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Abstract

We used a US‐based administrative claims database to determine associations

between annual household income and the likelihood of right heart

catheterization (RHC) among individuals with pulmonary hypertension.

Those with annual household income < $40,000 were 19% less likely to

receive RHC compared to individuals with annual household income ≥
$100,000 (p< 0.0001).
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INTRODUCTION

Pulmonary hypertension (PH) encompasses multiple
disease states, each with distinct pathophysiology, hemo-
dynamic characteristics, and response to treatment.1 The
World Symposium on Pulmonary Hypertension (WSPH)
classifies PH into pulmonary arterial hypertension (PAH,
Group 1); PH due to left heart disease (Group 2); PH due
to lung diseases and/or hypoxia (Group 3); PH due to
pulmonary artery obstructions (Group 4); and PH with
unclear and/or multifactorial mechanisms (Group 5).2

Accurate classification is critical, as prognosis and
treatment differ by WSPH Group.

Early diagnosis of PAH, specifically, has been
associated with improved long‐term survival.3 However,

the diagnosis is commonly delayed or missed.4 In one
study, the mean time from symptom onset to diagnosis
was 47 ± 35 months.5 For Groups 2 and 3 PH, accurate
diagnosis is likewise essential due to harms associated
with use of vasodilators.6–8 Finally, a definitive diagnosis
of Group 4 PH is important because thromboendarter-
ectomy can be curative.9

Current guidelines provide a diagnostic algorithm for
individuals with clinical history and echocardiographic
findings consistent with PH.10 Recommended tests
include pulmonary function testing, chest computed
tomography, and ventilation/perfusion scan, among
others. Right heart catheterization (RHC) provides
definitive hemodynamic measurements and is the gold
standard for classifying PH by the WSPH Group.
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Despite available guidelines, many individuals on
vasodilators for PH have never received the requisite
RHC.1 The reasons for this gap in care are unclear.
However, there is increasing evidence that social factors
are associated with and may drive outcomes in PH. For
example, lower annual household income correlates with
a worse functional class at diagnosis, suggesting indivi-
duals with lower income are diagnosed with more severe
disease.11 Rural residence has also been linked with an
elevated risk of mortality, independent of neighborhood
poverty.12 It is unknown whether socioeconomic factors
relate to use of appropriate diagnostic testing, such
as RHC.

We used a nationally representative database of
deidentified, aggregated, commercial, and Medicare
Advantage health claims to evaluate associations
between annual household income and the likelihood
of RHC among individuals with PH. Specialist follow‐up
was included as a secondary outcome.

METHODS

Data were obtained from Optum's De‐identified Clinfor-
matics® Data Mart Database, a US–based database
containing inpatient, outpatient, emergency department,
and pharmacy claims from individuals with commercial
insurance and Medicare Advantage. Informed consent is
waived because data are deidentified. Claims data
include ICD‐9 and ICD‐10 diagnosis and procedure
codes; Current Procedural Terminology (CPT), Version
4 procedure codes; Healthcare Common Procedure
Coding System procedure codes; and site of service codes.

Individuals were identified as having PH by ≥1
inpatient or outpatient medical claim containing an
ICD‐9 or ICD‐10 code for PH (Supporting Information:
Table 1) from January 1, 2015 to December 31, 2019.
Individuals were included if they had continuous health
plan enrollment with medical benefits for ≥6 months
before the index diagnosis of PH. To capture incident
disease, we excluded anyone with a diagnosis of PH in
the calendar year before the index diagnosis of PH. This
process yielded a sample of 404,389 individuals. We
excluded those who underwent RHC ≤ 12 months before
diagnosis (n= 1085), were under age 18 (n= 809), had
missing/unknown income (n= 82,269) or sex (n= 55), or
had <30 days continuous enrollment (n= 12,658).

Annual household income was acquired through
Optum, which sources income data from AmeriLINK
Consumer Marketing Database. AmeriLINK data is
based on monthly surveys of >30,000 households
considered to be a representative cross‐section of the
US population as previously described.13 Data are

informed by 130 variables including ZIP + 4, Internal
Revenue Service data, home value at the address level,
aggregated credit, and short‐term loans. Annual house-
hold income is categorized as < $40,000, $40–$49,999,
$50–$59,999, $60–$74,999, $75–$99,999, and ≥ $100,000.

We identified RHC (CPT code 93451, ICD‐9 code
37.21, ICD‐10 code 4A023N6) performed after the index
diagnosis of PH. Procedure codes were limited to those
that describe RHC without left heart catheterization.
Specialist visits were defined by outpatient encounters
with pulmonologists or cardiologists identified using
Optum‐specified provider codes.

Age, sex, and insurance type were available at the
individual level based on insurance enrollment. Race and
ethnicity were imputed based on a validated algorithm
using the individual name and nine‐digit ZIP codes.
Racial categories included Asian, Black, Hispanic, and
White. Education level was determined from US Census
data at the nine‐digit‐ZIP + four‐code level, classified as
<12th grade, high school diploma, some college, or
≥bachelor's degree. Comorbidities were identified by
ICD‐9 and ICD‐10 codes (Supporting Information:
Table 1) from inpatient and outpatient claims before
the index diagnosis of PH. These included Elixhauser
comorbidities,14 hyperlipidemia, interstitial lung disease,
and tobacco use.

Data set enrollment was the date of the first
diagnostic code for PH. We calculated incidence of
RHC from index diagnosis to the end of continuous
enrollment. Individuals were censored at RHC or end of
continuous enrollment, whichever came first.

Multivariable‐adjusted Cox proportional hazards
models were used to calculate hazard ratios (HR) for
RHC by annual household income relative to ≥ $100,000.
We employed stepwise multivariable adjustment to
determine associations between annual household
income and RHC using three models adjusting for age,
sex, and race and ethnicity (Model 1); Model 1 plus
comorbidities (Model 2); and Model 2 plus educational
attainment and insurance type (Model 3). Relevant
Elixhauser comorbidities were determined by stepwise
model selection with a p value of 0.2 for entry and
removal.

Statistical analyses were performed using SAS soft-
ware version 9.4 (SAS Institute). The threshold for
statistical significance was p< 0.05.

RESULTS

The final cohort included 307,513 individuals (mean age
74.5 ± 11.5 years, 57.3% women). Race was predomi-
nantly White (71.9%), followed by Black (13.5%),
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Hispanic (10.1%), and Asian (2.4%). Most individuals had
<bachelor degree (55.5%), followed by high school
diploma (30.9%), ≥bachelor degree (13%), and <12th
grade (0.5%). A majority were Medicare beneficiaries
(85.4%). The lowest income bracket contained a greater
proportion of women (Supporting Information: Table 2).
Median follow‐up was 21 months (interquartile range
10–36 months), and the incidence of RHC was 2.9%.
Supporting Information: Table 3 summarizes rates of
RHC and specialist visits by income.

We observed a direct association between income and
the likelihood of RHC (Table 1). After full multivariable
adjustment (Model 3), incidence of RHC was 19% lower
for individuals with annual household income < $40,000
relative to ≥ $100,000 (HR 0.81, 95% confidence inter-
val [CI] 0.76–0.87, p< 0.0001). In this model, individuals
with annual household income < $40,000 relative to ≥
$100,000 were 14% less likely to have outpatient
pulmonology follow‐up (HR 0.86, 95% CI 0.85–0.88,
p< 0.0001) and 4% less likely to have outpatient
cardiology follow‐up (HR 0.96, 95% CI 0.95–0.97,
p< 0.0001).

We performed a subgroup analysis evaluating the
incidence of RHC by race and ethnicity and found that
Hispanic and White individuals with annual household
income < $40,000 relative to ≥ $100,000 were signifi-
cantly less likely to undergo RHC (Supporting Informa-
tion: Table 4).

DISCUSSION

Using a large, nationally representative claims database,
we observed direct associations between annual house-
hold income and the likelihood of RHC among
individuals with PH. After multivariable adjustment,
individuals with annual household income < $40,000
were significantly less likely to receive RHC and
specialist follow‐up compared to those with annual
household income ≥ $100,000.

Our findings are consistent with a robust body of
literature demonstrating associations between socio-
economic status, access to care, and cardiovascular
outcomes.13,15–19 One study demonstrated that, among
individuals with PH, lower income was associated with
increased disease severity at diagnosis; however, these
individuals had all undergone RHC.11 The study did not
include those who may have needed but did not receive,
RHC. The authors hypothesized that access to primary
and subspecialty care underlay differences in disease
severity by income level, consistent with our finding that
individuals in the lowest versus highest income group
were less likely to receive specialist follow‐up.T

A
B
L
E

1
H
az
ar
d
ra
ti
o
an

d
95
%

co
n
fi
de

n
ce

in
te
rv
al
s
fo
r
ri
gh

t
h
ea
rt

ca
th
et
er
iz
at
io
n
w
it
h
th
re
e
m
od

el
s
ad

ju
st
in
g
fo
r
co
va
ri
at
es

<
$4
0,
00
0
(n

=
11
1,
43
8)

$4
0,
00
0–
$4
9,
99
9
(n

=
29
,2
23
)

$5
0,
00
0–
$5
9,
99
9
(n

=
30
,2
30
)

$6
0,
00
0–
$7
4,
99
9
(n

=
36
,9
55
)

$7
5,
00
0‐
$9
9,
99
9
(n

=
44
,8
40
)

$
≥
10
0,
00
0

(n
=
54
,8
27
)

R
ig
h
t
h
ea
rt

ca
th
et
er
iz
at
io
n

M
od

el
1

0.
86

(0
.8
1–
0.
92
),
p
<
0.
00
01

0.
92

(0
.8
4–
1.
0)
,
p
=
0.
04

0.
88

(0
.8
1–
0.
96
),
p
=
0.
00
3

0.
97

(0
.9
0–
1.
05
),
p
=
0.
49

1.
05

(0
.9
8–
1.
12
),
p
=
0.
20

R
ef

M
od

el
2

0.
76

(0
.7
1–
0.
81
),
p
<
0.
00
01

0.
84

(0
.7
7–
0.
91
),
p
<
0.
00
01

0.
82

(0
.7
5–
0.
89
),
p
<
0.
00
01

0.
91

(0
.8
5–
0.
99
),
p
=
0.
02

1.
00

(0
.9
3–
1.
07
),
p
=
0.
98

R
ef

M
od

el
3

0.
81

(0
.7
6–
0.
87
),
p
<
0.
00
01

0.
89

(0
.8
1–
0.
97
),
p
=
0.
00
7

0.
86

(0
.7
9–
0.
94
),
p
=
0.
00
1

0.
95

(0
.8
8–
1.
03
),
p
=
0.
24

1.
03

(0
.9
6–
1.
11
),
p
=
0.
38

R
ef

P
u
lm

on
ol
og
is
t
fo
llo

w
‐u
p

M
od

el
1

0.
98

(0
.9
6–
0.
99
),
p
=
0.
01

0.
99

(0
.9
6–
1.
01
),
p
=
0.
36

0.
98

(0
.9
6–
1.
01
),
p
=
0.
20

1.
01

(0
.9
9–
1.
04
),
p
=
0.
38

1.
05

(1
.0
3–
1.
08
),
p
<
0.
00
01

R
ef

M
od

el
2

0.
85

(0
.8
4–
0.
87
),
p
<
0.
00
01

0.
90

(0
.8
7–
0.
92
),
p
<
0.
00
01

0.
91

(0
.8
8–
0.
93
),
p
<
0.
00
01

0.
95

(0
.9
2–
0.
97
),
p
<
0.
00
01

1.
01

(0
.9
9–
1.
03
),
p
=
0.
46

R
ef

M
od

el
3

0.
86

(0
.8
5–
0.
88
),
p
<
0.
00
01

0.
91

(0
.8
8–
0.
93
),
p
<
0.
00
01

0.
91

(0
.8
9–
0.
94
),
p
<
0.
00
01

0.
95

(0
.9
3–
0.
98
),
p
=
0.
00
01

1.
01

(0
.9
9–
1.
04
),
p
=
0.
32

R
ef

C
ar
di
ol
og
is
t
fo
llo

w
‐u
p

M
od

el
1

0.
98

(0
.9
7–
0.
99
),
p
=
0.
00
1

0.
98

(0
.9
63
–1
.0
0)
,
p
=
0.
01

0.
98

(0
.9
6–
1.
00
),
p
=
0.
01

1.
03

(1
.0
2–
1.
05
),
p
<
0.
00
01

1.
03

(1
.0
2–
1.
05
),
p
<
0.
00
01

R
ef

M
od

el
2

0.
96

(0
.9
5–
0.
97
),
p
<
0.
00
01

0.
97

(0
.9
5–
0.
98
),
p
<
0.
00
01

0.
97

(0
.9
6–
0.
99
),
p
=
0.
00
07

1.
02

(1
.0
0–
1.
04
),
p
=
0.
01

1.
02

(1
.0
1–
1.
04
),
p
=
0.
00
1

R
ef

M
od

el
3

0.
96

(0
.9
5–
0.
97
),
p
<
0.
00
01

0.
96

(0
.9
5–
0.
98
),
p
<
0.
00
01

0.
97

(0
.9
5–
0.
99
),
p
=
0.
00
06

1.
02

(1
.0
0–
1.
03
),
p
=
0.
03

1.
02

(1
.0
1–
1.
04
),
p
=
0.
00
4

R
ef

PULMONARY CIRCULATION | 3 of 5



There are several potential explanations for the
association between annual household income and
RHC. Lower‐income has been linked with reduced
access to preventive and specialty care.20–22 Additionally,
low income might force individuals to prioritize other
necessities over healthcare, particularly when facing
structural barriers like limited transportation or inability
to take time off work. Finally, low socioeconomic status
has been associated with negative perceptions and
provider biases,23 which could contribute to providers'
decisions about whether to pursue RHC.

We describe access to diagnostic testing at a time
when new treatments have demonstrated benefit for
multiple clinical endpoints in PH.10,24 For example, a
recent trial demonstrated that among individuals with
Group 3 PH confirmed by RHC, treatment with inhaled
treprostinil was related to improved exercise capacity and
reduced likelihood of clinical worsening.25 In addition,
experts recently recommended expanding indications for
RHC to improve the early detection of PAH.4 Thus, while
the incidence of RHC was low, we anticipate RHC will be
used more frequently in the coming years.

Additional strengths include the use of a nationally
representative database with a geographically and
racially diverse composition. Our data are an important
addition to literature from single‐center studies, which
may be affected by geographical differences and referral
center selection bias.

Our study has several limitations. First, the claims
database does not include those who are uninsured or
covered by Medicaid. Thus, our study likely under-
estimates associations between annual household
income and receipt of specialist care and RHC. Second,
there are inherent limitations to using diagnostic coding
for cohort selection, which can lead to mis-
classification.26 Additionally, the claims database does
not supply the clinical data needed to determine how
someone was diagnosed with PH. Finally, we recognize
that, in practice, many clinicians do not pursue invasive
testing if it is not expected to change management.
However, our study was not designed to describe the
process by which clinicians decide to order RHC.

In conclusion, for individuals with PH, those with the
lowest annual household income were significantly less
likely to receive RHC and specialist follow‐up compared
to those with the highest annual household income. Our
findings suggest that, among individuals with low annual
household incomes, there are missed opportunities for
diagnosis and treatment.
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