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Abstract

Pulmonary arterial hypertension (PAH) is characterized by obstruction of pre-capillary pulmonary arteries, which leads to sus-

tained elevation of pulmonary arterial pressure. Identifying those at risk through early interventions, such as genetic testing, may

mitigate disease course. Current practice guidelines recommend genetic counseling and offering genetic testing to individuals with

heritable PAH, idiopathic PAH, and their family members. However, it is unclear if PAH specialists follow these recommendations.

Thus, our research objective was to determine PAH specialists’ knowledge, utilization, and perceptions about genetic counseling

and genetic testing. A survey was designed and distributed to PAH specialists who primarily work in the USA to assess their

knowledge, practices, and attitudes about the genetics of PAH.

Participants’ responses were analyzed using parametric and non-parametric statistics and groups were compared using the

Wilcoxon rank sum test. PAH specialists had low perceived and actual knowledge of the genetics of PAH, with 13.2% perceiving

themselves as knowledgeable and 27% actually being knowledgeable. Although these specialists had positive or ambivalent attitudes

about genetic testing and genetic counseling, they had poor utilization of these genetic services, with almost 80% of participants

never or rarely ordering genetic testing or referring their patients with PAH for genetic counseling. Physicians were more know-

ledgeable, but had lower perceptions of the value of genetic testing and genetic counseling compared to non-physicians (P< 0.05).

The results suggest that increased education and awareness is needed about the genetics of PAH as well as the benefits of genetic

testing and genetic counseling for individuals who treat patients with PAH.

Keywords

pulmonary arterial hypertension, genetics, genetic counseling, genetic testing

Date received: 12 January 2017; accepted: 27 February 2017

Pulmonary Circulation 2017; 7(2) 372–383

DOI: 10.1177/2045893217700156

Introduction

Pulmonary arterial hypertension (PAH) is a progressive dis-
order associated with high pulmonary artery pressure that
has potential to cause right ventricular failure and death.1,2

Two subgroups of PAH are idiopathic PAH (IPAH) and
heritable PAH (HPAH). PAH is considered heritable
when there is at least one other family member who has
or has had PAH or when a germline mutation is found in

one of a number of known PAH risk genes including, but
not limited to, BMPR2, ACVRL1, ENG, SMAD9, CAV1,
and KCNK3.3–12 An individual is considered to have IPAH
when there is neither an identified contributing risk factor
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nor family history of PAH.13,14 However, it has been found
that upwards of 20% of those diagnosed with IPAH have
identifiable germline mutations in a known risk gene and
thus should be classified as HPAH.2,15

Through the use of genetic services, individuals at risk for
PAH have the option to undergo pre-symptomatic genetic
testing, begin clinical screening for the disease if necessary,
and can make reproductive choices better suited for them-
selves and their families.16–18 All of these options could be
a financial burden on a family. Clinicians may be better able
to justify screening recommendations to health insurance
companies for asymptomatic individuals with a predisposing
genetic mutation for PAH than without genetic information.
In the USA, the Genetic Information Nondiscrimination Act
protects its citizens from discrimination in employment as
well as cost and coverage of health insurance.19

As early interventions have the potential to mitigate the
disease course, current practice guidelines from the
American College of Chest Physicians, in addition to
other literature, recommend genetic testing and genetic
counseling to individuals with HPAH, IPAH, and their
family members.20–25 However, it is unclear if clinicians,
specifically in the USA, follow these guidelines and recom-
mendations that have been in existence for over ten
years.20,26–28 Thus, it is important to determine not only
the referral rates to genetic services (counseling and testing)
but also to determine the reasons why physicians may not
refer. There have been nearly 600 papers published about
the genetics of PAH between 2010 and 2014, but it is unclear
whether PAH specialists remain current in the dynamic field
of genetics. Thus, the objective of this research is to deter-
mine the utilization, knowledge, and perceptions about gen-
etic counseling and genetic testing of PAH specialists.

Methods

The survey created for this project was approved by the
Institutional Review Board of Cincinnati Children’s
Hospital Medical Center. Consent was assumed by partici-
pants returning the survey or by submitting the survey
online.

Participants and distribution

Clinicians, healthcare coordinators, and researchers (PAH
specialists) who are involved with patients with PAH were
invited to complete the paper survey at the 2014 Pulmonary
Hypertension Association (PHA) International PH
Conference and Scientific Sessions from June 20th–22nd
and also through a REDcap electronic survey sent to
members of the Pulmonary Hypertension Clinicians and
Researchers (PHCR) and the Pulmonary Hypertension
Professional Network via an email listserv. Individuals who
returned a survey were given a $15 gift card. Only surveys
with the majority (� 51%) of questions completed were
included in the analysis, leading to the removal of 12 surveys.

Survey content

A custom 32-question survey (see Appendix 1) was designed
to assess participants’ current attitudes and practices of gen-
etic counseling and genetic testing for PAH, knowledge on
the genetics of PAH, and demographics. Physicians who
treat patients with PAH reviewed and edited the survey
before distribution. It comprised 14 Likert scale (10
point), 13 multiple-choice, four free-text, and one rank-
order questions. A Likert scale is a common tool used to
evaluate variables that are continuous in nature.29 In this
study, the Likert scale questions were designed to quantify
the participants’ attitudes and practices about genetic coun-
seling, genetic testing, and perceived knowledge about the
genetics of PAH. The multiple-choice questions were used to
discover the participants’ practices of genetic counseling and
genetic testing as well as their demographics and knowledge
about the genetics of PAH. The rank-order question allowed
participants to rank six options from most important to
least important regarding what would lead them to order
genetic testing for PAH more frequently.

Statistical analysis

JMP version 9 statistical software was used to analyze the
data collected. Results were analyzed descriptively with cat-
egorical data reported as percentages and frequencies, con-
tinuous data reported as mean� standard deviations, and
non-parametric data reported as medians and interquartile
ranges (IQR). As Likert responses were not normally dis-
tributed, non-parametric statistics were used. Spearman’s
rank correlation coefficient was used to find relations
between frequencies and attitudes. Comparison of groups
was performed with the Wilcoxon rank-sum test.

Results

Participants

The demographic data of the participants whose surveys
were at least 51% complete are shown in Table 1. There
were 223 participants after the removal of 12 due to incom-
pleteness with a mean age of 44.6 years� 10.1. More than
99% of the participants practice medicine or work in the
United States. The mean length time caring for patients
with PAH was 8.6� 7.4 years (range< 1–35 years). Of our
respondents, 46.2% were physicians, 28.8% were nurses,
5.5% were healthcare coordinators, 4.1% were researchers,
and 15.4% responded as ‘‘other specialty.’’ Of the 15.4%,
many were pharmacists, but also included physician assist-
ants and other support staff. Eighty-seven percent of par-
ticipants listed their primary specialty as Pulmonology or
Cardiology. The remaining 13% primarily listed their spe-
cialty as both Cardiology and Pulmonology, Pharmacy,
or Internal Medicine. One hundred and eighty-five (83%)
participants completed the survey onsite at the PHA
International PH Conference and Scientific Sessions.
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Due to the manner in which the study was administered, the
response rate was unable to be determined.

Knowledge of the genetics of PAH is low

Five survey questions were used to gauge the participants’
understanding of the genetics of PAH. When asked how
knowledgeable they considered themselves on the genetics
of PAH, only 13.2% felt that they were knowledgeable (8 or
higher on the Likert scale) (Fig. 1a and b). Physicians (Fig.
1a) perceived themselves to be significantly more know-
ledgeable than non-physicians (Fig. 1b) with a median
Likert score of 5 (IQR¼ 3.5–7) compared to non-physicians

who responded with a median Likert score of 3 (IQR¼ 2–5)
(P< 0.0001). The participants were given four questions to
directly test their knowledge with only 27% of all respond-
ents correctly answering three or more questions (high
actual knowledge). Fig. 1c and d show how the high
actual knowledge for physicians and non-physicians,
respectively, compared to the perceived knowledge while
Fig. 1e and f show the low actual knowledge as compared
to perceived knowledge for the two subgroups. Of the phys-
icians, 43.6% (45/103) answered three out of the four ques-
tions correctly which is significantly more than the 13.3% of
non-physician participants (16/120) who answered three out
of the four questions correctly (P< 0.0001).

Table 1. Demographics of participants.

Characteristics Statistics

n 223

Age (mean years� SD) 44.6� 10.1

Sex

Female (%) 62.2

Male (%) 37.8

Race

White (%) 80.7

Asian (%) 11.5

Black or African American (%) 4.1

Other (%) 3.7

Clinical role

Physician (%) 46.2

Pulmonologists (%) 76.8

Cardiologists (%) 23.2

Nurse (%) 28.8

Coordinator (%) 5.5

Researcher (%) 4.1

Other (%) 15.4

Primary specialty

Pulmonology (%) 60.1

Cardiology (%) 26.6

Other (%) 13.3

Years since earning most advanced degree (mean� SD) 15.5� 10.5

Years caring for patients with PAH (mean� SD) 8.6� 7.4

Type of hospital or clinic currently practicing in

Academic medical center (%) 68.5

Private practice (%) 11.9

Public hospital or clinic (%) 8.2

Other (%) 11.4

Currently practicing in the United States (%) 98.2

Completed the survey

At PHA conference (%) 83

Online (%) 17

SD, standard deviation.

Fig. 1. Participants’ perceived and actual knowledge about the gen-

etics of PAH. Perceived knowledge was generally low to moderate

with more than 50% of the respondents having a perceived knowledge

of 5 or less (a, b) with perceived knowledge less in non-physicians (b)

than in physicians (a). However, among all respondents, individuals who

got at least 75% of the objective questions correct (high actual

knowledge) had significantly (P< 0.0001) higher perceived knowledge

(median¼ 6, IQR¼ 4–7.8) than individuals who answered less than

75% of the objective questions correct (low actual knowledge)

(median¼ 3, IQR¼ 2–5). There were some individuals who exhibited

disparities between perceived and actual knowledge (e.g. low per-

ceived but high actual and high perceived but low actual. For example,

over 20% of physicians with low actual knowledge had a perceived

knowledge of 8 or higher (e). On the other hand, over 30% of non-

physicians with high actual knowledge had a perceived knowledge of 3

or less (d). Physicians (a, c) had a higher perceived and actual know-

ledge when compared to non-physicians (b, d).
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PAH specialists have poor practice patterns but positive
attitudes about genetic counseling and genetic testing

The majority (79.1%) of participants responded that they
never or rarely (3 or lower on the Likert scale) refer their
patients with PAH to a genetic counselor (Fig. 2). The two
most common reasons for not referring their patients with
PAH to genetic counselors were: (1) insurance companies
not covering the cost; and (2) lack of access to genetic coun-
selors at the participants’ institution. Of those who never
refer their patients with PAH to genetic counselors, 20%
feel this service is not indicated. Of those who do refer
their patients to genetic counselors, the most common rea-
sons were either the patient having a family history of PAH

and/or the patient having a diagnosis of HPAH (Fig. 3).
Over half of the participants (53%) stated that genetic coun-
seling should always or almost always (8 or high on the
Likert scale) be offered along with genetic testing.

To understand the relationship between referral fre-
quency and attitudes towards genetic counseling, correlation
analyses were performed (Fig. 4a). Patients inquiring about
genetic counseling was the most strongly correlated factor
(�¼ 0.54, P< 0.0001) associated with genetic counseling
referral frequency. This was followed by respondents view-
ing genetic counseling as an important component to med-
ical management (�¼ 0.38, P< 0.0001).

The majority (79.2%) of participants stated that they
never or rarely (3 or lower on the Likert scale) order genetic
testing (Fig. 2). The two most common reasons they do not
order genetic testing were: (1) insurance companies not cov-
ering the cost; and (2) the tests being too expensive (Fig. 5).
Nearly half (42.6%) of all survey participants completely
disagreed that genetic testing can be offered without genetic
counseling (1 on the Likert scale) with another 36.6%
mostly disagreeing (2 or 3 on the Likert scale).
Approximately 25% of the participants do not recommend
genetic services because they do not feel it is necessary or
warranted. The survey did not allow the reasons for this
belief to be explored.

Correlation analyses were performed to identify relation-
ships between the frequency that genetic testing for PAH is
ordered and participants’ attitudes about genetic testing
(Fig. 4b). Similar to the genetic counseling results, patients
inquiring about genetic testing was the most strongly corre-
lated factor associated with genetic testing ordering fre-
quency (�¼ 0.46, P< 0.0001). This was followed by
respondents viewing genetic testing for PAH as an import-
ant component to medical management (�¼ 0.32,
P< 0.0001).

Fig. 3. Participants’ reasons for and for not referring their patients with PAH to a genetic counselor. The most common reason for participants

to refer their patients with PAH to a genetic counselor was due to a family history of the disease. An insurance issue(s) was the biggest barrier

though for our participants to refer. HPAH, heritable pulmonary arterial hypertension; IPAH, idiopathic pulmonary arterial hypertension; GC,

genetic counselor.

Fig. 2. Frequency of referrals to a genetic counselor and ordering

genetic testing. Almost 80% of all participants never or rarely (1–3 on

the Likert scale) refer their patients with PAH to a genetic counselor

or order genetic testing for PAH. GC, genetic counselor; GT, genetic

testing.
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When asked to rank six options that would lead partici-
pants to order genetic testing for PAH more frequently, the
majority felt that having better insurance coverage with
minimal out-of-pocket expenses for the patients would be
the most beneficial. This was followed by the availability of
genetic counselors at their facilities, specifically genetic
counselors that are knowledgeable about the genetics of
PAH. The use of media resources such as an educational

video or brochure and the ability to perform genetic testing
for PAH on a saliva sample were found to be the least
beneficial.

Physicians have low utilization and perception of the
utility of genetic counseling and genetic testing

Since physicians are the primary type of clinician who refer
patients to genetic counselors and order genetic testing on a
clinical basis, we compared physicians to non-physicians
with respect to knowledge and attitudes toward genetic
counseling and genetic testing. When asked how many
patients with PAH the physicians responding to the survey
care for each year, the median was 50 (IQR¼ 25–142).
Physician Likert responses for referring their patients with
PAH to genetic counselors (median¼ 2, IQR¼ 1–3) and
ordering genetic testing (median¼ 2, IQR¼ 1–3) were mark-
edly similar to non-physicians (median¼ 2, IQR¼ 1–3.25;
median¼ 2, IQR¼ 1–4) for genetic counseling and genetic
testing, respectively (Table 2). However, comparisons with
respect to attitudes about genetic counseling for PAH, phys-
icians had less agreement with the utility and need to be
offered than non-physicians. When our participants were
asked for their attitudes about genetic testing, physicians
were significantly less likely to agree about different utilities
of genetic testing when compared to non-physicians.

There were no significant differences between physicians
based on years of experience in treating patients with PAH
or based on sex regarding the frequency of referring their
patients for genetic counseling or ordering genetic testing
(data not shown). However, significant differences were
found between physicians who identified as cardiologists

Fig. 4. Moderate to weak correlations found between perceptions of genetic services and referrals to genetic counselors (a) and ordering

frequency of genetic testing (b). Patients asking and our participants seeing genetic counseling (a) and genetic testing (b) as an important

component to medical management were the most strongly correlated factors when ordering genetic services.

Fig. 5. Participants’ reasons for not ordering genetic testing.

Insurance issues and the cost were the two most common reasons

preventing participants from ordering genetic testing for PAH.
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as compared to those who identified as pulmonologists
(Table 3). Cardiologists had an overall more favorable atti-
tude about genetic counseling and also generally felt that
genetic testing was more beneficial to those with PAH and
those at risk for PAH compared to pulmonologists.

Discussion

Current practice guidelines and literature recommend gen-
etic counseling and offering genetic testing to individuals
with HPAH, IPAH, and their family members.20–25

Although these guidelines exist, utilization frequency of gen-
etic counseling and genetic testing for PAH is not known.
Our study shows that there is a disparity between recom-
mended guidelines and actual practice as well as low know-
ledge base about the genetics of PAH among clinicians
practicing in the USA. Using a custom survey, we collected
information from 223 PAH specialists. Only 27% of partici-
pants were knowledgeable about the genetics of PAH and
nearly 80% of our participants stated that they never or
rarely utilize genetic services for PAH. This apparent low
utilization of genetic services and lack of knowledge about

the genetics of PAH seem to be driven by a perceived lack of
benefit of genetic counseling and genetic testing for patients
with PAH. By these specialists becoming more knowledge-
able about the genetics of PAH and the genetic services
available, it might lead to a better standard practice of care.

We found that approximately 80% of participants stated
that they never or rarely refer their patients to a genetic
counselor or order genetic testing. This is in direct contrast
of the guidelines that recommend genetic counseling to indi-
viduals with HPAH, IPAH, and their family members. For
more than 20% of individuals diagnosed with PAH, it took
more than two years for them to receive a diagnosis.30 This
two-year delay in treatment potentially allows symptoms to
progress and result in a shorter life expectancy.30 Treating
patients with PAH when they are asymptomatic or just
starting to show symptoms has been shown to delay further
symptoms and improve pulmonary vascular resistance.31

However, in order to start managing the care of asymptom-
atic individuals, their healthcare providers need to know
who in a family is at risk for also developing the disease.
PAH specialists can have family members who have a pre-
disposing genetic mutation for PAH undergo a yearly

Table 2. Likert genetic counseling and genetic testing responses between physicians and non-physicians.

Physician

(median, IQR)

Non-physician

(median, IQR) P value

Genetic counseling for PAH should be offered to everyone with PAH 4 (3–7) 6 (5–8) < 0.0001

Genetic counseling is important to medical management for patients with PAH 5 (3–7) 6 (4–8) 0.0039

Genetic counseling for PAH should be offered to everyone at risk for PAH 4 (2–5) 5 (2–8) 0.0216

Genetic counseling should always be offered with genetic testing for PAH 8 (4.25–10) 8 (5–10) 0.9148

Genetic testing for PAH should always be offered to everyone with PAH 4 (2–6) 5 (3–8) 0.0001

Genetic testing for PAH should be offered to everyone at risk for PAH 3 (2–5) 5 (3–7) 0.0012

Genetic testing is important to medical management 4 (3–7) 5 (4–8) 0.0027

Predictive genetic testing for PAH should be offered to everyone at risk for PAH 5 (3–7) 5 (4–8) 0.0037

Genetic testing for PAH can be performed without genetic counseling 1 (1–5) 2 (1–5) 0.7157

Frequency of patients with PAH asking about genetic testing 2 (2–3) 2 (1–4) 0.7197

Tenpoint Likert scale: 1¼ disagree, 10¼ agree.

IQR, interquartile range; PAH, pulmonary arterial hypertension.

Table 3. Likert genetic testing responses between cardiologists and pulmonologists.

Cardiology

(median, IQR)

Pulmonology

(median, IQR) P value

Frequency of patients with PAH asking about genetic testing 3 (2–4.25) 2 (2–3) 0.019

Predictive genetic testing for PAH should be offered to everyone at risk for PAH 6 (3.75–8) 5 (2.75–6) 0.031

Genetic testing for PAH should be offered to everyone at risk for PAH 4 (3–7) 3 (1.75–5) 0.166

Genetic testing is important to medical management 5.5 (3–7) 4 (3–7) 0.308

Genetic testing for PAH should always be offered to everyone with PAH 3 (2.75–6) 4 (2–5.5) 0.701

Genetic testing for PAH can be performed without genetic counseling 1.5 (1–5) 1 (1–5) 0.782

Ten-point Likert scale, 1¼ disagree, 10¼ agree.

IQR, interquartile range; PAH, pulmonary arterial hypertension.
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echocardiogram and recommend they avoid certain drugs
such as Aminorex, Fenfluramine, and selective serotonin
reuptake inhibitors.13,14,24

Taking advantage of screening measures and recommen-
dations early can help to discover the disease early and/or
possibly delay symptoms. Other countries have implemented
genetic services to all patients with PAH and PVOD into
their clinics, most notably in France for the last 12 years.16

Individuals in families in which PAH is segregating knowing
whether they harbor a genetic mutation could have an
impact on their reproductive choices including: deciding
not to have children, adoption, in vitro fertilization with
preimplantation diagnosis, or using a gamete donor.16–18

The use of pre-implantation diagnosis is used for preventing
other severe incurable diseases such as Huntington’s dis-
ease.16 However, using this technique for PAH is up for
ongoing debate due to the disease’s unknown or incomplete
penetrance depending on the disease-causing gene. It is
through proper counseling that families can make informed
reproductive decisions. Genetic testing can also be a useful
tool in distinguishing between PAH and pulmonary venooc-
clusive disease (PVOD).16

Physicians were significantly more knowledgeable about
the genetics of PAH than non-physicians (P< 0.0001); how-
ever, only 43.6% of physicians were knowledgeable based
on this study’s survey. Cardiologists and pulmonologists are
not alone in this. Low genetics knowledge has been seen in
other specialties such as oncologists and general care phys-
icians regarding familial cancer syndromes.32–34 Low utiliza-
tion of genetic services could be due to the survey
participants’ self-acknowledged lack of knowledge about
the genetics of PAH based on a moderate correlation
found between perceived knowledge and genetic services
referral frequency (�¼ 0.34 for genetic counseling, �¼ 0.30
for genetic testing). When patient access to genetic services is
greatly dependent on referrals from physicians, the phys-
icians need to become more aware of the constantly evolving
genetic literature about PAH in order to meet the needs of
their patients. A study that specifically looked at what
patients think about genetic testing for the gene BMPR2
showed that 71% of people diagnosed with or at risk for
PAH knew almost nothing or only a little bit about the
genetic testing options available to them.27 Of these individ-
uals, only 50% learned about the genetic components of
PAH from their doctor; the rest learned from other sources
such as family members, research studies (including the one
described), the PHA, and the Internet.27 In order for indi-
viduals with PAH to receive the most accurate information
about the genetics of this disease, PAH specialists need to
remain fluent with the genetic aspects of the disease in order
to best counsel families.

It was found that cardiologists have more favorable atti-
tudes about genetic services when compared to pulmonolo-
gists. Genetic services have been widely adopted in the
cardiology field for such conditions including but not lim-
ited to dilated and hypertrophic cardiomyopathy. This

could be the reason why cardiologists had more favorable
attitudes and practices because there has been more aware-
ness made about the genetics of cardiac conditions.
Although cardiovascular genetics is a rapidly growing
field, cardiologists were found to be most concerned with
how to properly interpret genetic testing results, specifically
variants of uncertain clinical significance.35 For pulmonary
diseases, there are fewer commercial genetic testing options
available compared to those options for cardiac diseases.
This may make it more difficult for pulmonologists to
have favorable attitudes and practices of genetic services if
there is little opportunity to utilize the services. We believe
that once there are more options available for pulmonolo-
gists to utilize genetic services, their attitudes and practices
will improve.

In our survey targeting clinicians and researchers, partici-
pants had ambivalent or positive attitudes about genetic
testing and genetic counseling. These attitudes led us to
question what is influencing our participants’ practice pat-
terns. The correlation analyses revealed that patients with
PAH asking about genetic testing and genetic counseling
was the most highly correlated factor on our participants’
referral and ordering frequency. This poses a problem since
most individuals with PAH or at risk for PAH know almost
nothing or only a small amount about the genetics of
PAH.30 When we asked our participants about their reason-
ing for not utilizing genetic services, the most common
answers were the cost of the services and lack of insurance
coverage. Today, there are genetic panels specifically
designed for diagnosing HPAH offered by commercial
labs. Some of these labs accept commercial insurances and
Medicare in addition to having discounted prices for those
who do not have insurance. Knowledge of insurance verifi-
cation and out-of-pocket costs is the responsibility of the
ordering providers. This should be discussed with the
patient before testing is sent. If a genetic mutation is identi-
fied in a tested patient/individual, mutation specific testing
can be ordered on family members that is typically a frac-
tion of the cost of full gene sequencing or panel testing.

Although genetics research on PAH is relatively new
compared to other genetic diseases, future treatments
could be dependent upon the specific variants in an individ-
ual’s genome. Personalized medicine as a result of genetic
testing is used in other genetic disorders such as cystic fibro-
sis and certain cancers.36,37 The ability to prescribe a specific
therapy for PAH based on the presence/absence of a specific
genetic alteration could be a possibility several years from
now. Today, however, we are still learning about the differ-
ent mutations that exist in at least seven genes associated
with the development of PAH as well as discovering new
genes and genetic associations/interactions. As additional
genes and genetic associations are identified, it will be
essential that PAH specialists become more knowledgeable
about the genetics of PAH and the testing options avail-
able in order to one day better manage the care of their
patients.
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Limitations

Participants who returned the survey may have had more
thorough understanding of the genetics of PAH as compared
to other PAH specialists whomay not have felt as knowledge-
able and, therefore, did not return the survey. This could have
led to a higher calculated knowledge than what is actually
reflective of all healthcare providers who treat patients with
PAH. We also surveyed researchers, nurses, and healthcare
coordinators; however, typically only physicians are the ones
who refer patients with PAH to genetic counseling or order
genetic testing. This could mean that there is more genetic
testing being ordered than what our results show even
though we did not have any significant differences in ordering
or referral frequency for genetic testing or genetic counseling
between physicians and non-physicians. It is unknown how
many of our respondents provided care to pediatric versus
adult patients, which could potentially influence knowledge,
practice, and attitudes. We could have had multiple respond-
ents from the same institution who may potentially share
a common discipline towards utilization of genetic services.
Of our 223 respondents, 4.1% were researchers. Since
researchers do not typically charge for genetic testing, this

could influence the reason of ‘‘cost for testing’’ as a reason
to not order it. Lastly, we did not keep track of how many
surveys were distributed at the PHA conference thus prevent-
ing us from determining a response rate.

Conclusion

Our results suggest that increased education and awareness is
needed about the genetics of PAH as well as the benefits of
genetic testing and genetic counseling for PAH specialists.
Currently, genetic services will not change the medical man-
agement for the individual with PAH, but it can help to dis-
criminate between other similar disorders to PAH such as
PVOD. If a disease causing genetic mutation associated
with PAH is found in an unaffected family member, then he
or she can manage their risk by undergoing yearly echocar-
diograms and avoiding certain drugs. By finding this infor-
mation out earlier rather than later, asymptomatic
individuals with a predisposing genetic mutation for PAH
may have the ability to delay symptoms,makemore informed
reproductive choices, and potentially prolong their lives.

Appendix: Survey

Pulmonary Circulation Volume 7 Number 2 | 379



380 | Attitudes and practices in genetic counseling and genetic testing for PAH Jacher et al.



Pulmonary Circulation Volume 7 Number 2 | 381



References

1. Gaine SP and Rubin LJ. Primary pulmonary hypertension.

Lancet 1998; 352(9129): 719–725.
2. Chin KM and Rubin LJ. Pulmonary arterial hypertension.

J Am Coll Cardiol 2008; 51(16): 1527–1538.
3. Lane KB, Machado RD, Pauciulo MW, et al.

Heterozygous germline mutations in BMPR2, encoding a

TGF-beta receptor, cause familial primary pulmonary hyper-
tension. The International PPH Consortium. Nat Genet 2000;

26: 81–84.

4. Deng Z, Morse JH, Slager SL, et al. Familial primary pulmon-

ary hypertension (gene PPH1) is caused by mutations in the

bone morphogenetic protein receptor-II gene. Am J Hum

Genet 2000; 67: 737–744.
5. Trembath RC, Thomson JR, Machado RD, et al. Clinical and

molecular genetic features of pulmonary hypertension in

patients with hereditary hemorrhagic telangiectasia. N Engl J

Med 2001; 345: 325–334.

6. Chaouat A, Coulet F, Favre C, et al. Endoglin germline muta-

tion in a patient with hereditary haemorrhagic telangiectasia

382 | Attitudes and practices in genetic counseling and genetic testing for PAH Jacher et al.



and dexfenfluramine associated pulmonary arterial hyperten-

sion. Thorax 2004; 59: 446–448.
7. Shintani M, Yagi H, Nakayama T, et al. A new nonsense

mutation of SMAD8 associated with pulmonary arterial

hypertension. J Med Genet 2009; 46: 331–337.
8. Austin ED, Ma L, LeDuc C, et al. Whole exome sequencing to

identify a novel gene (caveolin-1) associated with human pul-

monary arterial hypertension. Circ Cardiovasc Genet 2012; 5:

336–343.
9. Ma L, Roman-Campos D, Austin ED, et al. A novel channe-

lopathy in pulmonary arterial hypertension. N Engl J Med

2013; 369: 351–361.

10. Best DH, Sumner KL, Austin ED, et al. EIF2AK4 mutations

in pulmonary capillary hemangiomatosis. Chest 2014; 145:

231–236.
11. Eyries M, Montani D, Girerd B, et al. EIF2AK4 mutations

cause pulmonary venoocclusive disease, a recessive form of

pulmonary hypertension. Nat Genet 2014; 46: 65–69.
12. Cogan JD, Pauciulo MW, Batchman AP, et al. High frequency

of BMPR2 exonic deletions/duplications in familial pulmonary

arterial hypertension. Am J Respir Crit Care Med 2006; 174(5):

590–598.
13. Simonneau G, Robbins IM, Beghetti M, et al. Updated clinical

classification of pulmonary hypertension. J Am Coll Cardiol

2009; 54(Suppl. 1): S43–S54.
14. Simonneau G, Gatzoulis MA, Adatia I, et al. Updated clinical

classification of pulmonary hypertension. J Am Coll Cardiol

2013; 62(Suppl. 25): D34–D41.

15. Aldred MA, Vijayakrishnan J, James V, et al. BMPR2 gene

rearrangements account for a significant proportion of muta-

tions in familial and idiopathic pulmonary arterial hyperten-

sion. Hum Mutat 2006; 27(2): 212–213.

16. Girerd B, Montani D, Jais X, et al. Genetic counselling in a

national referral centre for pulmonary hypertension. Eur

Respir J 2016; 47(2): 541–552.
17. Best DH, Austin ED, Chung WK, et al. Genetics of

pulmonary hypertension. Curr Opin Cardiol 2014; 29(6):

520–527.
18. Frydman N, Steffann J, Girerd B, et al. Preimplantation gen-

etic diagnosis in pulmonary arterial hypertension due to

BMPR2 mutation. Eur Respir J 2012; 39: 1534–1535.
19. Genetic Information Nondiscrimination Act of 2008.
20. Leter EM, Boonstra AB, Postma FB, et al. Genetic counselling

for pulmonary arterial hypertension: a matter of variable vari-

ability. Neth Heart J 2011; 19(2): 89–92.
21. Soubrier F, Chung WK, Machado R, et al. Genetics and gen-

omics of pulmonary arterial hypertension. J Am Coll Cardiol

2013; 62(Suppl. 25): D13–D21.

22. Machado RD, Southgate L, Eichstaedt CA, et al. Pulmonary

arterial hypertension: A current perspective on established and

emerging molecular genetic defects. Hum Mutat 2015; 36(12):

1113–1127.

23. McGoon M, Gutterman D, Steen V, et al. Screening,

early detection, and diagnosis of pulmonary arterial

hypertension: ACCP evidence-based clinical practice guide-
lines. Chest 2004; 126(Suppl. 1): 14S–34S.

24. McLaughlin VV, Archer SL, Badesch DB, et al. ACCF/AHA

2009 expert consensus document on pulmonary hypertension:
a report of the American College of Cardiology Foundation
Task Force on Expert Consensus Documents and the
American Heart Association: developed in collaboration with

the American College of Chest Physicians, American Thoracic
Society, Inc., and the Pulmonary Hypertension Association.
Circulation 2009; 119: 2250–2294.

25. Chung WK, Austin ED, Best DH, et al. When to offer genetic
testing for pulmonary arterial hypertension. Can J Cardiol
2015; 31(4): 544–547.

26. Jones DL and Clayton EW. The role of distress in uptake and
response to predisposition genetic testing: the BMPR2 experi-
ence. Genet Test Mol Biomarkers 2012; 16(3): 203–209.

27. Jones DL, Sandberg JC, Rosenthal MJ, et al. What patients
and their relatives think about testing for BMPR2. J Genet
Couns 2008; 17(5): 452–458.

28. Liu D, Wu WH, Mao YM, et al. BMPR2 mutations influence

phenotype more obviously in male patients with pulmonary
arterial hypertension. Circ Cardiovasc Genet 2012; 5(5):
511–518.

29. Likert R. A technique for the measurement of attitudes.
Archives of Psychology 1932; 140: 1–55.

30. Brown LM, Chen H, Halpern S, et al. Delay in recognition of

pulmonary arterial hypertension: factors identified from the
REVEAL Registry. Chest 2011; 140(1): 19–26.

31. Valerio CJ and Coghlan JG. Bosentan in the treatment of
pulmonary arterial hypertension with the focus on the mildly

symptomatic patient. Vasc Health Risk Manag 2009; 5:
607–619.

32. Teng I and Spigelman A. Attitudes and knowledge of medical

practitioners to hereditary cancer clinics and cancer genetic
testing. Fam Cancer 2014; 13(2): 311–324.

33. Burns C, McGaughran J, Davis A, et al. Factors influencing

uptake of familial long QT syndrome genetic testing. Am J
Med Genet A 2016; 170(A): 418–425.

34. Lerner B, Marshall N, Oishi S, et al. The value of genetic

testing: beyond clinical utility. Genet Med2016; [Epub ahead
of print]).

35. Christensen K, Vassy J, Jamal L, et al. Are physicians pre-
pared for whole genome sequencing? A qualitative analysis.

Clin Genet 2016; 89(2): 228–234.
36. Sermet-Gaudelus I. Ivacaftor treatment in patients with cystic

fibrosis and the G551D-CFTR mutation. Eur Respir Rev 2013;

22(127): 66–71.
37. Goncalves A, Moretta J, Eisinger F, et al. Personalized medi-

cine and breast cancer: anticipatory medicine, prognostic

evaluation and therapeutic targeting. Bull Cancer 2013;
100(12): 1295–1310.

Pulmonary Circulation Volume 7 Number 2 | 383


