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ABSTRACT

Pulmonary arterial hypertension (PAH) is a heterogenic diagnosis including idiopathic and hereditary PAH (IPAH/HPAH) and groups
associated to connective tissue disease (APAH-CTD) and congenital heart disease (APAH-CHD). Pre- and post-diagnosis societal costs
in PAH subgroups are not well known. By linking Swedish national databases, societal costs in a national PAH cohort 5 years before
and 5 years after diagnosis were estimated and compared to an age, sex, and geographically matched control group (1:5 match). Incident
patients diagnosed 2008-2019 were included (patient/control; IPAH/HPAH = 393/1965, APAH-CTD = 261/1305, APAH-CHD = 89/
445). Pre-diagnosis mean societal costs were 2.9, 3.4, and 4.3 times higher for IPAH/HPAH, APAH-CTD and APAH-CHD patients,
respectively, than controls. Post-diagnosis, mean costs had increased 3.1, 2.0, and 1.6 times further for IPAH/HPAH, APAH-CTD and
APAH-CHD respectively, while it decreased in all control groups. Main cost driver pre-diagnosis were indirect costs (productivity loss)
in both patient and control groups, however, 2.7-4.5 times higher in the patient groups. Post-diagnosis, the main cost driver for all
groups were health care costs (in- and outpatient-care, drugs) that had increased 7.8, 5.4 and 6.8 times for IPAH/HPAH, APAH-CTD
and APAH-CHD, respectively. Corresponding increase for controls were 17%-48%. For the PAH groups, drug treatment accounted for
70%-81% of the direct costs, while hospitalizations were the main driver for the control groups. In conclusion, PAH was associated with
large societal costs. Pre-diagnosis, APAH-CHD had the highest societal costs, both in relation to their control group and compared to the
other patient groups. Post-diagnosis, highest societal costs were seen in IPAH/HPAH.

1 | Introduction patients with associated diseases, contact with the health care
system before the PAH diagnosis are common and expected [2].

Patients with pulmonary arterial hypertension (PAH) have a Increasing age at time of PAH diagnosis incurs a higher

high symptom burden as well as increased levels of morbidity
and mortality [1]. PAH is a heterogenic diagnosis with sub-
groups that include idiopathic and hereditary PAH (IPAH/
HPAH) and groups associated to other diseases (APAH) [1].
The most common associated diseases are connective tissue
disease (CTD) and congenital heart disease (CHD) [1]. For

comorbidity burden that contribute to an increased health care
resource utilization (HCRU) [1, 3, 4].

A recent study based on national registries showed that in a
period including 5 years before, and 5 years after the PAH
diagnosis, the patients had 12 times higher overall HCRU than
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an age, sex and geographically matched population without
PAH [2]. The same study also showed that the HCRU increased
already 3 years before the PAH diagnosis [2], confirming the
delay from the first symptom to diagnosis shown in previous
studies [5-8]. However, it is not known if and how pre- and
post-diagnosis societal costs, including HCRU, differ between
the PAH subgroups. In Sweden nationwide health care regis-
tries collect data from all citizens from birth to death, allowing
for a comprehensive understanding of societal costs related to
PAH subgroups.

Therefore, the aim of this study was to estimate the societal
costs of PAH subgroups, comprising HCRU and productivity
loss for a period of 5 years before and 5 years after diagnosis.
The costs will be compared to control groups without PAH,
matched for age, sex and geographical area.

2 | Materials and Methods

This retrospective registry-based case-control study included all
incident, adult (>18 years) patients diagnosed with IPAH/
HPAH, APAH-CTD or APAH-CHD and registered in the
Swedish PAH & CTEPH registry (SPAHR) between January 1,
2008, and June 30, 2019 (excluding patients with <6 months
follow-up after diagnosis). Patients with other PAH diagnoses
(in total 8%) were excluded due to the heterogenic nature of the
diagnoses in that group. SPAHR is a national quality registry
that includes >90% of all patients diagnosed with PAH in
Sweden [9]. The PAH diagnosis was set by right heart cathe-
terization according to the European Society of Cardiology and
European Respiratory Society (ESC/ERS) guidelines for the
diagnosis and treatment of pulmonary hypertension effective at
the time of diagnosis.

A control group, comprising five controls per included patient,
was selected from the national population registry by Statistics
Sweden (SCB). The control group were individuals without a
PAH diagnosis during the whole 10-year study period and
matched for sex, age (birth year) and place of residence
(municipality) at the date when the patient was diagnosed with
PAH. The patient's date of diagnosis was considered the index
date for both groups (index date).

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

21 |
Setting

Swedish Health Care and Social Security

In Sweden, the health care system is mainly publicly funded,
and the state, government, and municipalities share the
responsibility for supplying equal health care to all citizens [10].
All working 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 [11]. 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 [12].

2.2 | Data Sources

Individual data from several Swedish national registries
(Supporting Information S1: Figure S1), 5 years before and
5 years after the index date, were extracted for all study parti-
cipants. All data were anonymized by the national registries
before delivery to the researchers. All patients in SPAHR were
informed locally about their participation in the registry and
had the right to decline. Reporting to all other national regis-
tries utilized in the study is mandatory and based on health care
administrative systems.

SPAHR [9] provided clinical data at time of diagnosis for the
patients with PAH (Supporting Information S1: Table S1), i.e.
hemodynamic and echocardiography measurements and mea-
surements of clinical status (body mass index, WHO functional
class and 6-min walked distance) including date of PAH
diagnosis.

Statistics Sweden'’s longitudinal integration database for health
insurance and labor market studies (LISA) [13] provided socio-
economic data on employment status, education attainment,
income level and date of death. The Swedish Social Insurance
Agency with the microdata on sickness- and activity compensa-
tion registry (MiDAS) [11] provided data on sick leave and dis-
ability pension.

The National Board of Health and Welfare provided data on
HCRU from the National Patient Register [14] on outpatient
visits and hospitalizations, and from the National Prescribed
Drug Register [15] on prescription drug utilization. Outpatient
visits included physician visits at specialist outpatient clinics
but not at primary care clinics. Data on health care consump-
tion and drug utilization were limited to predefined, related
ICD-10-SE [16] and ATC codes (Supporting Information S1:
Table S2). Drug utilization was measured as a defined daily dose
(DDD) of dispensed drugs. Comorbidities were based on ICD-
10-SE codes in the National Patient Register 5 years before the
index date.

With the exception for drug utilization that was only available
from July 2005, all variables were available from 2003
(Supporting Information S1: Figure S1). Data on in- and out-
patient care, drug utilization, sick leave, and disability pension
[17] were available through 2020. Data on socioeconomics was
available through 2019, and date of death through 2021.

2.3 | Data Management—Cost Calculations

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 begin-
ning 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 health care contacts providing a means of relating
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treatment of the groups to the costs incurred [18]. 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 [19]. Thus, the time spent
absent from work, manifested as sick leave and disability pen-
sion, was valued as the mean gross salary plus payroll taxes
per day in Sweden. The analysis of participants receiving dis-
ability 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 ex-
cluded participants with full time disability pension.

Total costs were adjusted for censoring using the Zhao and Tian
censoring estimator [20]. The estimator handles censoring in
the data set by weighting uncensored costs by the likelihood of
being censored, i.e., increased weight in parallel with risk of
being censored. In addition, differences in costs between cen-
sored and uncensored individuals are adjusted. Costs were
adjusted to 2023 prices using the consumer price index (CPI)
[21] and converted from SEK to EUR using the average ex-
change rate in 2023 (1 EUR =11.47652 SEK) [22].

2.4 | 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. Costs are presented as mean (95%
confidence interval) to reflect the actual societal costs. Differences
between the PAH subgroups and their matched control groups
were tested using Student's ttests, Mann Whitney U-tests, and
Chi-2 tests. P-values < 0.05 were considered significant (two-sided
test). 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 cen-
soring at the date of last contact or death.

3 | Results

A total of 743 patients were included in the study, 393 patients
with IPAH/HPAH, 261 patients with APAH-CTD and 89 pa-
tients with APAH-CHD. Corresponding numbers for the mat-
ched controls were 1965, 1305 and 445, respectively.

3.1 | Characteristics at Index Date

Patients with APAH-CTD and their matched controls were the
oldest, averaging 66 + 13 years at index date, followed by those
with IPAH/HPAH at 63+17 years and APAH-CHD at
44 + 19 years. The proportion of females was higher than males
in all groups (Table 1). Patients with IPAH/HPAH exhibited a
lower level of education compared to their matched controls,
with fewer patients having attended university. The proportion
of individuals whose main income derived from age pension
was similar between patients and controls across all groups

while fewer patients than controls had employment as their
main income (Table 1). The APAH-CHD group had lower dis-
posable income and fewer lived in co-habitation and with
children living at home, compared to matched controls.

Essential hypertension, atrial fibrillation, ischemic heart disease,
thyroid disorders and kidney disease were more common in the
IPAH/HPAH and APAH-CTD groups than their controls, while
patients with APAH-CHD more often had essential hypertension,
atrial fibrillation, stroke and kidney disease than their controls.
Presence of diabetes was four times higher in the IPAH/HPAH
group than matched controls (Table 1). Detailed PAH diagnosis
characteristics are shown in Supporting Information S1: Table S2.

3.2 | Health Care Resource Utilization and Costs
HCRU costs, including hospitalizations, outpatient visits and
drug treatment, was significantly higher already 5 years before
index date for all three patient groups compared to their mat-
ched controls. HCRU remained higher in patients compared to
controls over the full study period (Figure 1; Supporting
Information S1: Tables S3-5). Thus, the HCRU results pre-
sented hereafter will show the three patient groups. Detailed
comparisons between each patient group and its control group
can be found in the Supplemental Tables.

Hospitalizations: Five years before diagnosis, hospitalization
metrics, including the number of days hospitalized per person/
year, proportion of patients hospitalized, and associated costs
were similar for IPAH/HPAH and APAH-CTD, but lower for
APAH-CHD compared to the other groups (Figures 1 and 2,
Supporting Information S1: Table S3a-e). In the year before and
after diagnosis, the proportion of patients hospitalized, and the
number of days hospitalized reached comparable peaks in the
IPAH/HPAH and APAH-CTD groups. Concurrently, the costs
associated with in-hospital care increased four to five times for
IPAH/HPAH and APAH-CTD and doubled in APAH-CHD, and
consequently, costs for APAH-CTD were 29% higher than for
IPAH/HPAH and 122% higher than for APAH-CHD. Two years
post-diagnosis, costs had decreased by 35% for IPAH/HPAH
and increased 9% and 71% for APAH-CTD and APAH-CHD,
respectively, compared to the year preceding the diagnosis.
Throughout the study, in-hospital care costs remained higher
for APAH-CTD compared to the other groups (Figure 1, Sup-
porting Information S1: Table S3a-e).

Outpatient care: Five years before diagnosis, patients with APAH-
CTD had 73% more outpatient visits per person/year than patients
with IPAH/HPAH and 86% more than patients with APAH-CHD.
Costs for APAH-CTD outpatient visits were 77% and 117% higher
than for IPAH/HPAH and APAH-CHD respectively. This pattern
between groups persisted throughout the entire study period
(Figures 1 and 2, Supporting Information S1: Table S4a-S4c).

Drug utilization, measured as the mean number of DDD per
person/year was comparable in IPAH/HPAH and APAH-CTD
before the index date at about twice the level of APAH-CHD.
During the pre-index date period DDD increased 20% across all
patient groups. Over this period drug costs for APAH-CHD
were 142% higher than IPAH/HPAH and 99% higher than
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FIGURE1 |

Health care resource utilization costs for PAH subgroups and control groups. Panel A) hospitalizations, Panel B) outpatient visits

and C) drug treatment. Figure legend: IPAH/HPAH blue, APAH-CTD orange and APAH-CHD gray. Patient groups are shown as solid lines and
control groups as dotted lines. Number of patients and controls included for each year can be found in Supporting Information S1: Tables S3-5.

APAH-CTD (Figures 1 and 2, Supporting Information S1:
Table S5a,b). The APAH-CHD group included two patients that
started on PAH-targeted treatment 5 years before diagnosis, one
patient started 1.8 years before diagnosis and two patients
started 64 and 23 days before diagnosis. Post-index date, drug
costs per person/year was highest in the IPAH/HPAH group.
Over the 5-year post-index date period, DDD were 102% and
136% higher, and costs 36% and 22% higher, for IPAH/HPAH
and APAH-CTD, respectively, compared to APAH-CHD.

3.3 | Sick Leave and Disability Pension

Five years before diagnosis, sick leave and disability pension
rate were 44% for IPAH/HPAH, 61% for APAH-CTD and 49%,
for APAH-CHD. Five years post-diagnosis these rates had

increased to 58%, 77%, and 63%. Control groups exhibited stable
rates, averaging 22% before and 19% after index date. (Figure 3,
Supporting Information S1: Table S6a-6c).

3.4 | Societal Costs

The total societal costs for the IPAH/HPAH, APAH-CTD and
APAH-CHD groups were 2.9, 34 and 4.3 times higher,
respectively, compared to their control groups over the 5-year
period before the index date (Table 2). Post-index date, the
societal costs increased 3.1 times for IPAH/HPAH, 2.0 times for
APAH-CTD, and 1.6 times for APAH-CHD compared to the
pre-index date period. Societal costs decreased in all control
groups after the index date.
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FIGURE 2 |

Health care resource utilization presented for the patient groups. Panel A) Number of hospitalizations, Panel B) Patients with > 1

hospitalization/year, Panel C) Number of days spent hospitalized, Panel D) Outpatient visits, Panel E) Drug utilization. a = one patient spent the
whole -5 year in hospital, mean number of days/year excluding this outlier was 0,8 days. Number of patients included for each year can be found in

Supporting Information S1: Tables S3-5.

Indirect costs, primarily productivity loss, was the main cost
driver before the index date, accounting for 60%, 62%, and
77% of the total costs for IPAH/HPAH, APAH-CTD and
APAH-CHD, respectively (Table 2). Post-index date, the
direct costs, including hospitalization, outpatient care and
drug treatment, had increased 7.8, 5.4, and 6.8 times for
IPAH/HPAH, APAH-CTD, and APAH-CHD, respectively,
and became the main cost driver. Prescribed drugs accounted

for 70%-81% of the direct costs, whereas hospitalizations
were the main cost driver for the control group.

3.5 | Mean Survival

The one, three and 5-year survival was 85%, 64%, and 47% in the
IPAH/PAH group, 82%, 59%, and 43% in the APAH-CTD group
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A) Sick leave
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FIGURE 3 |

Productivity loss for the patient groups. Data include individuals eligible for sick leave or disability pension, i.e. not yet receiving age

pension as main income. Panel A) Sick leave, mean days per person and year (full time equivalents); Panel B) Disability pension, mean days per

person and year (full time equivalents). Number of patients and controls included for each year can be found in Supporting Information S1: Table S6.

and 97%, 82%, and 74% in the APAH-CHD group (Figure 4).
Corresponding rates for the control groups were 98%, 94%, and
93% (control IPAH/HPAH), 99%, 95%, and 91% (control APAH-
CTD) and 99%, 98%, and 96% (control APAH-CHD).

4 | Discussion

Total societal costs over the 5 years before index date was
highest in the APAH-CHD group followed by APAH-CTD and
IPAH/HPAH in that order. Over the 5 years after index date,
total costs were highest in the IPAH/HPAH group and lower,
but similar, in the two other patient groups. The main cost
driver before index date was indirect costs, i.e. productivity loss,
in all patient groups. After index date, the main cost driver was
drug treatment, accounting for 70%-80% of the costs. In all
control groups, productivity loss was the main cost driver before
index date and hospitalizations after index date.

There are diverging results in previous studies whether the main
post-diagnosis cost drivers are drug costs [23-25] or nondrug related
health care costs [26-28] for patients with PAH. In the present
study, hospitalizations and outpatient care was four to six times
higher in patients than matched controls in the 5-year period after
index date, while the costs for drug treatment was 50-60 times
higher. This supports that in the modern treatment era, drug cost is
the largest component of the societal costs not only in the total PAH
cohort, but also in each of the PAH subgroups. The high national
coverage of the Swedish PAH registry [9] and of direct and indirect
societal costs from the Swedish national governmental registries
[10-22], allow us to present data from a comprehensive national
cohort. Thus, possible inclusion disadvantages that insurance claim
databases endure can be avoided [4, 23, 26]. In addition, the
availability of five randomly selected controls without PAH from the
population registry matched by age, sex and geographical area for
each patient and with data available from 5 years before as well as
5 years after the PAH diagnosis (index date) these results are
strengthened further.

The productivity loss in the APAH-CHD group before diagnosis
was more than twice as high as the productivity loss in the

IPAH/PAH group and 50% higher than in the APAH-CTD
group. Employment rates are in general lower among in-
dividuals with CHD compared to healthy individuals [29] and
PAH will not lessen this burden. In the present study, patients
with APAH-CHD had a higher proportion of their income from
disability pension than from work, confirming low employment
rates as the source of the productivity loss. Costs for drug
treatment was also higher in the APAH-CHD group before
diagnosis when compared to the other patient groups. This was
largely related to the three patients with APAH-CHD receiving
PAH-targeted treatment in the years before the study-defined
index date. These patients were likely diagnosed with PAH as
children or young adults and on PAH-targeted treatment when
registered in SPAHR at the age of 18.

Health care costs, i.e. hospitalizations, outpatient visits and
drug treatment, where significantly higher in all three patient
groups already 5 years before index date compared to their
control groups. This differs partly from our previous study
where the total PAH cohort was compared to a matched
control group and where the trends in hospitalizations did not
separate until 3 years before index date [2]. This highlights
both the strong relation between health care costs and un-
derlying diseases and age, and thus, the importance of hand-
ling the PAH subgroups individually when analyzing cost. The
results are somewhat surprising. That the two groups with
associated diseases, APAH-CTD and APAH-CHD, had higher
health care related costs than their matched controls already at
5 years before index date was expected. But that a similar
pattern was seen for the IPAH/HPAH group has not been
shown earlier. As the control groups are matched for age and
sex, and geographical area was used as a socioeconomic sub-
stitute match, this finding was unexpected. One might spec-
ulate that changes in the pulmonary vasculature start earlier
in IPAH/HPAH than previously believed. The lower level of
education, i.e. lower proportion with a university degree and a
significantly higher comorbidity burden than their matched
controls already at time of index date is also an indication that
IPAH/HPAH have effects on health and life earlier than pre-
viously shown. This interesting finding will be investigated
further.
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TABLE 2 |

Societal costs, estimated over the total five-year period pre-index date and five-year period post-index date data using the Zhao and

Tian (ZT [20];) estimator to adjust for censoring. Data shown as mean (95% confidence interval), per patient, EUR (exchange rate, mean

2023 = 11.48kr/€uro [22]).

Five-year period before index date

Five-year period after index date

IPAH/HPAH Control Difference IPAH/HPAH Control Difference
Hospitalizations 17 421 4 349 13 072 30 341 6 808 23 533

(15 311-19 530) (3 864-4 833) (10908-15236) (26 158-34 525) (6 138-7 478) (19 296-27 770)
Outpatient care 4 360 1 807 2 553 8 049 2 549 5 500

(3 806-4 913) (1 528-2 086) (1 933-3 173) (7 251-8 847) (2 258-2839) (4 651-6 350)
Prescribed drugs 5 802 1 967 3835 171 189 2 708 168 481

(4 487-7 118) (1 774-2 160) (2 506-5 165) (147 846-194 532) (2 321-3 096) (145 135-191 827)
Total direct 27 583 8 122 19 460 216 119 12 009 204 110

(24 638-30 527) (7 380-8 864) (16 423-22497) (190 700-241 538) (10 990-13 027) (178 671-229 549)
Productivity loss' 41 360 15 460 25 900 1 027 209 818

(32 616-50 105) (13 050-17 870) (16 830-34971)  (828-1 226) (164-253) (615-1 022)
Total societal costs 68 943 23 582 45 360 217 146 12 217 204 928

(59 031-78 855) (20 971-26 194) (35 110-55 611)

(191 685-242 607) (11 196-13 239) (179 447-230 410)

Five-year period before index date

Five-year period after index date

APAH-CTD Control Difference APAH-CTD Control Difference
Hospitalizations 21 603 4 889 16 715 42 190 7 760 34 430

(18 995-24 212) (3 989-5 788) (13955-19474) (36 672-47 708) (6 806-8 714) (28 830-40 030)
Outpatient care 7 838 1 965 5873 11 429 2717 8 712

(6 541-9 136) (1 793-2137) (4 564-7 182) (9 434-13 423) (2 475-2959) (6 702-10 721)
Prescribed drugs 7 057 2 621 4 436 137 835 2 825 135 010

(4972-9 143) (2169-3 074) (2 302-6 570) (119 025-156 644) (2 359-3 290) (116 194-153 825)
Total direct 36 499 9 475 27 024 196 279 13 148 183 131

(32 121-40 877) (8 309-10 641) (22493-31554) (175271-217 287) (11 866-14 431) (162 084-204 177)
Productivity loss' 60 373 19 011 41 362 1108 196 913

(47 947-72 798) (15 879-22 143) (28 548-54176)  (857-1 360) (140-251) (655-1 170)
Total societal costs 96 871 28 486 68 386 197 387 13 344 184 043

(82 233-111 510) (24 997-31 974) (53 338-83 434)

(176 310-218 465) (12 058-14 630) (162 926-205 160)

Five-year period before index date

Five-year period after index date

APAH-CHD Control Difference APAH-CHD Control Difference
Hospitalizations 11 339 2 551 8 789 24 726 3253 21 473
(7 299-15 380) (1 793-3 308) (4 678-12900) (17 682-31 771) (2 192-4 315) (14 349-28 597)
Outpatient care 3 564 1 363 2 201 6 858 1 806 5052
(2 781-4 347) (1 113-1613) (1 379-3 023) (5 769-7 947) (1 523-2 090) (3927-6 177)
Prescribed drugs 14 015* 3093 10 921 158 326 3 067 155 258
(—4 364-32 393) (—140-6 327) (=7 739-29 582) (136 634-180017) (584-5551) (133 425-177 091)
Total direct 28 918 7 007 21 912 195 542 8 196 187 346
(8 777-49 060) (3 636-10 377) (1 490-42 333) (169 604-221 479) (5 379-11 013) (161 256-213 436)
Productivity loss’ 94 248 21 698 72 550 1925 311 1613
(67 967-120 529) (15 872-27 524) (45 631-99 469) (1 411-2 438) (197-425) (1 087-2 139)
Total societal costs 123 167 28 705 94 462 197 466 8 507 188 959

(91 786-154 547) (21 858-35 552) (62 343-126 580)

(171 524-223 408) (5 679-11 335) (162 863-215 055)

Abbreviations: APAH = associated PAH, CTD = connective tissue disease, CHD = congenital heart disease, HPAH = hereditary PAH, IPAH = idiopathic PAH,
PAH = pulmonary arterial hypertension.
!Sick leave and disability pension.

*Include two patients started on PAH-targeted treatment 5 years before diagnosis, one patient 1.8 years before diagnosis and two patients 64 and 23 days before diagnosis.
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FIGURE 4 | Overall survival for the PAH subgroups (red) and their matched control groups (blue) by Kaplan-Meier estimates for five years

follow-up from index date and censored at the date of last contact or death.

Despite improved treatments, long-term prognosis for patients
with PAH remains poor. The seriousness of the diagnosis is put
in context when the survival is presented in the perspective of
an age, sex and geographically matched control group as in the
present study. In the first data from the NIH registry, started in
1981 and included patients diagnosed with primary PH, the
median survival was 2.8 years [30]. Almost 45 years later, the
median survival has not yet risen above 5-years. Already in this
first publication by D'Alonzo et al, the importance of reaching a
low functional class and the need for an earlier diagnosis was
discussed [30]. This is further emphasized in the present study,
the rapid increase in health care costs that start two to 3 years
before diagnosis in all patient groups, confirm the diagnostic
delay as has been described earlier [2, 5-7]. One might have
expected that patients with an underlying disease, known to be
associated with PAH should have been diagnosed earlier.
However, based on the HCRU trends as well as increased sick
leave in the year before diagnosis and most patients in WHO FC
III/IV at time of diagnosis in the present study, this do not seem
to be the case. Improved diagnostic tools for primary care,
emergency care and specialist in rheumatology and cardiac care
are clearly warranted.

Strengths of the present study are the mainly tax-funded national
systems of health care, social insurance and pension in Sweden
that provide high national coverage of all the included regis-
tries, and the inclusion of an age, sex, and geographically

matched control group, five controls per patient. All PAH-
specialist centers in Sweden participate in SPAHR allowing for
a national coverage of > 90% of all patients diagnosed with PAH
in Sweden. The presentation of indirect effects of PAH such as
sick leave, disability pension and related productivity loss is
another strength of the study.

Limitations of the study include the censoring of data where
patients diagnosed late in the study period had a shorter follow-
up time. Additionally, drug utilization data was unavailable
before mid-2005, which resulted in missing data for the first
couple of years for patients included between 2008 and mid-
2010. Moreover, the health care resource utilization did not
encompass primary care. To illustrate the utilization progress in
the living cohort, the HCRU analyses were limited to living and
non-censored individuals inducing a bias towards individuals
diagnosed with PAH early in the data collection period. Limi-
tations typically associated with observational registry studies,
such as selection bias, lack of standardization of registered
variables and missing follow-up data might be present.

In conclusion, all PAH subgroups incurred significant societal
costs, exceeding those of matched controls already 5 years
before diagnosis. Pre-diagnosis costs were primarily driven by
productivity loss, whereas post-diagnosis costs were dominated
by inpatient and outpatient care as well as drug treatment.
Before diagnosis, APAH-CHD exhibited the highest societal
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costs, while after diagnosis the highest societal costs were seen
in IPAH/HPAH. This highlights both the economic burden
imposed on society as well as the importance of handling the
PAH subgroups individually in HCRU analyses.
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