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Prediction of Health-related Quality of Life and
Hospitalization in Pulmonary Arterial Hypertension:
The Pulmonary Hypertension Association Registry

To the Editor:

Pulmonary arterial hypertension (PAH) negatively impacts
health-related quality of life (HRQoL) and is associated with
increased hospitalizations. Therapy is tailored according to the
risk of adverse outcomes and several prediction rules for mortality
have been proposed. We evaluated whether risk prediction models
for mortality were associated with patient-related outcomes.
Using the Pulmonary Hypertension Association Registry
(PHAR), we hypothesized that higher risk assessment would
be associated with worse HRQoL and an increased risk for
hospitalization.

The PHAR is a prospective registry of individuals with PAH or
chronic thromboembolic pulmonary hypertension, enrolled at
participating centers throughout the United States. We included
individuals aged 18 years and older with PAH who were enrolled
between 2015 and September 2019, with follow-up to March 2020.
Two HRQoL questionnaires are administered at each visit: The
Medical Outcome Study Short Form-12 (SF-12) with general physical
and mental component scores (1) and the emPHasis-10 (e10), a
pulmonary hypertension–specific instrument (2). Using the baseline
data, we assigned patients into low-, intermediate-, and high-risk
categories using Comparative, Prospective Registry of Newly
Initiated Therapies for Pulmonary Hypertension (COMPERA) (3, 4)
and Registry to Evaluate Early and Long-Term PAH Disease
Management (REVEAL) risk calculator (REVEAL 2.0) (5, 6)
prediction rules. The outcomes were HRQoL by SF-12 and e10
and the risk of hospitalization. Because hospitalization was an
outcome of interest, it was not used in calculating the REVEAL 2.0
score.

We fitted mixed-effects generalized linear regression models
with P values for linear trend by risk category. These models
were adjusted for potential confounders of PAH risk: age, sex, race
and ethnicity, and PAH medications (parenteral therapy and
the total number of vasodilator medications). We performed a
sensitivity analysis imputing the worst possible HRQoL score for
participants who died or were lost to follow-up. Negative binomial
regression was used to estimate the incidence rate ratio (IRR) for
all-cause hospitalization by risk category with an offset term for
follow-up time. We then performed a sensitivity analysis in which
death, lung transplantation, or loss to follow-up were counted as
hospitalizations to account for potential unrecorded events. To
estimate the relative risk of hospitalization with death as a
competing risk, we calculated subdistribution hazard ratios
(sHRs) and cumulative incidence functions using the Fine-Gray
competing-risks regression. These models were then adjusted for

the same potential confounders. The statistical analyses were
performed using Stata Version 15.1 (StataCorp LLC).

Of the 1,021 participants enrolled in PHAR, 869 were
included (Table 1). Using COMPERA, 16% were low, 70%
intermediate, and 14% high risk. A total of 796 participants had at
least seven variables necessary for REVEAL 2.0, which classified
43% as low-, 24% as intermediate-, and 32% as high-risk patients
(6). A higher baseline risk by either method was associated with
higher (worse) e10 score at baseline and over time (Figure 1A) by
COMPERA and REVEAL 2.0 (β= 5.81; 95% confidence interval
[CI], 3.72–7.90 vs. β= 3.78; 95% CI, 1.85–5.71 for intermediate risk
and β= 12.12; 95% CI, 9.36–14.89 vs. β= 8.10; 95% CI, 6.28–9.91
for high risk, respectively). Higher predicted risk was also
associated with statistically lower (worse) SF-12 physical scores
(P, 0.05) but an unclear clinical significance because of a
small magnitude of difference. Differences in SF-12 mental
scores were only noted for COMPERA (P= 0.04). These
associations persisted after multivariate adjustment, in
sensitivity analyses using complete data, and when imputing the
worst possible HRQoL score for those who died or were lost to
follow-up.

There were 1,255 person-years of follow-up; 281 (34%)
participants with follow-up reported a hospitalization, 12 (1%)
underwent lung transplantation, 102 (12%) died, and 119 (14%)
transferred care or were lost to follow-up. Intermediate and high
predicted risk by both COMPERA and REVEAL 2.0 were associated
with an increased rate of hospitalization (COMPERA: IRR 1.88; 95%
CI, 1.27–2.77 and IRR 2.34; 95% CI, 1.42–3.82; and REVEAL 2.0:
IRR 1.45; 95% CI, 1.03–2.03 and IRR 1.88; 95% CI, 1.38–2.59,
respectively). This persisted after multivariable adjustment
and in the sensitivity analysis in which death, lung transplantation,
and transfer and/or loss to follow-up were counted as
hospitalizations. Higher risk was associated with an increased sHR
for hospitalization for COMPERA and REVEAL 2.0 (intermediate:
sHR 2.34; 95% CI, 1.53–3.60 vs. sHR 1.35; 95% CI, 0.99–1.85; and
high: sHR 2.23; 95% CI, 1.34–3.72 vs. sHR 1.58; 95% CI, 1.20–2.09,
respectively). Cumulative incidence functions for hospitalization
are shown in Figure 1B.

In a large multicenter national cohort of patients with PAH, a
higher predicted risk of mortality by two methods was associated with
a worse HRQoL and increased hospitalizations. We observed a larger
relative difference in the e10 scores than in the SF-12 scores, suggesting
the disease-specific tool may be more sensitive with an approximate
10-point difference between low- and high-risk groups, similar to
the published difference between those with World Health
Organization functional class II and III symptoms (2). In contrast,
differences in SF-12 scores were smaller and of unclear clinical
significance (7).

Our findings support prior reports of the importance of
hospitalizations as a prognostic indicator, similar to findings
reported in REVEAL (5). Hospitalizations represent a period
of potential high morbidity and mortality and are often driven
by PAH-related complications (8, 9). Although the cause of
hospitalization was not available and to account for potential
undercounting of hospitalizations, we conducted sensitivity
analysis imputing death, transplant, or loss to follow-up as
hospitalization events, which confirmed our findings. Our study
was not powered to detect differences between the intermediate
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and high-risk groups, but the sHRs for these groups were similar,
suggesting a lack of discrimination in the higher risk strata—an
area for potential improvement.

The multicentered PHAR cohort included a diverse population
from centers throughout the country, making generalizability a
particular strength. We calculated risk scores with available
data in a “real-world” setting and conducted sensitivity analyses
assuming the “worst-case” outcome. We only calculated the predicted

risk from data at baseline; the strength of the relationships support the
importance of the baseline “risk profile” irrespective of subsequent
treatment. Unmeasured or residual confounding could explain the
results; however, these prediction rules are designed to be used in a
“stand-alone” fashion, so even if present, the clinical importance of the
findings remains.

In conclusion, we found that a higher predicted risk for
death by COMPERA and REVEAL 2.0 was associated with worse
disease-specific HRQoL, a higher rate of hospitalizations, and
increased risk for nonfatal hospitalizations. Improved risk
stratification will allow for targeted strategies to improve
HRQoL and reduce hospitalizations in these vulnerable patients
with PAH. n

Author disclosures are available with the text of this letter at
www.atsjournals.org.

Acknowledgment: The authors thank the other investigators, the staff,
and particularly the participants of the Pulmonary Hypertension Association
Registry for their valuable contributions.

Jeff Min, M.D.
Perelman School of Medicine at the University of Pennsylvania
Philadelphia, Pennsylvania

David Badesch, M.D.
University of Colorado
Denver, Colorado

Murali Chakinala, M.D.
Washington University
St. Louis, Missouri

Jean Elwing, M.D.
University of Cincinnati
Cincinnati, Ohio

Robert Frantz, M.D.
Mayo Clinic
Rochester, Minnesota

Evelyn Horn, M.D.
Weill Cornell Medicine
New York, New York

James Klinger, M.D.
Rhode Island Hospital Pulmonary Hypertension Center
East Providence, Rhode Island

Matthew Lammi, M.D.
Louisiana State University
New Orleans, Louisiana

Sula Mazimba, M.D., M.P.H.
University of Virginia
Charlottesville, Virginia

Jeffrey Sager, M.D.
Cottage Health Pulmonary Hypertension Center
Santa Barbara, California

Oksana Shlobin, M.D.
Inova Fairfax Hospital
Falls Church, Virginia

Table 1. Baseline Characteristics of the Study Cohort

Baseline Characteristics (n=869) Value

Age, yr 55.4616.0
Sex, n (%)
M 217 (25.0)
F 642 (73.9)
Other/unknown 10 (1.1)

Race/ethnicity, n (%)
White, non-Hispanic 582 (67.0)
Black, non-Hispanic 107 (12.3)
Hispanic 97 (11.2)
Asian 40 (4.6)
Other 43 (4.9)

Body mass index, kg/m2 (n=845) 29.467.2
WHO group I diagnosis, n (%)
Idiopathic PAH 344 (39.6)
Heritable PAH 23 (2.6)
Drug/toxin-induced PAH 103 (11.9)
CTD PAH 283 (32.6)
HIV-related PAH 15 (1.7)
Portopulmonary hypertension 57 (6.6)
CHD PAH 44 (5.1)

Baseline WHO functional class, n (%) (n=815)
I 58 (7.1)
II 289 (35.5)
III 411 (50.4)
IV 57 (7.0)

Six-minute-walk distance, m (n=744) 340 (253–425)
EmPHasis-10 score (n=853) 26 (16–34)
SF-12 physical score (n=854) 34.3 (30.0–38.5)
SF-12 mental score (n=854) 48.7 (42.2–54.6)
Baseline right heart catheterization
Right atrial pressure, mm Hg (n=826) 9.0 (5.0–13.0)
Mean pulmonary artery pressure, mm Hg
(n=843)

49 (40–58)

Pulmonary artery wedge pressure, mm Hg
(n=809)

11.0 (7.0–14.0)

Q̇, L/min (n=791) 4.0 (3.2–5.1)
Cardiac index, L/min/m2 (n=830) 2.2 (1.8–2.7)
Pulmonary vascular resistance, Wood units
(n=803)

9.0 (6.0–13.0)

PAH therapy use by drug class, n (%)
Phosphodiesterase-5 inhibitor 531 (61.1)
Endothelin receptor antagonist 374 (43.0)
Prostacyclin analog (inhaled) 25 (2.9)
Prostacyclin analog (oral) 36 (4.1)
Prostacyclin analog (parenteral) 129 (14.8)
Soluble guanylate cyclase stimulator 20 (2.3)

Definition of abbreviations: CHD=congenital heart disease; CTD=
connective tissue disease; PAH=pulmonary arterial hypertension; SF-12=The
Medical Outcome Study Short Form-12; WHO=World Heath Organization.
Summary statistics are presented as mean6SD if normally distributed or
as median (interquartile range) if skewed.
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Figure 1. Disease-specific quality-of-life scores and cumulative incidence of hospitalization over time. (A) Local polynomial smoothed plot of emPHasis-10
scores over follow-up time for COMPERA and REVEAL 2.0, with shaded areas representing 95% confidence intervals. Higher scores indicate a worse
HRQoL. (B) Cumulative incidence functions for hospitalization over follow-up time for COMPERA and REVEAL 2.0. The groups were stratified by low
(blue), intermediate (red), and high (green) risk. COMPERA=Comparative, Prospective Registry of Newly Initiated Therapies for Pulmonary Hypertension;
HRQoL=health-related quality of life; REVEAL=Registry to Evaluate Early and Long-Term PAH Disease Management.
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Radiographic Screening Reveals High Burden of
Silicosis among Workers at an Engineered Stone
Countertop Fabrication Facility in California

To the Editor:

Silicosis is a progressive and incurable, but preventable,
occupational respiratory disease caused by respirable crystalline
silica exposure. Over the past decade, outbreaks of silicosis have
been reported in several countries among workers who cut and
finish engineered stone slabs for countertops (1–3). Many affected
workers have been young, with rapidly progressive disease (4, 5).
Engineered stone is a composite material made of crushed
quartz bound together with polyester resins and pigments, with
significantly higher silica content than natural stone materials;
engineered stone typically contains .90% silica, compared with

,45% in granite and ,5% in marble (3, 6). Workers can be
exposed to markedly elevated levels of respirable crystalline silica
when cutting and finishing engineered stone materials (7, 8).

Approximately 98,000 people work in the stone fabrication
industry in the United States (9); however, systems for silicosis
surveillance and reporting are not well developed, and limited
information is available about disease prevalence among industry
workers. In early 2019, the California Department of Public Health
(CDPH) identified three cases of silicosis, including two fatalities,
among former workers at an engineered stone countertop
fabrication company (company A) (10). During a 2009 inspection
of company A, the California Division of Occupational Safety and
Health had measured respirable crystalline silica levels 22 times
higher than the permissible exposure limit of 0.1 mg/m3 in effect at
that time; in 2019, a repeat California Division of Occupational
Safety and Health inspection again identified inadequately
controlled silica dust exposures. We sought to determine
prevalence of silicosis and related risk factors among current
employees of this company. Some of the results of this investigation
have been previously reported in the form of an abstract (11).

At CDPH’s recommendation, company A provided silicosis
screening to all current employees working in stone fabrication areas
at the company’s two locations. Screening included spirometry and
chest radiography, with radiograph classification performed by a
National Institute for Occupational Safety and Health–certified B
Reader physician according to the International Labor Organization
(ILO) system for pneumoconioses (12). Medical and employment
records were reviewed by a CDPH physician, and silicosis was defined
as ILO classification of 1/0 or higher. Global Lung Function Initiative
reference values (13) were used to calculate lower limit of normal
values for FEV1, FVC, and FEV1/FVC ratio.

All 43 currently employed fabrication workers underwent silicosis
screening. All wereHispanicmen;median agewas 37 years (interquartile
range [IQR], 24–45 yr). Five employees (12%) had silicosis, with ILO
classifications of 1/0 for two employees, 1/1 for one employee, and 2/1
for two employees. Median age of employees with silicosis was 40 years
(IQR, 38–53 yr), and job tasks of these employees included cutting,
fabricating, and laminating stone slabs. Duration of employment was
available for 36 (84%) employees, including 4 with silicosis. Median
duration was 14.9 years among those with silicosis (IQR, 13.9–16.2 yr)
and 6.5 years among those without silicosis (IQR, 3.1–15.2 yr). Three
employees with silicosis had FEV1 and FVC less than the lower limit of
normal with normal FEV1/FVC ratio, a restrictive pattern typical of
silicosis; five employees with negative chest radiographs had similar
restrictive spirometry patterns.

This investigation provides the first estimate of silicosis prevalence
among a cohort of countertop fabrication workers in the United States.
The only prior estimate in this industry came from Queensland,
Australia, where the government began offering free silicosis screening to
current and former industry workers in 2018. As of May 2020, among
1,047 workers screened, 204 (19.5%) had been diagnosed with silicosis,
including 31 (2.9%) diagnosed with progressive massive fibrosis (14).

This investigation was subject to several limitations. First, chest
radiographs may not have been sufficiently sensitive to identify all
silicosis cases. Results from a series of 78 countertop fabrication
workers with silicosis demonstrated that 43% had normal chest
radiographs and were diagnosed instead by chest computed
tomographic (CT) imaging, which has been found to have higher
sensitivity for pneumoconioses (15, 16). Second, although the index
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