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ABSTRACT Registries have provided a wealth of information on the clinical and disease characteristics of

patients living with pulmonary arterial hypertension (PAH) since the 1980s. Certain PAH demographics,

such as the prevalence of various PAH subgroups and preponderance of female patients, appear to have

remained stable over time. Contemporary registry data indicate that the average age of patients diagnosed

with PAH has increased, at least in the Western world. Older patients with PAH are more likely to be

diagnosed with a more advanced stage of the disease, have lower exercise capacity and present with multiple

comorbidities. They also have worse survival compared with younger patients. Within the PAH population,

there is also a subset of patients with a lower diffusing capacity of the lung for carbon monoxide who are

generally older and display more severe disease characteristics. This review discusses the implications that

the increased age of the PAH population at diagnosis has on the treatment and management of the disease,

as well as the need for earlier and improved diagnosis in these patients.
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Introduction
Pulmonary arterial hypertension (PAH) is a progressive disease characterised by elevated pulmonary arterial

pressure (PAP) and pulmonary vascular resistance (PVR), leading to right ventricular failure and death [1].

PAH is a rare disease, with an estimated prevalence ranging from 10 to 52 cases per million [2–7].

PAH (Group 1 pulmonary hypertension (PH)) is subcategorised according to the underlying disease

pathogenesis [8]. This includes idiopathic (I)PAH, heritable (H)PAH caused by gene mutations, drug- and

toxin-induced PAH and PAH associated with conditions such as connective tissue disease (CTD)-PAH,

HIV-PAH, congenital heart disease (CHD)-PAH and schistosomiasis. The correct diagnosis of patients is

important, as the prognosis and management for each subcategory is different. For example, the prognosis

is generally worse in patients with CTD-PAH, while patients with CHD-PAH usually have a better

prognosis compared with patients in other subgroups [5, 9–12].

Over the past 30 years a number of PAH registries have collected data on the demographic, clinical and

haemodynamic characteristics of patients with PAH [4–7, 10, 11, 13–17]. They have provided a wealth of

information on the epidemiology and survival rates of patients with PAH, and have facilitated the

development of prognostic indicators for the disease [18]. Several prognostic equations have been developed

on the basis of registry data that can be used to determine the probability of survival over time [11, 12, 19, 20].
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Recent data from various PAH registries indicate that the demographics of IPAH patients have changed. In the

US National Institutes of Health (NIH) registry in the 1980s PAH was typically diagnosed in young adults

[17], but more recent registry data depict a shift towards diagnosing PAH in older patients [3, 6, 9, 13, 21–23].

This may have implications for the diagnosis, treatment and management of patients with PAH.

Here, we review the changes in demographics of patients with PAH over the past decades, explore the

possible reasons for the observed increase in the age of patients diagnosed with PAH, and the potential

clinical implications for patient’s treatment and management resulting from this change.

Changing demographics in PAH patients
PAH aetiology
The most commonly reported subtype of PAH in adult patients is IPAH, followed by PAH associated with

concomitant diseases such as CTD, CHD or portal hypertension (so-called portopulmonary hypertension)

[4, 7, 9, 12]. Depending on the registry, the proportions range from 39% to 61% for IPAH, 11–28% for

CTD-PAH, 10–20% for CHD-PAH and 5–10% for portopulmonary hypertension-PAH [4, 7, 9, 12]. These

findings do not appear to have changed over time. For example, approximately the same relative

proportions of the various aetiologies were reported in the US REVEAL (Registry to Evaluate Early and

Long-term PAH Disease Management) registry in 2006–2009 [9, 12] as were reported in the earlier US

Pulmonary Hypertension Connection registry, which collected data retrospectively and prospectively from

1982 to 2006 [11, 24]. During this time, the proportion of patients with IPAH/familial PAH decreased,

while the proportion with CTD-PAH increased [24].

Proportion of male and female patients
In general, registry data indicate a greater incidence of PAH in female patients; on average registries report

70–80% female PAH patients [18]. In the US registries, the proportion of female to male patients appears to

have increased over time [3]. Female patients accounted for 63% of IPAH patients in the NIH registry

undertaken in the 1980s [17], whereas this had increased to 80% in the more recent REVEAL registry [15].

The female/male ratio is influenced by several factors including geography, age and aetiology. In addition,

REVEAL mostly included prevalent patients and the female predominance may have been, to some extent,

related to the fact that male patients tend to die earlier from PAH [25]. The REVEAL registry reports more

female IPAH patients compared with the French registry: 80% [15] versus 62% [4]. Although similar

geographical differences in the female/male ratio have been observed within the IPAH population [18], it is

unclear why these differences occur. Variation in the female/male ratio with age has been indicated in data

from the COMPERA (Comparative, Prospective Registry of Newly Initiated Therapies for Pulmonary

Hypertension) registry. This registry reports that in younger patients (median age 54 years) the female/male

ratio was 2.3/1, while in older patients (median age 75 years) this ratio was almost even, at 1.2/1 [13]. Data

from the REVEAL registry indicate that the proportion of female patients varies according to the underlying

aetiology of the PAH subgroup to which they belong. For example, in patients with IPAH, 80% were female

compared with 50% in patients with portopulmonary hypertension-PAH and 90% in the CTD-PAH

subgroup [15].

Age at diagnosis
IPAH is increasingly diagnosed in older patients (table 1). While the NIH registry reported a mean¡SD age

at diagnosis of 36¡15 years in IPAH patients [17], contemporary registries report older populations

ranging from 50¡17 years to 65¡15 years [3–7, 9, 11–15, 19, 23, 27]. A recent audit of PH patients in the

UK from 2013 reported that 21% of PAH patients were in the 60–69 years age bracket [27], similar to

previous audits in 2010–2012 [28–30]. Data from the PH registry of the UK and Ireland in 2001–2009

reported that 26% of patients were aged 51–65 years and 23% were aged .65 years [6].

The change in age profile that has been observed between older and more contemporary registries has also

been observed within registries. The PH registry of the UK and Ireland found a significant increase in the

age of patients over the period from 2001 to 2009 [6]. Similarly, data from the Czech registry in 2000–2007

showed that patients diagnosed during 2007 were 10 years older than the population diagnosed prior to 2007 [7].

Whilst registries provide an invaluable source of information regarding disease epidemiology and outcome,

the data they contain is influenced by external factors which could explain some of the discrepancies

observed between registries. For example, data from the NIH PAH registry may not be as relevant to

patients today due to the changes in PAH classification and novel treatment options that have arisen in the

intervening years [31]. A number of additional independent factors that have been suggested to influence

registry data include: 1) access to PAH therapies; 2) referral patterns; 3) the increased interest in PH from

physicians and, thus, an increase in the available information about the disease; 4) increased disease

awareness; 5) increased patient access to information; and 6) widespread use of noninvasive screening tools [18].
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Awareness among physicians of the prevalence of PAH in older patients is increasing. In the past, PAH was

viewed as a disease of younger females and the diagnosis was often not considered in older patients and males;

this may have contributed to males being underdiagnosed and, therefore, underrepresented in earlier registries

[18]. There have also been improvements in the clinical diagnosis of PAH. It is possible that, in the past, older

patients could have been misdiagnosed with other pathologies such as left heart disease and, thus, misclassified

into other types of PH [13, 18]. Also, some of the PAH diagnoses in the elderly could be misclassification of PH

in association with left heart disease. In recent years, diagnostic algorithms have been updated [32, 33] that aid

physicians in the diagnosis of PAH. Additionally, screening programmes [7] have increased the number of PAH

referrals and increased use of diagnostic techniques, such as Doppler echocardiography, may influence rates of

diagnosis [18].

In contrast to some other registries, the Chinese registry of IPAH patients reported a mean age at diagnosis

of 36 years in 1999–2004 and 38 years in 2008–2011 [16, 26]. The reasons for the differences between

countries may lie in differences between healthcare systems and in population age distribution [34]. Thus,

the question remains whether the PAH population itself is changing, or if independent factors such as those

discussed above are influencing certain changes that have been observed in the demographics of PAH

patients. Although certain patient characteristics remain unchanged over time, most registry data indicate

that the average age of patients identified with PAH is increasing. This has several implications for the

management of PAH in elderly patients.

Clinical characteristics and survival in elderly patients with PAH
Older patients with PAH are diagnosed with more advanced, severe disease. While younger patients with

PAH are more likely to be diagnosed in New York Heart Association (NYHA)/World Health Organization

(WHO) functional class I/II, older patients generally have a more severe functional class (III/IV) [6, 13].

The COMPERA registry reported that 5% of patients aged .65 years were in NYHA functional class II at

baseline versus 17% of patients aged 18–65 years, 77% versus 72% were in functional class III, and 18%

versus 11% were in functional class IV, respectively [13]. In addition, older patients have reduced exercise

capacity, displaying lower 6-min walking distance (6MWD) values [6, 13].

The PH registry of the UK and Ireland reported that the median duration of symptoms at the time of

diagnosis was 24 months in patients aged .50 years, compared with 12 months for patients aged

f50 years (n5404, p,0.001) [6]. This may be linked to the fact that older patients have more

comorbidities than younger patients [6]. Increased incidence of ischaemic heart disease (24% versus 1%,

p,0.001), hypertension (42% versus 11%, p,0.001), atrial fibrillation (11% versus 0%, p,0.001), diabetes

(23% versus 5%, p,0.001) and hypothyroidism (16% versus 8%, p50.005) have been reported in older

patients (.50 years) when compared with younger patients (f50 years) [6]. The presence of multiple

comorbidities may mask the symptoms of PAH and could account for late diagnosis of PAH in elderly

patients and poorer survival.

While contemporary registries indicate that the survival rates of PAH patients have generally improved over

the years [18], age-related survival differences exist (fig. 1) [13]. The COMPERA registry found that 1-, 2-

and 3-year survival rates were significantly lower in patients aged .65 years (p,0.001), even when adjusted

for age and sex [13]. All-cause mortality in the overall COMPERA population was 18%. The cause of death

was reported as PH or right heart failure in 66% of patients [13], but it is unknown whether the causes of death

TABLE 1 Demographics of idiopathic pulmonary arterial hypertension patients over time

Registry [Ref.] Time period Age years Female 1-year survival

US NIH registry [17, 20] 1981–1988 36¡15 63 68
French registry# [4, 19, 23] 2002–2003 52¡15 62 89
US REVEAL [3, 9, 12] 2006–2009 50¡15 80 88
PH registry of the UK and Ireland#," [6] 2001–2009 50¡17 70 93
COMPERA+ [13] 2007–2011 65¡15 60 92
New Chinese registry [26] 2008–2011 38¡13 70 92
Czech registry [7] 2000–2007 52¡17 65 89"

Data are presented as mean¡SD or %, unless otherwise stated. NIH: National Institutes of Health; REVEAL: Registry to Evaluate Early and Long-
term PAH Disease Management; PH: pulmonary hypertension; COMPERA: Comparative, Prospective Registry of Newly Initiated Therapies for
Pulmonary Hypertension. #: included idiopathic pulmonary arterial hypertension (PAH), familial/heritable PAH and anorexigen-associated PAH;
": incident population; +: countries involved included Austria, Belgium, Germany, Italy, the Netherlands, Switzerland and the UK.
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differed between the younger and older patients. Factors associated with increased risk of death in elderly

patients included male sex, lower 6MWD, higher mean PAP, higher PVR and lower mixed-venous oxygen

saturation [13]. After multivariate analysis, only male sex and lower 6MWD remained significant. Similarly,

the PH registry of the UK and Ireland found that patients aged .50 years with IPAH, HPAH or anorexigen-

associated PAH had three times the risk of death compared to younger patients (p,0.001) [6]. The worse

survival associated with advanced functional class [5, 10–12, 16, 23] and worse 6MWD [35, 36], together with

a longer duration of symptoms before diagnosis [6] and advanced age, probably contribute to this.

Haemodynamic impairment (mean PAP and PVR) appears to be less severe in older patients [6, 13]. A

possible explanation is that younger patients tend to have a right ventricle capable of preserving cardiac

output at higher PVR than older patients; the ability of the right ventricle to generate high pressure falls

with increasing age, resulting in older patients becoming symptomatic at lower PVR levels [13]. Despite this

less severe haemodynamic impairment, older patients have a lower physiological reserve to cope with this

disease than younger patients [6].

Implications for management and treatment of PAH in elderly patients
Patient management may also be influenced by an ageing PAH population. The interpretation of the

treatment goals, such as exercise capacity, may need to be individualised based on the age of the patient and

take into account any comorbidities present. In addition, achieving functional class I or II may not be

realistic in elderly patients.

It is unclear whether the increasing age of PAH patients has implications for treatment strategies. An

observational study from the PH registry of the UK and Ireland reported that patients aged .50 years were

less likely to have received more than one PAH therapy (35% versus 57%; p,0.001), triple combination

therapy (1% versus 11%; p,0.001), prostacyclin analogues (28% versus 52%; p,0.001) or calcium channel

blockers (3% versus 10%; p50.002) compared with younger patients (f50 years) [6], indicating that older

patients may be treated less aggressively despite their more advanced disease. Similarly, data from the

COMPERA registry showed that, in the first 3 months of treatment, fewer older patients (aged .65 years)

received prostacyclin analogues (6% versus 14%, p50.003), endothelin receptor antagonists (63% versus

71%, p50.056) and combination therapy (13% versus 19%, p50.07) compared with younger patients (aged

f65 years) [13]. Older patients also had a higher rate of endothelin receptor antagonist treatment

discontinuation. After 12 months of treatment the older patients displayed less improvement in 6MWD

with a median increase of 30 m compared with 50 m in younger patients (p50.028) [13].

Subset of patients with low diffusing capacity of the lung for carbon monoxide
A low diffusing capacity of the lung for carbon monoxide (DLCO) is usually observed in patients with

pulmonary veno-occlusive disease, PH patients with emphysema and interstitial lung disease, or patients

with systemic sclerosis-associated PAH, all of whom have a worse prognosis compared with IPAH patients

[9, 37–39]. Patients with PAH usually tend to have a lower DLCO compared with age- and sex-matched
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controls (66% versus 85%, p,0.001), and DLCO has been shown to be lower in CTD-PAH compared with

CHD-PAH (56% versus 71%, p,0.01) [40].

In addition to these well-defined patient populations, there seems to be a subgroup of PAH patients

presenting with a DLCO arbitrarily defined as ,45% predicted who have significantly poorer survival

compared with patients with a DLCO o45% predicted [41]. These patients are usually older than the

general PAH population, more likely to have a history of smoking and have a significantly higher mortality

[41]. Some of these features may be linked to the fact that the patients with a low DLCO tend to be older but

some of the abovementioned clinical features suggest that these patients may also have a different type of

pulmonary vasculopathy [42].

Data from PAH registries have indicated that having a low DLCO is associated with an increased risk

of death in both univariate and multivariate analyses; hazard ratios from 1.5–4.2 have been reported

[12, 22, 41, 43–45]. In addition, two large cohort studies have found that having a lower than predicted

DLCO is linked to more advanced WHO functional class, older age and reduced exercise capacity (table 2).

TRIP et al. [41] found no differences in incidence of conditions that may influence DLCO, such as mild

chronic obstructive pulmonary disease or asthma, between groups. Reanalysis of computed tomography

(CT) scans (140 out of 166 patients) identified more abnormalities in patients with a DLCO ,45%

compared with patients having a DLCO o45%; this may be linked to the increased history of smoking

observed in these patients. Approximately half of the patients (57%) with DLCO ,45% and abnormalities

on CT displayed signs of mild or moderate emphysema without fibrosis. In addition to having a lower than

predicted DLCO, patients had a significantly lower total lung capacity, forced expiratory volume in 1 s

(FEV1) and FEV1/forced vital capacity (FVC) ratio. CHANDRA et al. [44] found no evidence of interstitial

lung disease in their cohort. There was a greater incidence of lung parenchymal abnormalities on chest CT

and significant reductions in total lung capacity, FEV1 and FVC were observed, with no difference in the

FEV1/FVC ratio in patients with a reduced DLCO [44].

This additional subset of PAH patients appears to have more severe disease characteristics. They may be

difficult to diagnose and would therefore benefit from greater awareness, and possibly from inclusion as a

PH/PAH subset in future guidelines.

Conclusion
Comparing data from early PAH registries with those comprising a more contemporary patient population

has indicated a shift towards an older age of diagnosis for patients with PAH. Although both disease

awareness and diagnosis have changed, challenges still exist for the diagnosis of PAH in older patients, with

elderly PAH patients still experiencing a longer duration of symptoms before receiving a diagnosis

compared with younger patients. Within the population of older patients with PAH it is important to

distinguish patient subgroups to better tailor treatment, yet it is still unknown how to optimise treatment.

The subset of elderly patients with a lower DLCO illustrates this as these patients have a more severe

phenotype with poorer survival, advanced NYHA WHO functional class and reduced exercise capacity.

Earlier and improved diagnosis in the elderly PAH population is vital so that these patients may receive

early care. Older patients have been underrepresented in clinical trials for PAH, but we hope future

registries and trials will help to improve the understanding of this patient population and assess their

treatment needs.
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