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Pulmonary arterial hypertension (PAH) is a rare and debilitating
disease characterized by progressive increases in pulmonary ar-
terial pressure and pulmonary vascular resistance, leading to right
ventricular failure and death.1-4 As there is no cure, the primary
goal of disease management is to alleviate symptoms and prolong
survival. Although treatment of patients with PAH with agents
such as prostanoids, endothelin receptor antagonists, and phos-
phodiesterase inhibitors has been shown to improve exercise ca-
pacity,5 many patients still experience diminished quality of life,
severe limitations in mobility requiring lifestyle modifications, and
a potential for social isolation. Treatment for PAH can be complex
and expensive, creating a heavy financial burden on PAH patients.
The physical burden imposed by PAH may result in loss of work,
adding to the worry about paying for expensive therapies. Despite
improvements in the treatment of PAH, patients still suffer from
the uncertainty of this progressive disease. Thus, patients with
PAH can accumulate a number of life stressors, which have been
associated with the development of depression.6 Furthermore, the
common PAH symptom of decreased exercise capacity is strongly
associated with depression in other disease states.7-9 Due to di-
minished quality of life, decreased mobility, social isolation, fi-
nancial burdens, unemployment, and an uncertain prognosis,
patients with PAH may be more vulnerable to developing depres-
sion.  

According to the World Health Organization (WHO), depres-
sion is the leading cause of disability as measured by Years Liv-
ing with a Disability,10 and organizations such as the Institute of
Medicine emphasize that depression screening and treatment
should be a priority for US medicine in the 21st century.11 Clini-
cal depression frequently causes major functional impairment that
interferes with a person’s ability to perform activities of daily liv-
ing.12 Major depressive disorder is estimated to have a prevalence
in the general population of approximately 5%-6%.13 A diagnosis
of major depressive disorder requires the presence of 5 or more of
the following symptoms most days of the week most of the time
for a minimum of 2 weeks: 1) depressed or irritable mood; 2)
markedly diminished interest or pleasure in all or nearly all activ-

ities; 3) significant weight loss or gain, or a decrease or increase
in appetite; 4) insomnia or hypersomnia; 5) psychomotor agitation
or retardation; 6) fatigue or loss of energy; 7) feelings of worth-
lessness or excessive or inappropriate guilt; 8) diminished ability
to think or concentrate or indecisiveness; or 9) recurrent thoughts
of death, suicidal ideation, or suicide attempt. One of the symp-
toms must include depressed or irritable mood, or loss of interest
or pleasure, and the symptoms must cause either significant clin-
ical distress or functional impairment.14

It seems likely that a severe, progressive, chronic illness like
pulmonary hypertension would increase the prevalence of de-
pressive symptoms. Our clinical experience, as well as the litera-
ture available to date, supports this supposition. For example, the
REVEAL Registry™, a recent multicenter observational cohort
study of WHO Group 1 PAH, found that 25% of patients report a
history of depression.15 This finding was based on patient self-re-
porting, rather than utilization of a standardized assessment in-
strument with good sensitivity and specificity for measuring the
presence and severity of depressive symptoms. A survey from
Lowe et al16 found that at least one-third of pulmonary hyperten-
sion patients suffer from a common and potentially treatable men-
tal disorder, with the major depressive disorders observed in
15.9%, while another study17 estimated 26% of PAH patients had
moderate to severe symptoms of depression. While the prevalence
of depression in medically ill populations varies widely according
to the definition of depression and the types of assessment meas-
ures used, for patients whose symptoms are explained by organic
disease, the prevalence of depressive disorder in medical outpa-
tients is 4%-12%.18

Patients with left-sided cardiac failure experience physical
symptoms similar to those of pulmonary hypertension patients,
including dyspnea on exertion, exercise limitation, fluid retention,
difficulty sleeping, and fatigue. It is likely that similar symptoms
increase the prevalence of depressive symptoms in patients with
PAH and associated right-sided cardiac disease. The prevalence
of depressive symptoms in outpatients with left-sided cardiac fail-
ure is estimated to be approximately 30%,19 and in this popula-
tion, depressive symptoms have a significant impact on functional
status and quality of life.  

Although there are few published data on the impact of de-
pressive disorders on outcome in patients with PAH and right-
sided cardiac disease, there has been considerable research
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demonstrating the deleterious effects of depression on morbidity
and mortality in patients with left-sided cardiac failure. In left-
sided congestive heart failure, although depressed and nonde-
pressed patients demonstrate no significant difference in baseline
cardiac function, depressed patients are at significantly higher
risk for worsening of their heart failure symptoms, physical func-
tioning, and quality of life, with depressive symptoms being the
strongest predictor of decline in health status.19 Similarly, after
acute coronary syndrome, patients with depressive symptoms have
more frequent angina (odds ratio 2.40, P<0.001), greater physi-
cal limitation (odds ratio 2.89, P<0.001), and worse quality of
life (odds ratio 2.84, P<0.001).20 Moreover, after acute myocar-
dial infarction, depression is associated with increased mortal-
ity.21 In their study of coronary disease, Ruo et al8 found that
depressive symptoms, when controlling for cardiac function, were
strongly associated with overall and disease-specific health status
and with health status outcomes, including symptom burden,
physical limitation, quality of life, and overall health. It has also
been shown in multiple studies that the presence of depression
and other negative psychosocial factors are predictive of devel-
oping cardiovascular disease.22

Of note, clinical studies of left-sided cardiac failure have often
examined depressive symptoms, rather than major depressive dis-
order as defined by DSM-IV criteria. In general, the prevalence of
depressive symptoms can be expected to be higher than the preva-
lence of major depressive disorder. We should therefore not limit
our attention to patients meeting the definition of major depres-
sive disorder, but should also attempt to recognize the presence
of less severe depressive symptoms, which can be addressed
proactively.

Implications for Practice
Although it is likely that many PAH patients experience symptoms
of depression, formal screening for and treatment of this disorder
is not currently a common practice in pulmonary hypertension re-
ferral centers. In his survey of depression in pulmonary hyperten-
sion patients, Lowe et al found that only 24.1% of pulmonary
hypertension patients diagnosed with mental disorders, including
anxiety and depression, were receiving psychopharmacological or
psychotherapeutic treatment.16 This under-treatment of anxiety
and depression is similar to that in other chronic, debilitating
medical conditions.23 But if our goal is to provide excellent pa-
tient-focused, high-quality care, the assessment of a patient’s psy-
chological status is an important component of the overall
evaluation given the high likelihood of depressive symptoms in
PAH patients. If health care providers are not screening for de-
pressive disorder, an important piece in the care of PAH patients
is likely missing, particularly if it is found that, as with left-sided
cardiac failure, comorbid depression is associated with increased
morbidity and mortality in PAH.     

Patients often view their pulmonary hypertension clinical team
as their primary care providers, and this can become a difficult ex-
pectation to fulfill. However, as most patients are seen in pul-
monary hypertension clinics every 3 to 6 months, pulmonary
hypertension health care providers are well positioned to recognize
and address concurrent psychiatric illness. Often, nurses are the
first to recognize clues from the patient that he or she might be
suffering from depression. For example, during a clinical intake,
the patient may express his or her sense of hopelessness to the
nurse by saying “I just don’t feel like taking my medicines any-
more; I don’t see the point in it.” After further questioning, the pa-

tient may report the feeling that he or she can’t talk to a spouse
about symptoms, or express major financial concerns regarding
the costs of pulmonary hypertension medications. Patients also
frequently express concerns about an inability to lose weight since
becoming ill. Ideally, the astute nurse picks up that there might
be a problem, and passes this information on to the physician,
who then further assesses the patient’s psychological status using
a standardized screening measure as described below. The pa-
tient is then referred to a psychiatrist or other mental health pro-
fessional as needed, or if the provider is comfortable starting
treatment for depression, treatment is initiated and referral for
follow-up care is made.

Unfortunately, however, the realities of current medical care
are such that inadequate assessment for depression and other co-
morbid psychiatric disorders is the rule rather than the exception.
In a busy pulmonary hypertension practice, clinic time with each
patient is limited, patients need to be assessed rapidly, tests need
to be ordered, and very little time remains to be spent with the pa-
tient. Additionally, physicians generally are not adequately trained
on the importance of mind-body interaction and impact of co-
morbid psychiatric disorders on morbidity, mortality, and treat-
ment adherence.24 Historically, most physicians were trained using
models of care that emphasized biologically based etiologic dis-
ease explanations and treatments requiring diagnostic assess-
ments based on objective measures of illness. Such an orientation
has often led to decreased interest and confidence among physi-
cians in assessing for comorbid psychiatric illness and psychoso-
cial factors, often influencing treatment response, such as
depression, anxiety, social support, and quality of life, which have
frequently been perceived by many doctors to be part of a less
medical, more qualitative, “softer” science. Possible evidence for
the adverse consequences of such an approach is described in
the heart failure literature; in spite of the plethora of studies on
left-sided cardiac failure showing a relationship between depres-
sion and increased morbidity and mortality, there is very infre-
quent assessment for and treatment of comorbid mental disorders
in cardiology clinical practices.24,25

Screening
Abundant evidence exists that depression-screening assessments
have been successfully used in large medical practices to accu-
rately identify depressed individuals. Increased use of such in-
struments should be considered in the assessment of patients
with PAH. A standardized tool that has been used in a variety of
clinical settings is the Patient Health Questionnaire (PHQ-8).26 It
consists of 8 brief questions, is easy to use, and takes less than
2 minutes for the patient to complete (see Figure 1). The patient
can fill it out in the waiting or exam room, and a nurse or physi-
cian can quickly add up the score. Although various cut-offs have
been proposed and found to be useful in identifying individuals
with clinically significant depressive symptoms, a PHQ-8 score of
≥10, which has a high sensitivity for identifying major depressive
disorder, alerts the provider that further investigation is needed to
more comprehensively assess whether a patient is suffering from
depression.26 Even lower scores can be indicative of clinical de-
pression because there is considerable evidence that subsyndro-
mal depression causes as much clinical distress and functional
impairment as most of the common chronic medical disorders
seen in primary care practices.27
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Treatment
Once a patient is found on screening to have symptoms sugges-
tive of clinically significant depression, a system to ensure ap-
propriate evaluation, treatment, and follow-up is essential.
Because of the stigma often associated with a diagnosis of de-
pression and mental disorders in general, it is important for the
provider to give psycho-education to the patient, emphasizing that,
like PAH, depression is a medical illness with significant morbid-
ity and mortality, as well as a potential risk factor for worse prog-
nosis of the primary medical illness. Patients should also be told
that recovering from depression is not simply a question of “will”
since it is believed, based on current research data, that biologi-
cal, psychological, and social factors can lead to dysregulation of
neurotransmitters and other systems in the brain.14

Patients suspected of having depression should undergo a for-
mal evaluation to establish the presence of a depressive disorder
and determine the appropriate type and level of treatment. An im-
portant component of any evaluation includes assessment of risk
for suicide, which is a major complication of depression. In addi-
tion, depressed individuals frequently suffer from other psychiatric

illnesses, such as anxiety disorders and substance depen- dence,
which may be contributing to or exacerbating the depression. 

Given the wide range of depression severity and complexity in
diagnosing and treating it, multiple treatment options must be
available to optimally treat each patient. To some extent, choice
of psychotherapy and/or medications may depend on available re-
sources and patient preferences. In addition, providers vary in
their knowledge and comfort level when it comes to prescribing
antidepressant medication for their patients.

For milder cases of depression requiring only medication man-
agement, the primary care physician may be able to provide treat-
ment. In more complex, severe cases with extensive psychiatric
comorbidity and concerns about suicide, referral to a psychiatrist
or other mental health professional is indicated. In some prac-
tices, there are mental health professionals on-site to evaluate
and treat patients. In other settings, close relationships are some-
times forged between primary care physicians and mental health
professionals, which can help to effectively coordinate the treat-
ment of the patient’s primary medical illness and comorbid de-
pression. 

Patient Health Questionnaire (PHQ-8)

Name: ________________________________________________   Date: ___________

Over the last 2 weeks, how often have you been bothered by any of the following problems?

(use “�” to indicate your answer)

More than Nearly 
Not at all several days half the days Every day

1. Little interest or pleasure in doing things     0 1 2 3

2. Feeling down, depressed, or hopeless     0 1 2 3

3. Trouble falling or staying asleep, 
or sleeping too much 0 1 2 3

4. Feeling tired or having little energy   0 1 2 3

5. Poor appetite or overeating   0 1 2 3

6. Feeling bad about yourself or that you are 
a failure or have let yourself or family down 0 1 2 3

7. Trouble concentrating on things, such as 
reading the newspaper or watching television 0 1 2 3

8. Moving or speaking so slowly that other people 
could have noticed. Or the opposite—being so 
fidgety or restless that you have been moving 
around a lot more than usual 0 1 2 3

Add Columns:   ___________    +   ____________   +   ____________   +   ____________

Total: __________________

From the Primary Care Evaluation of Mental Disorders Patient Health Questionnaire (PRIME-MDPHQ). 
PRIME-MD® is a trademark of Pfizer Inc. Copyright 1999. All rights reserved. Reproduced with permission.

Figure 1
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Currently, there are multiple FDA-approved medications for
the treatment of major depressive disorder. Psychosocial treat-
ments, such as cognitive-behavioral therapy and interpersonal
therapy, have been shown to be highly efficacious in the treat-
ment of this illness.  

Promising new interventions with less of an evidence base are
also proliferating and should be considered as possible interven-
tions. For example, there has been a growing recognition that pa-
tients with severe, chronic medical illnesses may benefit from
support groups in which other individuals with the same illness
can be a positive support because they may have empathy for the
patient’s suffering that only comes from having the same illness.
Others with the illness may also be able to offer guidance on how
they have learned to cope with many of the challenges that PAH
patients face. And in the age of the Internet, online chat rooms
may also enable patients to share their experiences and decrease
their sense of isolation.

Another promising, potentially beneficial new intervention for
depression is exercise, which has also been shown to reduce stress
and anxiety.28 Because of the potential risk for adverse events (ie,
syncope, sudden death), PAH patients have historically been
counseled to avoid exercise. Yet the REVEAL Registry™ shows
that some PAH patients are overweight, with an average BMI of
28.9.15 A randomized, 15-week, closely-monitored program of
daily exercise done in patients with severe pulmonary hypertension
was completed by Mereles et al,29 and showed that exercise ca-
pacity and quality of life were significantly enhanced in the exer-
cise training group. It seems that exercise may be a logical therapy
for the psychological disorders experienced by PAH patients, but
studies need to be done to assess its efficacy and safety in pa-
tients with PAH and to determine the best type and intensity of ex-
ercise that will optimally alleviate symptoms of depression.

The Future
Further research on depression in PAH is needed. Many unan-
swered questions remain. First, the prevalence of depressive
symptoms in PAH patients must be determined. The limitation of
using the REVEAL Registry™, which captures depression by pa-
tient self-reporting, is that a larger group of patients who are po-
tentially “at-risk” with moderate depressive symptoms and who
may benefit from treatment may be missed. A recently completed
small pilot study has been presented in abstract form describing
a high prevalence of depressive symptoms in 100 patients at 2
large PAH centers,30 using the PHQ-8 assessment tool as previ-
ously described, and replicating and expanding upon the results
of earlier studies. There is now sufficient evidence of an associa-
tion between depression and PAH in these pilot studies to suggest
that a larger multicenter study is warranted.

Other important questions include: What are the associations
between depressive symptoms and functional capacity? Are they
dependent or independent of one another? Is depression a risk
factor for worsening PAH, as has been shown in heart failure, or
is depression a secondary event elicited by the inevitable decline
in functional capacity? Would treatment of depression in PAH
make a difference in survival? If, as has been found in left-sided
cardiac disease, the occurrence of depressive symptoms in pa-
tients with PAH has a significant impact on functional status and
quality of life, as well as risk for worsening of symptoms, early de-
tection of depression and implementation of appropriate treat-
ment could have a significant impact on overall outcomes in PAH
patients. Is there a preferred antidepressive medication for PAH

patients? Given the recent data31,32 showing the potential associ-
ation of decreased mortality and decreased development of PAH
with SSRI use when treating adults, one can’t help but wonder
whether SSRIs are of potential benefit. Are nondrug therapies (ie,
cognitive behavioral therapy, interpersonal therapy, supportive
therapy, psycho-education, support groups, pulmonary rehabilita-
tion, counseling) as effective or more so than drug therapy in PAH
patients? Is a combination of medication and psychosocial treat-
ments necessary to achieve good outcomes, as has been shown in
certain subgroups of depressed individuals without medical ill-
ness?

Recognition and treatment of patients with depressive symp-
toms will likely improve PAH patients’ quality of life, and this
should propel clinicians to screen for the disorder routinely.
Screening for this important comorbidity will contribute to com-
prehensive care for our patients, and improve overall outcome.
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There is great interest in the role of the endothelial progenitor
cells (EPCs) in both health and disease. Because of their puta-
tive role in angiogenesis and vessel repair, these cells are being
investigated as a therapeutic option in a number of vascular 
disorders, including pulmonary arterial hypertension (PAH).1-3

However, hypotheses have suggested that these cells may play 
a pathologic role in some diseases.4,5 Toshner et al has recently
investigated whether EPCs could be involved in the pathologic
lesions present in the precapillary vasculature of patients with
PAH.

The authors identified increased markers of EPCs (CD133
and c-Kit) as well as the homing signal pathway stromal cell-de-
rived factor-1 and its chemokine receptor (CXCR4) within lung
tissue, particularly within the plexiform lesions, of patients with
idiopathic PAH, familial PAH, and PAH associated with congeni-
tal heart disease. They also identified increases in circulating
angiogenic progenitor cells in the peripheral blood of patients
with PAH by flow cytometry. Lastly, they reported that late out-

growth progenitor cells from patients with PAH and associated
BMPRII mutations had an abnormal, “hyperproliferative”
growth pattern and impaired ability to form vascular networks.
Interestingly, the number of peripheral EPCs did not correlate
with cardiopulmonary hemodynamics such as pulmonary artery
pressure, cardiac index, or pulmonary vascular resistance.

The function of EPCs in health and disease remains an area
of great scientific and clinical interest. However, there is clearly
a lot yet to learn about these cells. This study raises some im-
portant questions about their role in the disease process of
PAH.  
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