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Abstract

Pulmonary arterial hypertension (PAH) is a progressive disease with no cure.

Healthcare resource utilization (HCRU; hospitalization, outpatient visits, and

drug utilization) before diagnosis and productivity loss (sick leave and

disability pension) before and after PAH diagnosis are not well known. By

linking several Swedish national databases, this study have estimated the

societal costs in a national PAH cohort (n= 749, diagnosed with PAH in

2008−2019) 5 years before and 5 years after diagnosis and compared to an age,

sex, and geographically matched control group (n= 3745, 1:5 match). HCRU

and productivity loss were estimated per patient per year.

The PAH group had significantly higher HCRU and productivity loss

compared to the control group starting already 3 and 5 years before diagnosis,

respectively. HCRU peaked the year after diagnosis in the PAH group with

hospitalizations (mean ± standard deviation; 2.0 ± 0.1 vs. 0.2 ± 0.0), outpatient

visits (5.3 ± 0.3 vs. 0.9 ± 0.1), and days on sick leave (130 ± 10 vs. 13 ± 1)

significantly higher compared to controls. Total costs during the entire 10‐year
period were six times higher for the PAH group than the control group. In the

5 years before diagnosis the higher costs were driven by productivity loss (76%)

and hospitalizations (15%), while the 5 years after diagnosis the main cost

drivers were drugs (63%), hospitalizations (16%), and productivity loss (16%).

In conclusion, PAH was associated with large societal costs due to high HCRU

and productivity loss, starting several years before diagnosis. The economic

and clinical burden of PAH suggests that strategies for earlier diagnosis and

more effective treatments are warranted.
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INTRODUCTION

Pulmonary arterial hypertension (PAH) is a rare and
serious disease affecting all ages and both sexes.1 The
increased pulmonary pressure and resistance endured by
the disease, lead to increased workload for the right
ventricle and subsequent right ventricular failure and
premature death.1 Early symptoms include shortness of
breath, exhaustion at rest or light exercise, fatigue, and,
in later stages, chest pain and syncope.1 The life
expectancy is compromised with only 51%−55% surviv-
ing 5 years after diagnosis.2,3 This, together with a high
symptom burden, will affect the patient with PAH as well
as their next of kin.1,4 In Sweden, the incidence and
prevalence of PAH are 5−7 and 40−50 patients per
million inhabitants, respectively.3,5

Due to the nonspecific symptoms and the progressive
nature of the disease, patients with PAH have frequent
contact with primary and specialist care both before, and
after diagnosis.1,6–8 This, together with disease targeted
medical treatment, makes the economic burden of PAH
substantial.9–12 Estimations of the societal economic
burden of PAH vary due to differences in data sources,
selection of subjects, and cost components as well as
changes in available treatments and treatment strategies
over time.12 Studies investigating indirect costs of PAH
before and after diagnosis are scarce. However, previous
studies have shown productivity loss regarding employ-
ment and sick leave after diagnosis of PAH13,14 and that
hospitalizations are a substantial driver of costs.10,11,15–17

The aim of this study was to estimate the societal
costs of PAH in Sweden, based on associated healthcare
resource utilization (HCRU) and productivity loss 5 years
before and 5 years after diagnosis compared to a matched
control group. In Sweden, nationwide healthcare regis-
tries collect data from all citizens from birth to death,
allowing for a comprehensive understanding of societal
costs related to PAH.

MATERIALS AND METHODS

This was a retrospective registry‐based case‐control study
including all adult (≥18 years) patients diagnosed with
PAH (n= 759) registered in The Swedish PAH & CTEPH
registry (SPAHR) between January 1, 2008 and June 30,
2019. SPAHR is a national quality registry that includes
>90% of all patients diagnosed with PAH in Sweden.3 All
patients in SPAHR were informed locally about their
participation in the registry and had the right to decline.

A control group (n= 3795, five controls per patient)
was selected from the national population registry by
Statistics Sweden. The control group were individuals

without a PAH diagnosis and matched based on birth
year (age), sex, and place of residence (municipality) at
the date of the patients' PAH diagnosis (index date).

The study was approved by the Swedish Ethical
Review Authority (Dnr 2020‐02573).

Societal setting and data sources

In Sweden, the healthcare system is mainly publicly
funded, and the state, government, and municipalities
share the responsibility for supplying equal healthcare to
all citizens.18 All employed individuals in Sweden are
eligible for sick leave benefits from the Swedish Social
Insurance Agency to cover any loss of income due to
illness, disease, or disability.19 The sick leave benefit can
be combined with part‐time disability pension. The
national pension system is mandatory for all citizens
and constitutes the main source of an individual's age
pension.20

The study consists of individual data merged from
several Swedish national registries. All data were
anonymized by the national registries before delivery to
the authors. Data were extracted 5 years before and
5 years after the index date for all study participants:

SPAHR3 provided clinical data for the PAH group
including date of PAH diagnosis.

Statistics Sweden's longitudinal integration database
for health insurance and labor market studies (LISA)21

provided socioeconomic data on employment status,
education attainment, income level, and date of death.
The Swedish Social Insurance Agency with the microdata
on sickness‐ and activity compensation registry (MiDAS)22

provided data on sick leave and disability pension.
The National Board of Health and Welfare provided

data on HCRU from the National Patient Register23 on
outpatient visits and hospitalizations, and from the
National Prescribed Drug Register24 on prescription drug
utilization. Outpatient visits included physician visits in
hospital but not in primary care. Data on healthcare
consumption and drug utilization were limited to
predefined, related ICD‐10‐SE and ATC codes (Support-
ing Information: Tables S1 and S2). Drug utilization was
measured as defined daily dose (DDD) of dispensed
drugs. Comorbidities were based on ICD‐10‐SE codes in
the National Patient Register 5 years before index date.

With the exception for drug utilization that was only
available from 2005, all variables were available from
2003 (Supporting Information: Figure S1). Data on
socioeconomics, in‐ and outpatient care, drug utilization,
and cause of death were available through 2019 while
data about date of death, sick leave, and disability
pension were available through 2020.
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Data management

Study participants were followed for 5 years after index
date or until censoring at the date of last contact (time of
death or loss to follow‐up), whichever occurred first.
Annual mean HCRU (hospitalizations, outpatient visits,
drug utilization) per patient included uncensored and
living patients present at the beginning of each year.
Total mean costs were calculated over the total 5 years
pre‐ and 5 years post‐index date.

Direct costs related to in‐ and outpatient‐care were
calculated using diagnosis related groups (DRG), a
patient classification scheme for healthcare contacts
providing a means of relating treatment of the groups
to the costs incurred.25 Each visit was attributed a DRG
based cost, without adjusting for extreme outliers. Drug
costs were based on pharmacy listing sales prices.

Indirect costs were restricted to productivity loss and
estimated using the human capital approach.26 Thus, the
time spent absent from work, manifested as sick leave
and disability pension, was valued as the mean gross
salary plus payroll taxes per day in Sweden. The analysis
of participants receiving disability pension included only
individuals with employment, excluding individuals with
age pension as the main source of income. The analysis
of participants on sick leave further excluded participants
with full time disability pension.

Total costs were adjusted for censoring using the
Zhao and Tian censoring estimator.27 The estimator
handles censoring in the data set by weighting
uncensored costs by the likelihood of being censored,
that is, increased weight in parallel with risk of being
censored. In addition, differences in costs between
censored and uncensored individuals are adjusted. Costs
were adjusted to 2020 prices using the consumer price
index28 and converted from SEK to EUR using the
average exchange rate in 2020 (1 EUR= 10.4867 SEK).29

Statistical methods

Participant characteristics at time of index date are
shown as mean and standard deviation (SD) or median
and interquartile range (IQR) for continuous variables,
and frequency (n) and proportions (%) for categorical
variables. Differences between the PAH and the control
group were tested using Student's t‐tests, Mann−Whitney
U tests, and χ2 tests. p< 0.05 were considered significant.
Microsoft Excel 365:2201, SPSS 28, and RStudio
2021.9.2.382 were used for all analyses. Overall survival
was analyzed using Kaplan−Meier estimates with follow‐
up from index date and censoring at the date of last
contact or death.

RESULTS

Of 759 available patients with PAH (PAH group), 10
patients were excluded due to missing data leaving 749
patients with PAH and 3745 matched controls (control
group) for analyses.

Baseline characteristics

The mean (SD) age of the study population was 62 (16) years
and 64% were female (Table 1). The level of education was
lower in the PAH group, mainly due to less individuals
attending university than in the control group. In both
groups, the main source of income was age pension
(Table 1). The proportion with disability pension and
sickness benefits was higher, and the proportion with
income from employment was lower in the PAH group
compared to the control group. The disposable income was
lower in the PAH group.

Comorbidities were more common in the PAH group
than in the control group; hypertension and ischemic heart
disease were twice as common, diabetes three times as
common, and kidney disease six times as common (Table 1).

Characteristics for the PAH group that specifically
relate to the PAH diagnosis are shown in Table 2.

HCRU

The mean number of hospitalizations per person and
year were five times higher in the PAH group than in the
control group over the whole study period (Figure 1a).
Two years before the index date the mean number of
hospitalizations were three times higher in the PAH
group than in the control group (0.5 vs. 0.1 visits,
p< 0.001), the year before the index date it was nine
times higher (1.7 vs. 0.2 visits, p< 0.001), and the year
after the index date it was 12 times higher (2.0 vs. 0.2
visits, p< 0.001; Supporting Information: Table S3a).

Similar trends were seen in the proportion of
individuals with at least one hospitalization per year
(Figure 1b) and the mean number of days spent
hospitalized per person and year (Figure 1c). The mean
number of days spent hospitalized per person and year
over the whole study period was six times higher in the
PAH group compared to the control group (5.9 vs.
1.0 days; Supporting Information: Table S3c).

The mean number of outpatient visits per person and
year was higher in the PAH group than in the control
group (0.9 vs. 0.7 visits, p= 0.004) already 5 years before
the index date (Figure 2a and Supporting Information:
Table S4). Two years before index date the PAH group
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used three times as much outpatient care as the control
group (2.1 vs. 0.8 visits, p< 0.001), the year before the
index date it was four times higher (3.5 vs. 0.9 visits,
p< 0.001), and the first year after the index date, the
mean number of outpatient visits was six times higher in
the PAH group (5.3 vs. 0.9 visits, p< 0.001; Supporting
Information: Table S4).

Drug utilization measured as mean number of
DDD per person and year did not differ between the
PAH group and the control group 5 years before the
index date (384 vs. 327 DDD, p = 0.191), but the mean
cost of drugs was higher (514 vs. 200 EUR, p = 0.006;
Supporting Information: Table S5). Three years before
the index date the mean number of DDD was higher

TABLE 1 Characteristics at index date for the PAH group and the control group

PAH (n= 749) Control (n= 3745) P Value

Age mean years (SD) 62 (16) 62 (16) 0.984

Sex female 64% 64% 1.00

Highest education level attained <0.001

Primary school 30% 27%

Secondary school 50% 46%

University (minimum 2 years) 21% 27%

Missing values (n) 77 69

Main source of incomea <0.001

Work 15% 34%

Disability pension 15% 3%

Age pension 55% 56%

Sickness benefit 7% 1%

Otherb 8% 6%

Missing values (n) 55 25

Disposable annual income, median (IQR), SEK 164,404 (95,912) 187,347 (137,021) <0.001

Disposable annual family income, median (IQR), SEK 278,392 (255,181) 318,886 (318,471) <0.001

Cohabitation 50% 55% 0.024

Proportion with children living at home 17% 23% 0.001

Comorbidities present at any time during the 5‐years before index date (ICD‐10c)

Essential (primary) hypertension (I10) 31% 13% <0.001

Diabetes (E10‐E14) 15% 5% <0.001

Atrial fibrillation and flutter (I48) 13% 4% <0.001

Stroke (I61, I63, I64) 2% 1% 0.382

Ischemic heart diseases (I20−I25) 12% 5% <0.001

Disorders of thyroid gland (E00−E07) 9% 3% <0.001

Acute kidney failure and chronic kidney disease
(N17−N19)

6% 1% <0.001

Dialysis (Z49) 0.4% 0.1% 0.114

Note: Data presented as mean (SD), proportion (%), or number (n).

Abbreviations: IQR, interquartile range; PAH, pulmonary arterial hypertension; SD, standard deviation.
aDuring the (calendar) year of diagnosis.
bOther: Student grants, reimbursement due to care of family member, unemployment benefits, unemployment program/training reimbursement, social
security benefits, no known income.
cICD‐10‐SE, the National Board of Health and Welfare classifications of diseases.30
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in the PAH group compared to the control group (446
vs. 347 DDD, p = 0.016). The year before the index
date the mean number of DDD was twice as high in
the PAH group and the year after the index date the
DDD was four times higher than in the control group.
Costs during the same periods increased from being
four times higher in the PAH group than in the
control group the year before the index date, to 113
times higher the year after the index date (Supporting
Information: Table S5).

Sick leave and disability pension

For study participants eligible for sick leave, the number
of days with sick leave per person and year was three
times higher in the PAH group compared to the control
group already 5 years before the index date (35 vs. 14,
p< 0.001, Figure 3a). The year after the index date, the
sick leave was 10 times higher in the PAH group (130 vs.
13, p< 0.001, Figure 3a).

The study participants eligible for disability pension
in the PAH group had three times more days with

disability pension per person and year than the control
group (114 vs. 36, p< 0.001; Figure 3b) already 5 years
before the index date. This difference remained through-
out the full 10‐year study period (Figure 3b). Sick leave or
disability pension per person and year are presented in
Supporting Information: Table S6.

TABLE 2 Characteristics of the PAH group (n= 749) at time of
diagnosis

PAH etiology

Idiopathic PAH/hereditary PAH 49%

Associated PAH‐connective tissue disease 32%

Associated PAH‐congenital heart disease 11%

Associated PAH‐other 9%

Hemodynamic measurements, mean (SD)

Mean pulmonary artery pressure (mmHg) 46 (14)

Right atrial pressure (mmHg) 8 (5)

Pulmonary artery wedge pressure (mmHg) 9 (4)

Cardiac index (L/min/m)2 2.4 (0.8)

Pulmonary vascular resistance (Wood units) 9.2 (4.7)

Echocardiography, mean (SD)

Right atrial area (cm)2 24 (8)

Pericardial effusion (%) 1.9 (0.3)

Clinical status

Body mass index (kg/m)2, mean (SD) 26 (5)

WHO functional class, I/II/III/IV (%) 2/18/71/10

Six‐min walk distance (m), mean (SD) 299 (138)

Note: Data presented as proportion (%) or mean (SD).

Abbreviations: PAH, pulmonary arterial hypertension; SD, standard
deviation; WHO, world health organization.

FIGURE 1 Healthcare resource utilization by hospitalizations.
(a) Mean number of hospitalizations per person and year (analysis
includes only surviving patients with complete follow‐up data per
year). (b) Proportion with at least one hospitalization per year.
(c) Mean number of days spent hospitalized per person and year.
***p< 0.001; **p< 0.01; *p< 0.05.
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Societal costs

The societal costs were considerably higher for the PAH
group compared to the control group for the total 5‐year
period before as well as the total 5‐year period after
the index date (Table 3). The direct costs were higher
while indirect costs were lower in both groups during the
5 years after index date compared to the 5 years before
the index date (Table 3).

The main costs for the PAH group before the index
date was productivity loss, constituting 76% of the total
costs, while the cost for hospitalizations constituted 15%.
After the index date, prescribed drugs accounted for two

thirds of the total cost, whereof 95% were related to PAH
specific treatment. Hospitalizations and productivity loss
each constituted 16% of the total costs, while outpatient
care accounted for 4% of total costs in the PAH group. The
most common reasons for hospitalization were pulmonary
hypertension, systemic sclerosis, and heart insufficiency.

Mean survival

The 1, 3, and 5‐year survival was 85%, 64%, and 49% in
the PAH group and 98%, 95%, and 91% in the control
group, respectively (Figure 4).

FIGURE 2 Healthcare resource utilization by outpatient visits and dispensed drugs (DDD). (a) Mean number of outpatient visits per
person and year (analysis includes only surviving patients with complete follow‐up data per year). (b) Drug utilization, DDD of drugs per
person and year. ***p< 0.001; **p< 0.01; *p< 0.05. DDD, defined daily dose.

FIGURE 3 Productivity loss for individuals eligible for sick leave or disability pension, that is, not yet receiving age pension as main
income. (a) Sick leave, mean days per person and year (full time equivalents). (b) Disability pension, mean days per person and year (full
time equivalents). ***p< 0.001; **p< 0.01; *p< 0.05.
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DISCUSSION

Patients with PAH had considerably higher HCRU and
productivity loss compared to the matched control group,
starting several years before the PAH diagnosis. In the
PAH group, the main societal cost driver during the
5 years preceding the PAH diagnosis was productivity
loss, while in the 5 years following the diagnosis, in order

of magnitude, they were drugs, hospitalizations, and
productivity loss.

That a debilitating disease like PAH have high HCRU
after diagnosis is neither surprising nor unknown,9–12,15–17

however, the costs for society before diagnosis is less
studied10,17,31,32 and the magnitude of productivity loss
has not been shown before. Hospitalizations as a
substantial cost driver after the PAH diagnosis10,11,15–17

was confirmed by the present study and, importantly,
productivity loss was found to be equally costly. However,
the main cost driver in the present study was drug costs
that were twice as high as the costs for hospitalizations
and productivity loss combined.

Previous studies have shown diverging results of
the main post‐diagnosis cost driver as being either
related to drug costs10,31,32 or to nondrug related
healthcare costs.14–16 This discrepancy might relate to
that a majority of the previous studies are based on
patients identified from insurance claim databases or
databases using criteria such as treatment, procedures,
hospitalization, and/or ICD‐codes and often include
both prevalent and incident patients.10,11,14 The pres-
ent study includes only incident patients with a
confirmed PAH diagnosis included in a national
diagnose registry.3 Furthermore, Swedish national
registries allow the present study to estimate the
societal direct and indirect costs using complete data.
With the addition of five matched controls per patient
and data available from 5 years before as well as 5 years

TABLE 3 Societal costs, estimated over the total 5‐year period pre‐index date and 5‐year period post‐index date data using the Zhao and
Tian (ZT) estimator to adjust for censoring

PAH Control Difference

The 5‐year period before index date

Hospitalizations 11,300 (10,100−12,500) 3200 (2800−3500) 8100 (6900−9400)

Outpatient care 3300 (2900−3800) 1300 (1200−1500) 2000 (1500−2500)

Drugs 3500 (2400−4700) 1100 (900−1200) 2500 (1300−3600)

Productivity lossa 58,300 (51,400−65,300) 17,600 (15,900−19,300) 40,700 (33,600−48,000)

Total societal costs 76,500 (68,800−84,300) 23,100 (21,300−25,000) 53,400 (45,400−61,300)

The 5‐year period after index date

Hospitalizations 28,800 (26,300−31,400) 5000 (4600−5400) 23,800 (21,200−26,300)

Outpatient care 7200 (6700−7800) 2000 (1800−2100) 5300 (4800−5800)

Drugs 112,100 (100,500−123,700) 1600 (1400−1700) 110,500 (98,900−122,200)

Productivity lossa 28,500 (21,100−35,800) 7700 (6100−9300) 20,800 (13,200−28,300)

Total societal costs 176,600 (160,200−193,000) 16,300 (14,500−18,000) 160,300 (143,900−176,800)

Note: Data shown as mean (95% confidence interval), per patient, EUR.

Abbreviation: PAH, pulmonary arterial hypertension.
aSick leave and disability pension.

FIGURE 4 Overall survival for the PAH group and their
matched control group by Kaplan−Meier estimates for 5 years with
follow‐up from index date censored at the date of last contact or
death. PAH, pulmonary arterial hypertension.
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after the PAH diagnosis (index date), this study adds
valuable information.

The HCRU for the PAH patient group increased
already 3 years before diagnosis, which is in line with
previous research.6–8 It is still unclear whether this is due
to diagnostic delay, as early symptoms of PAH are
unspecific7,33 and may be interpreted and treated as heart
or lung diseases,7 or related to diseases that might be risk
factors for PAH. A timely diagnosis of PAH and initiation
of disease specific treatment will likely have prognostic
benefit and lessen the burden and costs of living with
PAH for the patient as well as the society.7 The years
before the PAH diagnosis warrants more in‐depth
analyses to better understand the journey from symptom
onset to diagnosis for patients with PAH and how this
can be shortened. Contribution to societal costs by PAH
subgroups associated to diseases such as connective
tissue disease and congenital heart disease also need
further exploration.

The cost for productivity loss was lower during the
5 years after diagnosis compared to the 5 years before
diagnosis in both groups. This can be explained by an
aging cohort, resulting in an increased proportion of
deceased or retired persons. The higher mortality rate in
the PAH group will affect the productivity loss in the
PAH group to a higher degree than in the control group.
The poor survival of patients with PAH in Sweden are in
line with results from other pulmonary hypertension
registries,2,34 which may indicate international homoge-
neity in clinical practice as well as in treatment
strategies.1 The comparison with the matched control
group in this study is unique and the results are
alarming. The considerably higher mortality rate in the
PAH group highlights the need for earlier diagnosis, a
risk stratification tool easy to use in clinical practice as
well as new and improved treatments, and likely, earlier
referral for lung transplantation.

The present study adds new and important knowl-
edge regarding the burden of PAH for the healthcare
system, the society, and the patients with PAH. However,
to understand how the burden can be reduced, further
and more detailed studies of these direct and indirect
costs are warranted. This information might also be
useful for evaluation of present care including the effect
of new treatments and treatment strategies and the effect
of risk stratification and compliance to disease specific,
international guidelines.

Strengths and limitations of the present study are the
mainly tax funded national systems of healthcare, social
insurance, and pension in Sweden that provide a high
national coverage of all the included registries and the
inclusion of an age, sex, and geographically matched
control group, five controls per patient, are key strengths

of the present study. All PAH‐specialist centers in
Sweden participate in SPAHR allowing for a national
coverage of >90% of all patients diagnosed with PAH in
Sweden. Only incident patients with a confirmed PAH
diagnosis were included. The presentation of indirect
effects of PAH such as sick leave, disability pension, and
the related productivity loss is another strength of the
study.

Limitations include the censoring of data where
patients diagnosed late in the study period had shorter
follow‐up time and that the HCRU did not include
primary care. To show the utilization progress in the
living cohort, the HCRU analyses were limited to living
and non‐censored individuals inducing a bias toward in-
dividuals diagnosed with PAH early in the data collection
period.

In conclusion, PAH is associated with large societal
costs, comprised of high HCRU and productivity loss,
starting several years before diagnosis. Although PAH is a
rare disease, the economic burden imposed on society and
the high mortality rate, show that strategies for earlier
diagnosis and more effective treatments are warranted.
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