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Abstract

Background: Pulmonary arterial hypertension (PAH) is a chronic
disease of the pulmonary blood vessels that can lead to right heart
failure, resulting in increased morbidity and mortality if left untreat-
ed. While right heart hemodynamics and functional capacity are a
well-established predictors of outcome in PAH, emerging evidence
suggests that social determinants of health (SDOH) may have a sig-
nificant impact on patients with PAH, influencing outcomes and sur-
vival rates. This study explores the impact of SDOH and their intri-
cate interactions on survival among a Hispanic patient cohort along
the US-Mexico border.

Methods: A retrospective analysis was conducted on a single-center
cohort of 158 PAH patients (72% female, mean age 58 years) using
Cox proportional hazards models and latent class analyses. The pri-
mary outcome was mortality during the follow-up period, with sec-
ondary analyses examining the impact of individual and combined
SDOH on survival.

Results: During a mean follow-up period of 3.8 years (range: 0.2 to
6 years), 37 patients (23.4%) died. Lack of health insurance (hazard
ratio (HR) 2.17; 95% confidence interval (CI): 1.05 - 4.49, P=0.037)
and unemployment (HR 2.99; 95% CI: 1.42 - 6.30, P = 0.004) were
significantly associated with a higher risk of death within 5 years of
follow-up. Latent variable modeling revealed that patients aged > 60
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years, who were uninsured, unmarried, and unemployed along with
greater PAH severity (measured with cardiac output, mean pulmonary
arterial pressure, six-minute walk distance, and World Health Organi-
zation Functional Class > 2) had the highest risk of poor outcomes
(HR 3.6, 95% CI: 1.9 - 6.8, P <0.001). Interestingly, the type of insur-
ance did not have a significant impact on survival.

Conclusion: The findings underscore the critical need for improved
access to insurance coverage and enhanced social support to promote
better health outcomes among this vulnerable Hispanic population.
Addressing these SDOH is essential in closing the health disparity
gap and improving survival rates in PAH patients.

Keywords: Pulmonary arterial hypertension; Social determinants of
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Introduction

Pulmonary arterial hypertension (PAH) is a chronic, progres-
sive disease that can lead to right heart failure and death if left
untreated. Significant progress has been made in the under-
standing of the pathophysiology and pathology of PAH [1, 2].
However, it is now evident that, besides the biological aspects
of the disease, racial and socioeconomic factors play an im-
portant role in patient outcomes. Social determinants of health
(SDOH) are factors outside the scope of medical care, such
as income, religion, insurance status, social support structures,
and language barriers [3]. Emerging evidence indicates that a
considerable number of deaths in the USA can be linked to
SDOH, highlighting potential risk factors that may be modifi-
able. Unfortunately, Hispanic patients are disproportionately
affected by these SDOH, due to prevalent poverty rates, lower
rates of insurance enrollment, poor education, and language
barriers [4]. Furthermore, Hispanic patients with pulmonary
hypertension (PH) are currently underrepresented in most ran-
domized clinical trials (RCTs) and international patient reg-
istries [5-7]. Therefore, there is uncertainty when it comes to
the diagnosis, management, and prognostication of Hispanic
patients with PAH [8]. There is a particular lack of data regard-
ing the impact of SDOH on survival outcomes in this patient
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population.

We sought to evaluate how readily obtainable SDOH, in-
cluding language, marital status, employment, insurance cov-
erage, and religious affiliation, may affect the 5-year survival
rates of Hispanic patients with PAH from a single center lo-
cated at the US-Mexican border. The goal of this study was
to identify SDOH profiles that are linked to the highest risk
of adverse clinical outcomes. We aim to use these findings to
make well-informed recommendations for healthcare inter-
ventions that improve survival outcomes for these high-risk
patient groups.

Materials and Methods

Study population

This single-center retrospective cohort study was conducted at
University Medical Center (UMC) and Texas Tech University
Health Sciences Center in El Paso, situated at the US-Mexican
border, providing access to all advanced PAH-targeted thera-
pies. Patients were enrolled in this registry either as inpatients
with outpatient follow-up or as outpatients. The inclusion
criteria were self-reported Hispanic ethnicity, a diagnosis of
WHO group 1, and data on demographics, hemodynamics,
functional class, six-minute walk distance (60MWD), primary
language, marital status, employment, insurance status, reli-
gion, and clinical outcomes. The exclusion criteria were loss
to follow-up or incomplete data on the above-mentioned vari-
ables. Between January 2015 and December 2023, 242 pa-
tients with PAH were registered in the local database, and 158
patients met all the inclusion criteria (Supplementary Figure 1,
cr.elmerpub.com).

Outcome and SDOH

The outcome of interest was 5-year overall survival. Survival
was assessed from the date of the initial PAH diagnosis un-
til the occurrence of death or referral for lung transplantation
with the latter as the endpoint. The last follow-up data with
no events were considered as censored events. SDOH factors,
such as marital status, employment, religious affiliation, and
language skills, were self-reported by patients. Insurance sta-
tus was obtained through a chart review. Age and sex were
also included in the analysis. Considering the size of the
study, some of these nominal categorical variables were modi-
fied, for example, employment (employed vs. unemployed/
retired), insurance (insured vs. uninsured), marital status (in
a relationship vs. not), religion (religious vs. not), and lan-
guage (English vs. Spanish). In addition, we also collected
PAH clinical severity covariates, including World Health
Organization Functional Classification (WHO-FC, > 2 vs. <
2), 6MWD, mean pulmonary pressure (mPAP), and cardiac
output (CO) (Supplementray Tables 1, 2, cr.elmerpub.com).
PAH was classified according to and treated based on disease
severity and current guidelines [9] (Supplementary Tables 3,
4, cr.elmerpub.com).

Statistical analysis

All the SDOH characteristics, such as age and sex, were sum-
marized for the entire cohort and by death status. Age was
summarized using the mean with standard deviation (SD)
while time to follow-up in years was described with mean and
range. All categorical variables were described as frequen-
cies and percentages. These variables were compared between
death status by using either a Chi-square test or a #-test. In
the primary analysis, we restricted all analyses to 5 years of
follow-up data. We used both the unadjusted and multivariable
Cox proportional hazards models to determine SDOH fac-
tors associated with overall survival. Prior to developing the
Cox models, the proportionality assumption was tested using
the Schoenfeld test. In absence of proportionality, we devel-
oped the multivariable Cox models. Considering the number
of events, we used a stepwise backward approach with a 0.15
probability of removing a covariate in the Cox model (Supple-
mentary Table 5, cr.elmerpub.com). However, we also devel-
oped a Cox model with using only significant SDOH factors.
We explored two-way interactions across all combinations of
factors affecting overall survival. Considering the significant
multiple interactions, a latent class model (LCM) was devel-
oped, which produced the optimum number of groupings based
on all baseline characteristics. The final latent class analysis
(LCA) was selected by comparing the K-class model with the
K-1 class model. If there were no significant improvements in
the K-class model compared to the K-1 class model, we final-
ized with the K-1 class model. The classes from the final LCM
were associated with overall survival in the Cox model. All
these results were validated with Cox models using all follow-
up data. Kaplan-Meier curves and log-rank tests were used to
show the survival distribution and the effect of binary factors
on survival outcomes. All statistical analyses were conducted
using Stata 17. A P-value of less than 0.05 was considered sta-
tistically significant result. The statistical analysis adhered to
standard guidelines.

This study was reviewed and approved by the Institutional
Review Board (IRB) of The Texas Tech University Health Sci-
ences Center (TTUHC), IRB # E22054. This research involved
human participants and was conducted in compliance with eth-
ical standards set forth in the Declaration of Helsinki.

Results

We identified 158 Hispanic patients with PAH. Seventy-two
percent of the patients were female, with a mean age of 58
years. The mean follow-up time was 3.8 years (range: 0.2 - 6
years), with a mean time to clinical worsening (TTCW) of 2
years, and 37 patients died during follow-up. The survival rates
were 92% at 1 year, 86% at 2 years, and 82% at 3 years. The
majority of patients were on dual (45%) or triple PAH-targeted
therapies (49%); only 5% received monotherapy. At baseline,
most patients were WHO-FC III (63.9%), the mean 6MWD
was 362 m (+ 107.32 m), the mPAP was 43.25 mm Hg (+ 12.74
mm Hg), and the mean CO was 3.85 L/min (+ 1.73 L/min).
Non-survivors had significantly worse WHO-FC (P < 0.001),
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lower 6MWD (P <0.001), higher mPAP (P =0.021), and lower
CO (P = 0.007). At baseline, 58% of patients reported being
fluent in English, and 42% reported only Spanish as their pri-
mary language. Thirty-seven percent of patients reported being
single, 35% married, 11% widowed, 10% separated, 7% di-
vorced, and 1% living with a life partner. Seventy-six percent
of the patients had health insurance, 44% were employed, and
84% reported a religious affiliation. These factors were simi-
larly distributed according to survival status except for insur-
ance status. Uninsured patients (45.9% vs. 16.5%) were likely
to be in the death group compared to the alive group (Table 1).

Kaplan-Meier time-to-event survival analysis revealed that
lack of insurance (P=0.001), and lack of employment (P <0.01)
were associated with poor 5-year survival (Figs. 1a and 2a). Our
data did not reveal difference in survival between types of insur-
ance (Fig. 1b). In addition, age, sex, primary language, and re-
lationship status did not show a significant difference in overall
survival at 5 years (Supplementary Figure 2, cr.elmerpub.com).

In an unadjusted Cox regression analysis, lack of insur-
ance had the strongest impact on poor overall survival (hazard
ratio (HR) 2.92, P =0.001) along with PAH severity measures
captured as WHO-FC, 6MWD, mPAP, and CO (Table 2). In a
multivariate Cox regression analysis, including all SDOH and
PAH severity measures captured in this study, lack of health
insurance (HR 2.17; 95% confidence interval (CI): 1.05 - 4.49,
P =0.037) and lack of employment (HR 2.99; 95% CI: 1.42 -
6.30, P=0.004) had the strongest impact on survival (Table 3).
This was further confirmed in the reduced Cox model which
showed a statistically significant HR that was higher in the
uninsured compared to the insured patients (Supplementary
Table 1, cr.elmerpub.com). We found significant interactions
between all SDOH captured in this study. Similarly, marital
status interacted with religious affiliation and employment
status with sex in relation to overall survival (Supplementary
Table 2, cr.elmerpub.com). All PAH clinical severity measures
were found to interact with SDOH factors in relation to overall
survival (Supplementary Table 3, cr.elmerpub.com).

Considering complex multiple interactions, LCA yield-
ed two optimum classes, namely the low-risk class and the
high-risk class. Latent risk modeling showed that patients
> 60 years, without insurance, unmarried, and unemployed
along with PAH severity as measured by 6MWD, WHO-FC
> 2, mPAP and CO had worse outcomes, compared to patients
without these risk factors present (Supplementary Table 4, cr.
elmerpub.com). The high-risk class consisted of patients who
were not living in a relationship and were mostly uninsured.
These patients were slightly older and more likely to be unem-
ployed compared to low-risk class patients. The high-risk class
patients demonstrated a significantly greater risk of mortality
(HR 3.56, 95% CI: 1.87 - 6.80, P < 0.001) compared to low-
risk class patients. This association remained consistent (HR
3.36;95% CI: 1.73 - 6.53, P<0.001) in a restricted analysis of
S-year follow-up data (Fig. 2).

Discussion

PAH is a debilitating disease that significantly impacts overall

health, quality of life, and emotional and social well-being [ 10,
11]. It is now well recognized that, besides disease biology,
measured by hemodynamic variables and functional capacity,
non-physiological factors such as SDOH play a significant
role in patients’ quality of life and outcomes [12]. SDOH refers
to the factors in people’s daily lives that impact their health.
These include their living environment, social networks and
interactions, economic stability, and access to high-quality
healthcare. Despite their impact on quality of life, these factors
are unfortunately often overlooked when caring for patients
with PAH.

In this Hispanic PAH cohort, right heart hemodynamics,
functional class, and functional capacity were important pre-
dictors of 5-year mortality. However, in this cohort, SDOH
also had a significant impact on survival, especially lack of
insurance and employment. In the context of PAH, factors
such as race, income, marital status, and gender are particu-
larly interrelated [12]. Given the high regional variability of
SDOH, we aimed to investigate easily obtainable data points
in a single-center setting, to guide local management [13, 14].
We found that lack of insurance and unmarried status had the
greatest impact on 5-year survival across all WHO group 1
Hispanic patients. It is interesting to note that the type of insur-
ance was not associated with outcomes. This result is promis-
ing and should encourage the healthcare team to seek local or
regional resources to obtain insurance for their patients. It is
now evident that PAH has a significant negative impact on so-
cial function, as well as emotional and mental health [10]. Our
data support these findings, showing that 37% were single, and
only 33% were married. Notably, patients who were married
had a better 5-year survival. Our data support the notion that
social networks, including patient support groups, could im-
prove HRQOL and potentially survival in PAH [15]. Bernardo
et al similarly reported that Hispanic ethnicity was not associ-
ated with differences in survival after adjusting for SDOH and
other factors [16]. However, Hispanic patients with PAH had
a less favorable SDOH profile and had less optimal healthcare
insurance, lower annual income, lower education levels, and
a higher likelihood of being unemployed than non-Hispanic
White patients. These and our data suggest that SDOH are
important to consider when assessing the association between
ethnicity and outcomes in PAH.

Over the last three decades, PAH research has mainly
focused on disease biology, along with developing new and
refined pharmacological treatment algorithms. However, inter-
ventions addressing SDOH have not been widely implemented
in clinical practice. There is increasing evidence that a holis-
tic, integrated community-based approach, one that integrates
both the biological aspects of the disease and the individual
patient’s social context, can improve outcomes in chronic dis-
eases [17-19].

By considering factors such as insurance status, social
support networks, and access to care, healthcare teams can tai-
lor interventions to meet the unique needs of each patient. This
comprehensive approach, alongside guideline-directed PAH
management, could not only improve clinical outcomes but
also enhance patient engagement and adherence to treatment
plans. Incorporating SDOH into PAH care represents a prom-
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Table 1. Baseline Characteristics in the Entire Cohort and by Death Status

Factor All patients Alive Death P-value
N 158 121 37
Time to worsening (years), mean (SD) 3.75(2.01) 4.28 (1.86) 2.01 (1.406) <0.001*
Age, mean (SD) 57.65 (15.46) 57.96 (15.79) 56.65 (14.55) 0.66
Gender 0.55
Female 112 (71.8%) 84 (70.6%) 28 (75.7%)
Male 44 (28.2%) 35 (29.4%) 9 (24.3%)
PAH etiology
IPAH 51% 47% 49% 0.251
CTD 23% 24% 29%
CHD 17% 23% 15%
Others 9% 6% 7%
Language 0.79
English 91 (57.6%) 69 (57.0%) 22 (59.5%)
Spanish 67 (42.4%) 52 (43.0%) 15 (40.5%)
Marital status 0.083
Married 53 (33.5%) 45 (37.2%) 8 (21.6%)
Separated 16 (10.1%) 9 (7.4%) 7 (18.9%)
Divorced 11 (7%) 7 (5.8%) 4 (10.8%)
Widowed 17 (10.8%) 15 (12.4%) 2 (5.4%)
Life partner 2 (1.3%) 1 (0.8%) 1 (2.7%)
Insurance <0.001*
Insured 121 (76.6%) 101 (83.5%) 20 (54.1%)
No insurance 37 (23.4%) 20 (16.5%) 17 (45.9%)
Employment 0.83
Employed 70 (44.3%) 52 (43.0%) 18 (48.6%)
No employment 52 (32.9%) 41 (33.9%) 11 (29.7%)
Retired 36 (22.8%) 28 (23.1%) 8 (21.6%)
Religion 0.33
Religious 132 (83.5%) 103 (85.1%) 29 (78.4%)
Not religious 26 (16.5%) 18 (14.9%) 8 (21.6%)
6MWD, mean (SD) 362.20 (107.32) 385.86 (97.32) 284.81 (103.06) <0.001
WHO-FC <0.001
1 9 (5.7%) 8 (6.6%) 1(2.7%)
2 27 (17.1%) 27 (22.3%) 0 (0.0%)
3 101 (63.9%) 79 (65.3%) 22 (59.5%)
4 21 (13.3%) 7 (5.8%) 14 (37.8%)
mPAP, mean (SD) 43.25 (12.74) 41.97 (12.56) 47.45 (12.61) 0.021
CO, mean (SD) 3.85(1.73) 4.06 (1.67) 3.18 (1.76) 0.007

Data are presented as mean (SD), except for gender and language (%). P-values for continuous variables were calculated using the t-test for time
to worsening and age, and the Chi-square test for gender, language, marital status, insurance, employment, and religion. *Statistically significant.
CHD: congenital health disease; CO: cardiac output; CTD: connective tissue disease; IPAH: idiopathic pulmonary arterial hypertension; mPAP: mean
pulmonary pressure; N: total number of participants; SD: standard deviation; 6MWD: six-minute walk distance; WHO-FC: World Health Organization
Functional Classification.
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Figure 1. Kaplan-Meier analysis of overall survival according to insurance (a) and insurance type (b). (a) Survival probabilities for
patients with and without insurance. (b) Survival rates based on insurance type. A P-value of less than 0.01 highlights a statisti-

cally significant difference among the groups.

ising avenue for advancing patient-centered medicine and ad-
dressing health disparities in vulnerable populations.

Limitations

This single-center, retrospective study includes a relatively small
cohort of Hispanic patients with PAH, which limits its general-
izability. Additionally, capturing SDOH is inherently challeng-
ing, and our analysis relied on self-reported data that may not
fully reflect each patient’s actual living conditions. Furthermore,
we did not assess clinical worsening of PAH, hospitalizations,
or hospital admissions and readmission rates. Additionally, we

were unable to obtain complete records regarding patient mor-
tality, which could have markedly influenced our outcome anal-
ysis. Considering the dynamic nature of PAH and its treatment,
escalation or de-escalation of PAH-specific therapies was not
captured as a variable, which may have influenced patient out-
comes. Consequently, our findings might have differed had we
selected alternative endpoints.

Conclusions

In summary, our study shows that easily obtainable and po-
tentially modifiable SDOH have a significant impact on out-
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Figure 2. Kaplan-Meier analysis of overall survival according to employment status (a) and latent risk group (b). (a) Survival
probabilities for patients based on employment status. (b) Survival probabilities based on latent risk group. A P-value of less than
0.01 indicates a statistically significant difference among the groups.
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Table 2. Unadjusted Association of Each Factor With Overall
Survival

Covariates HR 95% CI P-value
Age 0994  0974-1.014 0.568
Gender - male 0.833  0.393 - 1.766 0.634
Language - Spanish 0.926  0.480-1.785 0.818
Marital - living alone 1.736  0.819 - 3.679 0.15

1.530-5.579 0.001*
0.647 - 2.349 0.525
0.727 - 3.482 0.245

Insurance - no insurance  2.922
Employment - no 1.232

Religion - not religious 1.591

WHO-FC>2vs. <2 12.351 1.693-90.116 0.013
6MWD 0.992  0.989 - 0.995 <0.001*
mPAP 1.028  1.004 - 1.053 0.02

CcO 0.706  0.551 -0.904 0.006

Unadjusted and adjusted association factors are presented as HR with
95% Cl and P-value. P-values were derived from Cox proportional haz-
ards regression. *Statistically significant. Age: participant age; Gender:
male versus female; Language: Spanish versus English; Marital status:
living alone versus in a relationship; Insurance: no insurance versus in-
sured; Employment: no employment versus employed; Religious affili-
ation: religious versus non-religious; WHO-FC: > 2 vs. < 2; mPAP, CO,
and 6MWD. CI: confidence interval; CO: cardiac output; HR: hazard
ratio; mPAP: mean pulmonary pressure; 6MWD: six-minute walk dis-
tance; WHO-FC: World Health Organization Functional Classification.

comes in patients with PAH. We found significant interactions
between PAH severity and all five SDOHs with an impact on
survival. However, latent variable modeling showed that lack
of insurance and lack of employment had the most significant
impact on poor outcomes in our patient population.

These findings have important implications for physi-
cians taking care of Hispanic patients with PAH. Therapeutic
interventions focused on securing insurance and strengthening
social networks could significantly improve outcomes for this
vulnerable population.

Supplementary Material

Supplementary Table 1. Adjusted significant association of
SDOH with overall survival.

Supplementary Table 2. Complex interactions between fac-
tors on overall survival.

Supplementary Table 3. Complex interactions between social
determinants of health factors and clinical factors on overall
survival.

Supplementary Table 4. PAH-targeted therapies.
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Supplementary Figure 1. Flowchart detailing the patient en-
rollment process.

Supplementary Figure 2. Kaplan-Meier survival estimates:
overall survival analysis by age (A), gender (B), language (C),
and marital status (D).
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Table 3. Adjusted Association of Each Factor With Overall Survival

Adjusted model 1 Adjusted model 2

HR 95% CI P-value HR 95% Cl1 P-value
Employment - no 1.83 0.93 - 3.60 0.078 2.99 1.42-6.30 0.004
CcoO 0.73 0.58 - 0.92 0.007
mPAP 1.03 1.00 - 1.06 0.022 1.02 1.00 - 1.05 0.102
WHO-FC >3 10.26 1.40 - 74.94 0.022 11.27 1.47 - 86.66 0.02
6MWD 0.99 0.99 - 0.99 <0.001 0.99 0.99 - 1.00 <0.001%*
Insurance - no 2.17 1.05-4.49 0.037

Adjusted model 1 was based on the entire follow-up data whereas adjusted model 2 was based on follow-up data limited to 5 years. Data are pre-
sented as HR with 95% CI and P-value. P-values were derived from Cox proportional hazards regression. *Statistically significant. Age: participant
age; Gender: male versus female; Language: Spanish versus English; Marital status: living alone versus in a relationship; Insurance: no insurance
versus insured; Employment: no employment versus employed; Religion: not religious versus religious; WHO-FC: > 2 vs. < 2; mPAP, CO, and 6MWD.
ClI: confidence interval; CO: cardiac output; HR: hazard ratio; mPAP: mean pulmonary pressure; 6MWD: six-minute walk distance; WHO-FC: World

Health Organization Functional Classification.
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