0.35, P = 0.051), 
a higher prevalence of diabetes (21.1% versus 51.9%, P = 0.001), a 
higher prevalence of risk factors for metabolic syndrome (81.5% versus 
65.0%, P = 0.035), and worse 5-year survival rates.

Conclusion: In Hispanic patients with PAH, NFSs correlate with the 
degree of right-sided pressure overload. In addition, advanced NFSs 
were independently associated with lower 5-year survival rates and 
added prognostic information to other established risk parameters in 
PAH. This study suggests that screening for liver disease in this vulner-
able patient population can aid in earlier detection leading to discus-
sion of lifestyle modifications and possible escalation of PAH-targeted 
therapies, thus leading to potential improvement in survival rates.

Keywords: Pulmonary arterial hypertension; Liver fibrosis; Non-
alcoholic fatty liver disease fibrosis score; Non-invasive assessment

Introduction

Pulmonary hypertension (PH) is defined as a mean pulmo-
nary arterial pressure (mPAP) greater than 20 mm Hg with-
out exertion. This is confirmed by right heart catheterization 
[1]. Hemodynamically, PH can be broadly classified into 
three groups: pre-capillary (pulmonary arterial hypertension 
(PAH)), post-capillary, or mixed. Pre-capillary and post-capil-
lary PH can be differentiated based on the pulmonary vascular 
resistance (≥ 3 Woods unit in pre-capillary PH) and pulmonary 
capillary wedge pressure (PCWP) (less than 15 mm Hg for 
pre-capillary). Clinically, PH can be classified into five sub-
groups: group 1 is PAH, group 2 is PH due to left heart disease, 
group 3 is PH due to pulmonary disease, group 4 is PH due to 
chronic thromboembolic disease, and group 5 is miscellaneous 
causes such as complex congenital heart disease [2]. PAH is a 
pre-capillary form of PH which has recently been regarded as a 
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multisystem disease rather than a purely pulmonary entity [3].
Due to the elevations in right ventricular (RV) pressures 

in PH, upstream clinical and biochemical effects are expected. 
The liver is one of the first organs affected by elevated RV 
pressures resulting in abnormalities in liver biochemical tests 
and ascites [4]. The lung-liver relationship is reciprocal: ele-
vated right-sided filling pressures from PH are associated with 
congestive hepatopathy. Similarly, liver disease clearly has 
implications on the anatomy and function of the pulmonary 
circulation, as seen in porto-pulmonary hypertension, hepato-
pulmonary syndrome [5], and Fontan physiology causing pul-
monary arteriovenous malformations [6].

The relation between PH and non-clinically apparent liv-
er fibrosis has not been evaluated directly in the past. In this 
study, we retrospectively reviewed a cohort of Hispanic PAH 
patients in a single academic center and correlate hemodynam-
ic parameters, functional capacity, biochemical variables, and 
outcomes with the non-alcoholic fatty liver disease (NAFLD) 
fibrosis scores (NFSs).

This study aimed to assess the prevalence of liver fibrosis 
based on non-invasive NFSs in Hispanic patients with PAH and 
the relationship of fibrosis with hemodynamic, functional, and bi-
ochemical variables of disease severity as well as 5-year survival.

Materials and Methods

A single-center retrospective cohort study consisting of 96 
treatment-naive Hispanic patients with World Health Organiza-
tion (WHO) group 1 PH (PAH) from the PAH registry at Texas 
Tech University Health Sciences Center El Paso (TTUHSCEP) 
pulmonary hypertension clinic and University Medical Center 
(UMC) of El Paso between February 2016 and March 2021 was 
performed. The study protocol conforms to the ethical guide-
lines of the 1975 Declaration of Helsinki as reflected in a priori 
approval by the institution’s human research committee (IRB # 
E21164). Diagnosis of PAH was made by right heart catheteri-
zation based on most up to date clinical guidelines at the time 
of diagnosis. Exclusion criteria were: non-WHO group 1 PH, 
non-Hispanics, documented pre-existing liver disease (based on 
ICD-10 codes and physician documentation) (Supplementary 
Material 1, www.cardiologyres.org), patients with viral hepa-
titis, porto-pulmonary hypertension, a history of substance or 
alcohol abuse, chronic kidney disease, atrial fibrillation, thy-
roid disease, and warfarin use. Each chart was independently 
reviewed by two investigators and was validated by the treating 
PH physician. In all patients, the diagnosis of PAH was made by 
right heart catheterization and exclusion of other forms of PH 
by laboratory studies, echocardiography, pulmonary function 
testing, computed tomography angiography, and ventilation-
perfusion scanning. Ethnicity was determined by self-reporting 
during clinic encounters. All patients were seen and treated at 
the UMC El Paso and TTUHSCEP pulmonary hypertension 
clinic. Patients were monitored by regular outpatient visits for a 
median of 3.6 years (range 3 - 60 months). Survival status was 
censored on May 31, 2022. The primary end-point of this study 
was 5-year survival after the diagnosis of PAH.

NFSs were calculated using the following formula: 1.675 

+ (0.037 × age (years)) + (0.094 × body mass index (kg/m2)) 
+ (1.13 × diabetes (yes = 1, no = 0)) + (0.99 × AST/ALT ratio) 
- (0.013 × platelet (× 109/L)) - (0.66 × albumin (g/dL)). NFSs 
below -1.455 correlate with histological fibrosis stage F0-F2 
with a negative predictive value of 88-93% for advanced fi-
brosis. NFSs between -1.455 and 0.675 are considered inde-
terminate, and NFS > 0.675 correlates with F3-F4 histological 
fibrosis with a positive predictive value of 82-90% for ad-
vanced fibrosis. The staging of the fibrosis was based on the 
histological Brunt criteria. The criteria include five separate 
stages: stage 0 = absent fibrosis, stage 1 = portal or perisinu-
soidal fibrosis, stage 2 = portal/periportal and perisinusoidal 
fibrosis, stage 3 = bridging or septal fibrosis, and stage 4 = cir-
rhosis [7]. Patients in this cohort were divided based on NFSs. 
Group 1 was considered negative for advanced fibrosis based 
on an NFS < -1.455. Group 2 was considered indeterminate if 
the NFS was between -1.455 and 0.675, based on ambiguity 
of the clinical relevance of these scores. Group 3 was consid-
ered high risk for fibrosis if the NFS was > 0.675. NFSs (one 
score calculated per patient) were calculated within 3 months 
of the initial right cardiac catheterization, functional class as-
sessment, and 6-minute walk distance.

Patients’ records were reviewed for any abdominal imag-
ing obtained (ultrasonography, computed tomography, or liver 
transient elastography). However, the majority of patients did 
not have imaging studies and hence this variable was not in-
cluded in the analysis.

All data are reported as absolute numbers, percentages, 
mean (standard deviation (SD)), or median (interquartile range 
(IQR)), as indicated. The relationship between NFSs and base-
line variables was assessed using Mann-Whitney U testing for 
continuous variables and Chi-square testing for nominal or 
categorical variables. Correlations between continuous vari-
ables were assessed using the Pearson correlation coefficient. 
Spearman rank correlation was used to assess the correlation 
for nominal and categorical variables. Kaplan-Meier survival 
analysis was used to estimate overall survival in patients with 
low and high NFSs. Log-rank testing was used to assess the 
statistical significance between both groups. Cox regression 
analysis was used to identify non-invasive predictors of death 
during follow-up. All variables were tested for normality of 
distribution using Kolmogorov-Smirnov testing. Variables 
without normal distribution were transformed into their natural 
logarithm before Cox analysis. A P-value of less than 0.05 was 
considered statistically significant. All calculations and graph-
ics were done using SPSS 27 (IBM), Excel (Microsoft), and 
Graph pad (8.0.0 GraphPad software, San Diego, CA).

Results

Out of a database with 236 patients with PAH, we identified 
96 treatment-naive Hispanic patients (69% females) with PAH 
who met inclusion criteria (Fig. 1). Median age was 49 years 
(IQR: 15). Estimated median survival of the entire cohort was 
3.9 years with survival percentages of 89.5% at 1 year, 77.4% 
at 3 years, and 68.7% at 5 years, respectively. The clinical 
characteristics and NFSs are listed in Table 1. The majority 
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Table 1.  Baseline Characteristics and NFS

All patients 
(n = 96)

Low NFS  
(F0-F2) (n = 36)

Indetermi-
nate NFS 
(n = 33)

Advanced NFS 
(F3-F4) (n = 27)

P-value (low 
versus ad-
vanced NFS)

Age (years) 49 (15) 48 (7) 57.6 (23) 59 (12) 0.014
Female (%) 69 86 23 55 < 0.05
BMI (kg/m2) 30.2 (12) 27.1 (12) 30.8 (11) 32.1 (22) 0.35
WHO-FC (I-IV) 2.3 (0.9) 2.4 (0.6) 2.6 (1) 2.9 (0.7) < 0.05
WHO group 0.781
  IPAH 47 18 19 10
  CTD 30 11 8 11
  CHD 19 7 6 6
mRAP (mm Hg) 8 (14) 8 (4) 9.6 (5) 11.5 (16) < 0.05
mPAP (mm Hg) 42 (12) 38 (17.1) 77 (14.5) 43 (23.2) 0.19
PCWP (mm Hg) 9 (5) 10 (7) 10.9 (4) 11 (5) 0.60
CI (L/min/m2) 2.4 (0.8) 2.9 (0.9) 3.1 (1.7) 2.7 (1.2) 0.41
6MWD (m) 358 (178) 399 (178) 368 (236) 288 (184) < 0.05
NT-proBNP (ng/L) 1,853 (1,856) 1,050 (1,178) 1,845 (2,643) 2,323 (2,773) < 0.05
NFS -0.55 (2.5) -2.6 (1.1) -0.4 (1.46) 1.4 (2.5) < 0.05
Diabetes (%) 27.1 13.9 21.1 51.9 0.001
Systemic hypertension (%) 17.7 16.7 12.1 25.6 0.214
Hyperlipidemia (%) 11.5 8.3 9.1 18.5 0.206
Obesity (%) 37.5 25.0 45.5 44.4 0.397
One or more risk factors for metabolic syndrome (%) 67.7 56.0 69.7 81.5 0.035

Data are shown as median (interquartile range (IQR)) except for sex (%) and WHO-FC (mean (standard deviation (SD))). P values between low and 
advanced NFSs were calculated by Mann-Whitney U test for continuous variables, Chi-square for differences in gender and t-test for WHO-FC. Data 
are available for all patients, except data on CI are available for 80 patients in the entire cohort, 30 patients in the low NFS group and 19 patients in 
the advanced NFS group. Data on 6MWD are available for 84 patients in the entire cohort and 33 patients in the low NFS group. BMI: body mass 
index; CHD: congenital heart disease; CI: cardiac index; CTD: connective tissue disease; IPAH: idiopathic pulmonary arterial hypertension; mPAP: 
mean pulmonary artery pressure; mRAP: mean right atrial pressure; NFS: non-alcoholic fatty liver disease fibrosis score; NT-proBNP: N-terminal-
pro-B-type natriuretic peptide; PCWP: pulmonary capillary wedge pressure; 6MWD: 6-minute walk distance; WHO-FC: World Health Organization 
functional class.

Figure 1. Flow diagram of patient selection.
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of patients in our cohort (37.5%) had F0-F2 stage of fibrosis 
according to the NFS. Twenty-eight percent of patients had 
an NFS (F3-F4) suggestive of advanced liver fibrosis. The 
remainder of the patients (34.4%) had an indeterminate NFS. 
Patients with advanced fibrosis score were older (48 versus 59 
years, P = 0.05), predominantly male (45% versus 14% in the 
mild fibrosis group, P < 0.05), had a significantly worse WHO 
functional class (WHO-FC) (2.4 versus 2.9, P < 0.05), 6MWD 
(288 versus 399 m, P < 0.05), higher N-terminal-pro-B-type 
natriuretic peptide (NT-proBNP) levels (1,050 versus 2,323, P 
< 0.05), elevated right-sided filling pressures (mean right atrial 
pressure (mRAP) 11.5 versus 8 mm Hg, P < 0.05), a higher 
prevalence of diabetes (21.1% versus 51.9%, P = 0.001), and 
a higher prevalence of risk factors for metabolic syndrome 
(81.5% versus 65.0%, P = 0.035). The correlation between the 
NFS and patient variables is depicted in Table 2.

Estimated median survival was significantly reduced in 
patients with advanced fibrosis scores (4.6 versus 3.0 years, P 
< 0.01). Cox regression analysis showed that NFSs were sig-
nificantly associated with survival in a univariate model (haz-
ard ratio (HR) 2.4, P = 0.001). Other significant non-invasive 

predictors of mortality at baseline were NT-proBNP (HR 1.1, 
P = 0.001), albumin (HR 2.1, P = 0.001), 6MWD (HR 1.1, P = 
0.0023), and WHO-FC (HR 2.7, P = 0.001). After adjusting for 
age and gender, NFSs remained significant predictors of poor 
outcomes (HR 2.0, P = 0.031) (Table 3).

Kaplan-Meier analysis showed that patients with ad-
vanced fibrosis scores had worse 3-year survival when com-
pared with patients with low fibrosis scores (F0-F2) (Fig. 2, 
log-rank < 0.01).

Discussion

The lung-liver relationship is reciprocal, and liver disease 
clearly has implications on the anatomy and function of the 
pulmonary circulation, as seen in porto-pulmonary hyperten-
sion, hepato-pulmonary syndrome [5] and Fontan physiology, 
causing pulmonary arteriovenous malformations [6]. Vice ver-
sa, right heart strain has significant clinical implications on 
liver function and liver dysfunction is common in PAH pa-
tients [4]. The exact pathophysiology of liver dysfunction in 
PAH is poorly understood: hepatic congestion from right heart 
pressure overload and alteration in inflammatory, hormonal 
and genetic pathways have been implicated [4]. NAFLD is a 
clinicopathologic liver disease with a wide histological spec-
trum ranging from simple steatosis to cirrhosis and is associ-
ated with increased morbidity and mortality [8].

The NFS was initially created in 2007 as a non-invasive 
assessment for liver fibrosis in patients with NAFLD and was 
found to have a negative predictive value of advanced fibrosis 
(88-93%) when the lower cut-off was used (< -1.455), and a high 
positive predictive value of advanced fibrosis (82-90%) when 
the higher cut-off was used (> 0.675) [9]. NFSs were found to 
have a strong correlation with mortality, cardiovascular events, 
atheromatous plaque formation, and impaired renal function, 
signifying the correlation between NAFLD and metabolic syn-
drome [10, 11]. NFS has been validated as a non-invasive tool of 
assessing hepatic fibrosis with the use of routinely ordered labs.

To date, the incidence and prevalence of liver fibrosis in 
Hispanic patients with PAH is unknown. In our cohort 27% of 
patients had signs of advanced fibrosis based on NFSs. A retro-
spective analysis of ICD-10 codes in over 9,000 patients with 
PH found that 7% carried a diagnosis of NAFLD [12]. The 
prevalence of NAFLD in patients with chronic heart failure has 
been reported between 25% and 37% [13-15]. This indicates 

Table 2.  Correlation of NFS With Baseline Variables

Variables NFS (F0-F4) P-value
Age (years) 0.342 0.041
Gender 0.355 0.009
BMI (kg/m2) 0.131 0.350
WHO-FC (I-IV) 0.35 0.005
mRAP (mm Hg) 0.273 0.031
mPAP (mm Hg) 0.21 0.27
PCWP (mm Hg) -0.073 0.69
CI (L/min/m2) -0.117 0.423
6MWD (m) -0.485 0.001
NT-proBNP (ng/L) 0.321 0.010

Correlations between continuous variables were assessed using the 
Pearson correlation coefficient. Spearman rank correlation was used to 
assess the correlation for nominal and categorical variables. BMI: body 
mass index; CI: cardiac index; mPAP: mean pulmonary artery pres-
sure; mRAP: mean right atrial pressure; NFS: non-alcoholic fatty liver 
disease fibrosis score; NT-proBNP: N-terminal-pro-B-type natriuretic 
peptide; PCWP: pulmonary capillary wedge pressure; 6MWD: 6-minute 
walk distance; WHO-FC: World Health Organization functional class.

Table 3.  Non-Invasive Risk Assessment Using Cox Regression Analysis

Univariate model Multivariate model
HR (95% CI) P-value HR (95% CI) P-value

NFSa 2.4 (1.7 - 3.9) 0.001 2.0 (1.2 - 3.4) 0.031
NT-proBNPb 1.1 (1.0 - 1.3) 0.003 1.0 (0.8 - 1.1) 0.312
6MWDb 1.1 (1.0 - 1.1) 0.023 0.97 (0.8 - 1.1) 0.495
WHO-FCb 2.8 (1.5 - 4.2) 0.001 1.6 (1.3 - 3.0) 0.031

aAdjusted for gender. bAdjusted for age and gender. Cox regression analysis was used to identify predictors of death during follow-up. CI: confidence 
interval; HR: hazard ratio; NFS: non-alcoholic fatty liver disease fibrosis score; 6MWD: 6-minute walk distance; NT-proBNP: N-terminal-pro-B-type 
natriuretic peptide; WHO-FC: World Health Organization functional class.
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that NAFLD is likely an underreported and underrecognized 
comorbidity in heart failure patients, including patients with 
PAH. Our data support the notion that especially Hispanic PAH 
patients are at high risk for NAFLD. Despite analyzing a fe-
male predominant cohort, advanced fibrosis scores were more 
frequent in male patients. This is in line with other studies that 
found an increasing male prevalence with higher fibrosis scores 
[13]. In patients without evidence of heart failure, the NAFLD 
prevalence seems to be higher in men, when compared with 
premenopausal women; however, this relationship seems to be 
reversed when men are compared to postmenopausal women 
[16], implicating protective effects of female hormones on the 
liver. Our cohort had a median age of 49, it is therefore pos-
sible that premenopausal females had some protection against 
NAFLD development. Young females at childbearing age are at 
heightened risk for the development of PAH but seem to have 
a better overall prognosis when compared to male counterparts 
[17-20]. This conundrum has been termed the “estrogen para-
dox” in PAH. The survival in PAH is mainly determined by the 
ability of the RV to cope with increased afterload, and improved 
survival in females was linked to enhanced RV function, impli-
cating that estrogens might have protective effects on the RV 
[21]. It is therefore possible that in PAH, female hormones pro-
tect the liver by advantageous hepatic fat metabolism [22] and 
by reduced congestion due to improved RV function.

Primary NAFLD has a strong association with the meta-
bolic syndrome [8]. In patients with metabolic syndrome, 
insulin resistance and subsequent hyperinsulinemia are asso-
ciated with altered glucose and lipid metabolism and subse-
quently, hepatic lipid accumulation leading to steatohepatitis 
[23, 24]. The metabolic syndrome is characterized by elevated 
very low-density lipoprotein (VLDL), low-density lipoprotein 
(LDL), triglycerides (TGs), hepatic insulin resistance, low-
grade systemic inflammation, and decreased liver insulin ex-
traction [25-27]. In patients with advanced cirrhosis, disturbed 
hepatic blood flow has been linked to insulin resistance and 
hyperinsulinemia [28, 29]. In our cohort, patients with the 
highest NFSs had the highest prevalence of risk factors for 
metabolic syndrome, indicating that these risk factors contrib-

ute to liver pathology in patients with PAH. However, recent 
data implicate that even though PAH patients have many clini-
cal features of the metabolic syndrome, significant differences 
exist. For instance, elevated serum TGs levels, peripheral and 
hepatic insulin resistance are not classic features of PAH me-
tabolism [4]. In fact, congestive hepatopathy from right heart 
failure is associated with reduction in high-density lipoprotein 
(HDL) production and increased hepatic insulin clearance 
[30]. Therefore, patients with PAH and right heart failure have 
a different metabolic profile, compared to patients with “clas-
sic” metabolic syndrome, increased cardiovascular morbidity, 
and NAFLD [31]. The cause-and-effect relationship between 
liver fibrosis and cardiac dysfunction is a matter of ongoing re-
search; however, our data suggest that in PAH, liver fibrosis is 
not only caused by diabetes, hyperlipidemia, obesity, or hyper-
tension (Table 1). There is evidence that NAFLD increases the 
risk for heart failure [31]. Our study supports the notion that 
cardiac dysfunction plays a central role in the development of 
liver fibrosis. Right heart failure leads to increased pressure in 
the sublobular hepatic veins producing sinusoidal congestion, 
which may result in bridging fibrosis between adjacent central 
veins [32]. These histopathological findings are not only seen 
in right heart failure but have also been described in patients 
with diastolic dysfunction [33].

In our cohort, advanced NFSs were associated with de-
creased survival in univariate and multivariate analysis, when ad-
justed for established non-invasive risk predictors (NT-proBNP, 
WHO-FC, and 6MWD). Advanced NFSs were significantly re-
lated to age, male gender, worse WHO-FC, lower 6MWD, el-
evated right arterial pressures and NT-proBNP levels, indicating 
that NFSs assimilate several clinical, functional, hemodynamic 
and biochemical indicators of poor PAH outcomes. It is there-
fore interesting to note that NFSs added prognostic value to the 
established non-invasive risk parameters (Cox regression). It is 
unclear if liver fibrosis score is a modifiable risk factor in PAH. 
To date, there are no approved medical therapies for liver fibro-
sis. Many pharmaceutical and dietary interventions are currently 
investigated to treat liver fibrosis, but their role in PAH-associated 
hepatic dysfunction is unclear [34]. Anticoagulation to restore 

Figure 2. Kaplan-Meier analysis according to low and advanced fibrosis scores.
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congested liver blood flow has been shown to have beneficial 
effects in patients with advanced cirrhosis [35]. The use of an-
ticoagulants has also been implicated in improving survival in 
patients with idiopathic PAH [36, 37]. This is certainly an area 
that will require further investigation via clinical trials, since 
the decision to use anticoagulants in PAH needs to involve an 
individualized risk-benefit assessment. Other clinical consid-
erations in patients with PAH and elevated NFSs are correction 
of risk factors for liver disease and reduction of right-sided fill-
ing pressures by optimizing PAH-targeted therapies and diure-
sis. Furthermore, special attention should be paid to nutrition 
counseling and weight loss in obese patients.

Limitations

Our study has several limitations, such as a relatively small 
cohort and its retrospective nature. Importantly, none of our 
patients had a liver biopsy to assess the degree of fibrosis. Our 
study lacks data on liver imaging (ultrasonography or comput-
ed tomography) that might be supportive of the NFSs. Further-
more, our study did not investigate if PAH-targeted therapies 
are associated with changes in NFSs.

Conclusion

Age and male gender in Hispanic patients with PAH are as-
sociated with higher risk for developing advanced liver fibro-
sis, which emerged as an independent risk factor for poor out-
comes. Besides risk factors for metabolic syndrome, right heart 
strain seems to be an important contributor to liver fibrosis in 
PAH. Our study suggests that Hispanic patients with PAH and 
risk factors for metabolic syndrome should be screened for 
co-existing liver pathology by calculating NFSs. Further re-
search is needed to better understand the complex relationship 
between the lungs and liver in PAH, and to investigate if reduc-
ing NFSs is a modifiable risk factor in PAH.

Supplementary Material

Suppl 1. ICD-10 codes with the corresponding disease.
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