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Polycythemia vera (P. vera) is a myeloproliferative neo-
plasm (MPN) originating from the clonal expansion of
hematopoietic progenitor cells. The resulting increase in
cellular mass, and the heightened platelet-derived inflam-
mation and erythrocytic adhesion to the endothelium have a
direct effect on the intravascular flow and endothelial
microenvironment which may lead to vascular remodeling.1

Multiple different mechanisms are linked to P. vera-associ-
ated PH and distinguishing the pathophysiologic mecha-
nism is challenging. Correctly identifying pulmonary
arterial hypertension (PAH) has important clinical and ther-
apeutic implications. Small-scale studies and case series
provide the majority of evidence for the association
between MPN, PAH, and mortality. We aim to establish the
prevalence and association of PAH in patients with P. vera
using the Nationwide Inpatient Sample (NIS) database.
Methods

Data were obtained from the 2009 to 2010 NIS data-
bases. The NIS is the largest publicly available all�payer
inpatient care database in the United States. It is sponsored
by the Agency for Healthcare Research and Quality as a
part of the Healthcare Cost and Utilization Project. It con-
tains discharge�level data provided by states (n = 45 in
2010) that participate in the Healthcare Cost and Utilization
Project. The NIS includes data from approximately 8 mil-
lion hospital stays from about 1,000 hospitals designed to
approximate a 20% stratified sample of all community hos-
pitals in the United States. Criteria used for stratified sam-
pling of hospitals include hospital ownership, patient
volume, teaching status, urban or rural location, and geo-
graphic region. Inpatient hospital stays records in the NIS
include clinical and resource use information available
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from discharge abstracts derived from state�mandated hos-
pital discharge reporting. Discharge weights, provided for
each patient discharge record, were used to obtain national
estimates.

We used the International Classification of Diseases,
Ninth Edition, Clinical Modification (ICD�9�CM) code
238.4 to identify all patients ≥18 years of age with a dis-
charge diagnosis of P. vera (n = 38,395). Patients with a
concomitant diagnosis of PAH were identified using the
ICD�9�CM code 416.0. Patients were stratified into 2
groups: patients with P. vera and PAH, and patients with
PAH alone (without P. vera). Baseline patient characteris-
tics including demographics (age, gender) and other clini-
cally relevant co-morbidities such as diabetes mellitus,
hypertension, current and previous tobacco use, previous
history of any cancer, previous history of pulmonary embo-
lism, chronic kidney disease, and chronic lung disease were
identified using their corresponding ICD�9�CM codes.
Clinical in-hospital outcomes such as in-hospital mortality
were identified among both the groups.

Categorical variables were presented as percentage, and
continuous variables as mean § standard deviation (SD) for
normally distributed variables and median (IQR) for others.
Weighted data were used for all analyses. We used the
Mantel-Haenszel chi-square test of linear association for
categorical variables and linear regression for continuous
variables to examine if there were significant differences
between the groups. Unadjusted and multivariate adjusted
logistic regression analyses were performed to determine if
presence of P. vera predicted PAH after adjusting for demo-
graphic, and other clinically relevant confounding risk fac-
tors. p <0.05 was considered statistically significant.
Statistical analysis was performed using STATA 14.0 MP
(Stata Statistical Software: Release 14; StataCorp LP, Col-
lege Station, TX).
Results

The prevalence of P. vera was 0.1% (n = 38,395 patients)
of all hospital discharge records. PAH was more prevalent
in patients with P. vera compared with the control popula-
tion (7.9% vs 1.9%, p <0.0001). Patients with P. vera and
PAH were younger (63.9 § 0.1 vs 70.9 § 0.04 years; p
<0.001) and were more likely to be male (45% vs 61%; p
<0.0001) compared with patients with PAH alone. Patients
with P. vera and PAH had increased prevalence of risk fac-
tors associated with pulmonary hypertension (PH) such as
hypertension (61% vs 46%; p <0.0001), tobacco use
(25.6% vs 12.8%; p <0.0001), previous history of
www.ajconline.org
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pulmonary embolism (2.2% vs 0.8%; p <0.0001), chronic
lung disease (5.9% vs 1.4%; p <0.0001) and chronic kidney
disease (12.3% vs 8.4%; p <0.0001). There was no signifi-
cant difference in previous history of malignancy between
the 2 groups (1.7% vs 1.6%; p = 0.44; Table 1). Inpatient
mortality was higher in P. vera and PAH group compared
with those without P. vera (6.9% vs 4.9%, p = 0.02).

The presence of P. vera was a determinant of PAH in
unadjusted analysis (odds ratio 4.4 [4.1 to 4.8]; p <0.001).
After adjusting for age, gender, race, diabetes, tobacco use,
previous history of tumor, previous history of pulmonary
embolism, chronic lung disease, and chronic kidney dis-
ease, P. vera was associated with a higher risk of PAH
(2.98 [2.7 to 3.2], p <0.001; Table 2). There was a greater
risk for in-patient mortality in patients with P. vera and
PAH compared with patients with PAH without associated
P. vera (3.6% vs 2.2%, p <0.0001). Risk for in-hospital car-
diac arrest was also higher in the PAH and P. vera group
(0.6% vs 0.45%, p = 0.001).
Discussion

The rationale for our study was to determine the preva-
lence of PAH in the P. vera population, potential associated
risk factors, and inpatient clinical outcomes. In our analysis,
the prevalence of PAH in patients with P. vera was higher
compared with the general population, and P. vera was
associated with nearly a 3-fold higher risk for PAH after
adjusting for several risk factors for PH.

P. vera is a type of MPN resulting in erythropoietin-inde-
pendent red cell proliferation and, to a lesser extent, leuko-
cyte and megakaryocyte expansion. Several mechanisms of
P. vera-associated PH have been described, but the precise
pathophysiologic process has not been clearly defined. The
increased red cell mass is associated with hyperviscosity,
increased intravascular blood flow turbulence, and the for-
mation of adhesive cellular aggregates. These microvascu-
lar disturbances facilitate platelet and endothelial cell
Table 1

Demographics and risk factors in patients with polycythemia vera

Variable P. vera

n = 38,395

(0.1%)

No P. vera

n = 39,395,521

(99.9%)

p value*

Pulmonary arterial hypertension 0.3% 0.05% <0.0001
Demographic factors

Age (years) 65.2§0.1 57§0.01 <0.001
Female 42.2% 57.8% <0.0001
In-hospital clinical outcomes

In-hospital death 3.6% 2.2% <0.0001
Cardiac arrest 0.6% 0.45% 0.01

Risk factors

Diabetes mellitus 18.6% 17.8% 0.09

Smoker 25.6% 12.8% <0.0001
Hypertension 61.4% 46% <0.0001
Prior history of tumor 1.7% 1.6% 0.44

Prior history of PE 2.2% 0.8% <0.0001
Chronic lung disease 5.9% 1.4% <0.0001
Chronic kidney disease 12.3% 8.4% <0.0001

P. vera = polycythemia vera; PE = pulmonary embolism.

* p value calculated by chi-square test for categorical variables and t test

for continuous variables.
activation, and prompt the release of platelet-derived
inflammatory cytokines, growth factors, and endothelial
procoagulant factors leading to vascular remodeling, pro-
motion of angiogenesis, and ultimately PAH.2,3 Other
causes of polycythemia, such as Chuvash polycythemia
(caused by a von Hippel-Lindau gene mutation), have been
linked to the development of PAH. Although the precise
mechanism of PAH is not fully understood, the overexpres-
sion of inflammatory cytokines and vascular smooth muscle
remodeling have been proposed as contributing events.4

The prothrombotic phenotype of P. vera is attributed to the
allele burden of Janus Kinase 2 (JAK2) V617F, excessive
leukocyte and erythrocyte mass and platelet activation.5−7

The vascular insult arising from the microvascular pro-
thrombotic milieu causes small-vessel thrombosis,
increased pulmonary vascular resistance and subsequent
PH.8 The elevated hematocrit also increases the pulmonary
vascular resistance offering a contributing process for the
development PH in this population.9

The incidence and prevalence of PAH in patients with
MPN, especially in patients with P. vera are challenging to
define due in part to the low prevalence of P. vera (approxi-
mately 22 per 100,000 residents), and the limited data avail-
able from small case series and single-center experiences.10

Gupta et al identified 28 patients with MPN who underwent
echocardiographic evaluation for PAH, defined as a right
ventricular systolic pressure >35 mm Hg.11 The prevalence
of PAH in this study was 48%, of which only 5 patients had
P. vera. A retrospective study of 24 patients with MPN (2
with P. vera) reported a prevalence of 41.7%.12 A recent
prospective analysis of 158 patients with MPN by Brabrand
et al describes a prevalence of 3.8%, much lower than pre-
viously reported.13 These studies combine all MPN, thus
providing a limited description of the burden of PAH in P.
vera alone.

PAH is an important risk factor for poor outcomes across
a spectrum of chronic diseases, but it is less recognized as
an important comorbid condition in patients with MPN.
Pulmonary hypertension can be classified into 5 distinct
groups according to the 2016 World Health Organization—
group 1, PAH; group 2, secondary to left heart disease or
failure; group 3, secondary to underlying pulmonary dis-
eases; group 4, chronic thromboembolic PH; and group 5, a
miscellaneous group comprising multifactorial disease pro-
cesses which do not fit seamlessly into the previous catego-
ries.14 MPN-associated PH has historically been included
in the latter group. The multifactorial pathophysiologic and
hemodynamic mechanisms of PH in MPN not only chal-
lenge optimal classification of P. vera-associated PH, it also
limits the therapeutic targets in this population.15
Table 2

Unadjusted and multimodel-adjusted regression analysis of polycythemia

vera in predicting the risk of pulmonary arterial hypertension

Model* Odds ratio p value

Unadjusted 4.4 (4.1-4.8) <0.001
Multivariate adjusted 2.98 (2.7-3.2) <0.001

*Model adjusted for age, gender, race, diabetes mellitus, hypertension,

tobacco use, previous history of any tumor, previous history of pulmonary

embolism, chronic lung disease, and chronic kidney disease.
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Untreated PAH is associated with a high risk of death
from ensuing right heart failure.16 If left unrecognized and
untreated, it may lead to a decline in functional status and
overall quality of life. Approximately, 15% of patients with
PAH die within the first year of diagnosis17; the 2-year mor-
tality from PH in sickle cell disease patients is approxi-
mately 55%, as reported in a 2003 study.18 Pulmonary
hypertension due to other etiologies are equally burdened
with an unacceptably high rate of death. However, the mor-
tality associated with MPN, specifically P. vera has not yet
been evaluated on a large-scale platform. Screening for PH
is generally not recommended in patients with P. vera as it
is for sickle cell disease.19 Nevertheless, there may be a
role for screening selected patients at higher risk.

To the best of our knowledge, this is the largest analysis
demonstrating the association between PAH and P. vera as
derived from the NIS. Despite the large sample size and
nationally diverse cohort, our study has several important
limitations. The NIS database provides details from a single
inpatient hospitalization. This precludes any follow-up
analysis regarding long-term morbidity and mortality as
well as establishing causality. Additionally, these data rep-
resent an administrative discharge abstract, excluding many
crucial laboratory values—hematocrit level, leukocyte and
platelet counts, mutation testing, erythropoietin levels. The
absence of diagnostic test results (echocardiogram and
right-heart catheterization) prohibits us from confirming the
diagnosis of PAH and differentiating those cases of PH
caused by elevated pulmonary artery pressure and other eti-
ologies. The inpatient focus of NIS data excludes patients
with P. vera and PAH treated in the outpatient setting,
admitted under observation status or discharged from the
emergency department.

In conclusion, P. vera is associated with an increased
prevalence of PAH compared with the general population.
It was also found to be an independent predictor of PAH
after accounting for other risk factors. Patients with P. vera
and PAH have an increased risk for inpatient mortality and
in-hospital cardiac arrest compared with those without P.
vera. Large-scale studies of patients with P. vera are essen-
tial to better describe the mechanisms of PAH, evaluate
potential risk factors, and ultimately improve patient out-
comes.
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