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ABSTRACT

Background: Women with idiopathic pulmonary arterial hypertension (IPAH) have been found to have a
worse haemodynamic status at diagnosis, but better survival than men. Over the past decade,
demographics have changed and new treatments have become available. The objective of this study was to
investigate sex differences in an incident IPAH population diagnosed between 2008 and 2016.

Methods: Differences in clinical characteristics of patients included in the Swedish Pulmonary Arterial
Hypertension Register (SPAHR) were analysed at the time of diagnosis. Survival by sex was investigated
using Cox proportional hazard regression and Kaplan-Meier curves.

Results: The study included 271 patients diagnosed with IPAH, median age was 68 (Ist-3rd quartiles
54-74) years and 56% were women. At diagnosis, women were younger, had lower pulmonary vascular
resistance and fewer comorbidities and more often received a combination of PAH-targeted therapies than
men. Men had worse survival rates than women (hazard ratio 1.49; CI 1.02-2.18; p=0.038), but this
difference did not remain after adjustment for age (hazard ratio 1.30; CI 0.89-1.90; p=0.178).

Conclusions: Men with incident IPAH have worse crude survival than women. This is due to women
being younger with a less pronounced comorbidity burden than men at the time of diagnosis.
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Despite minor differences in baseline characteristics between men and women, survival among
patients with incident IPAH diagnosed 2008-2016 does not appear to be related to sex http://bit.
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Introduction

Pulmonary arterial hypertension (PAH) is a debilitating disease characterised by structural changes of the
small pulmonary arteries and subsequent increased pulmonary vascular resistance, ultimately leading to
right heart failure and death [1]. However, with modern PAH-targeted therapies and improved treatment
strategies, the overall outcome of patients with PAH has improved considerably during the last decade
[1-3].

Traditionally, idiopathic PAH (IPAH) has been considered a disease predominantly affecting women [4, 5];
however, recent studies suggest that while women are still in the majority among the younger patients, the
distribution of men and women is more equal among older patients with IPAH [6-8]. Several reasons for
the higher female prevalence have been proposed, such as the role of sex hormones [9], autoimmunity or
an X-linked locus in disease predisposition [10]. Nevertheless, no definitive pathogenetic mechanism
supporting the association between female sex hormones and PAH has been identified.

It has been suggested that women with IPAH, familial, and/or anorexigen-associated PAH have better
survival rates than men [11-14]. It has also been suggested that men have worse residual volume function
than women at the time of diagnosis [11, 15]. However, previous studies comparing sex differences
included younger populations with a mean age at diagnosis around 50 years [11, 13, 15]. This differs from
the most recent registry reports where the mean age often exceeds 60 years [6-8]. Moreover, recent
improvements in treatment strategies have changed the outcome for these patients [3] and this might not
be reflected in the earlier studies.

The aim of the present study was to investigate sex-related differences in baseline characteristics and
outcome among incident patients with IPAH diagnosed between 2008 and 2016 and included in the
Swedish PAH Register (SPAHR; 6, 16).

Material and methods

Data recorded in SPAHR [6, 16] were used for the present study. All Swedish PAH centres participate in
SPAHR and thereby enable a high national coverage [6, 16]. SPAHR was approved by the National Board
of Health and Welfare and by the Swedish Data Protection Authority. All patients were informed about
their participation and had the right to decline. The present study complies with the Declaration of
Helsinki and was approved by the local ethics committee in Gothenburg, Sweden (Dnr. 2015/1002).

Study population

Adult, incident patients diagnosed with IPAH between January 2008 and July 2016 and registered in
SPAHR were included in the study. The IPAH diagnosis was made by right heart catheterisation according
to the European Society of Cardiology (ESC) and European Respiratory Society (ERS) guidelines for the
diagnosis and treatment of pulmonary hypertension effective at that time [1, 17]. Baseline was defined as
the day of diagnosis. Results are presented for the total population, but to be comparable with previous
studies, where the mean age was 48-53 years [11, 13, 15], results in the present study were also
dichotomised in age groups <65 years and >65 years. In the present study, the mean age in the <65 years
group was 48 years.

Variables

SPAHR baseline data include demographics, World Health Organization functional class (FC),
haemodynamic parameters obtained by right heart catheterisation, 6-minute walking distance (6 MWD),
blood biochemistry, comorbidities and medical treatments. Creatinine levels were used to estimate
glomerular filtration rate (eGFR) according to the Cockcroft-Gault formula [18].

Statistical methods and data management

The Kruskal-Wallis test was used for statistical comparisons of continuous variables between the study
groups. For categorical variables, differences were tested by using the Chi-square test or, in the case of low
expected frequencies, Fisher’s exact test. Survival differences were analysed by use of the Kaplan-Meier
method and the log-rank test, as well as Cox proportional hazards models. Patients were censored at lung
transplantation or June 29, 2016. Results are presented as the hazard ratio (HR) with a 95% confidence
interval (CI). In addition, descriptive statistics were used to characterise the data. All analyses were carried
out using SAS statistical software (SAS system for Windows 9.4, SAS Institute Inc., Cary, NC, USA) and
the 5% level of significance was chosen.

Results

There were 271 patients with IPAH available for analysis, of which 151 (56%) were women. The median
age was 68 (Ist-3rd quartiles 54-74) years and the median follow-up time was 3.8 (1.9-6.0) years. During
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the course of the study period, 107 patients (52 women and 55 men) died and 14 patients (11 women and
3 men) underwent lung transplantation. At the time of diagnosis, women were younger, had lower
pulmonary vascular resistance (PVR) and fewer comorbidities (in particular atrial fibrillation and
ischaemic heart disease) than men (table 1). While women more often received an upfront combination of
PAH-targeted treatment than men (table 1), there were no differences between sexes in the proportion that
received baseline treatment with an endothelin receptor antagonist (ERA; women 53% versus men 53%,
NS) or a phosphodiesterase inhibitor (PDEi; women 40% versus men 37%, NS).

The 1-, 3- and 5-year survival rates were 88, 74 and 68% for women and 78, 62 and 55% for men,
respectively (figure la). Survival rates were worse for men than for women (HR 1.49; CI 1.02-2.18;
p=0.038), but this difference did not remain after adjustment for age (HR 1.30; CI 0.89-1.90; p=0.178) or
when adjusting for relevant variables that differed between the sexes; age, PVR, atrial fibrillation, ischaemic
heart disease and PAH-targeted treatment regime (HR 1.38; CI 0.89-2.15; p=0.152).

Age group <65 years
Among patients <65 years, 67% were women. There were no differences in baseline characteristics between
women and men (table 2).

TABLE 1 Baseline characteristics by age and sex

Women (n=151) Men (n=120) p-value

Age years 65 (49-72) 70 (60-74) 0.004
WHO-FC I/1i/1ll/\v 3/18/114/16 (2%/12%/75%/11%)  1/28/81/10 (1%/23%/68%/8%) 0.088
BMI kg-m—2 26 (23-30) 26 (23-29) 0.274
6MWD m 232 (180-349) 277 (178-415) 0.307
SBP mmHg 129 (110-145) 131 (119-148) 0.114
D\ co % predicted 47 (32-66) 43 (30-60) 0.415
eGFR mL-min~" per 1.73 m? 59 (41-81) 59 (43-80) 0.990
NT-proBNP ng-L_1 1597 (590-2979) 1650 (741-4239) 0.729
Comorbidities

Hypertension 59 (43%) 60 (57%) 0.064

Diabetes mellitus 32 (23%) 37 (35%) 0.067

Atrial fibrillation 16 (12%) 25 (24%) 0.023

Ischaemic stroke 6 (4%) 10 (9%) 0.200

Ischaemic heart disease 13 (9%) 29 (27%) 0.001
Number of comorbidities

0 comorbidities 60 (44%) 24 (23%)

1 comorbidity 42 (31%) 27 (25%) <0.001

>2 comorbidities 35 (25%) 55 (52%)
Haemodynamic values

mRAP mmHg 7 (4-11) 7 (4-10) 0.991

mPAP mmHg 48 (42-55) 46 (40-52) 0.131

PAWP mmHg 8 (6-11) 8 (6-11) 0.730

Cardiac index L-min~"-m~? 2.2 (1.8-2.6) 2.2 (1.8-2.5) 0.904

PVR Wood units 10 (8-13) 9 (6-12) 0.004
PAH-targeted therapy

Single 105 (70%) 98 (82%)

Dual 32 (21%) 13 (11%) 0.046

Triple 3 (2%) 0

No treatment 11 (7%) 9 (8%)
Supportive therapy

Anticoagulants 92 (61%) 75 (63%) 0.791

Diuretics 103 (68%) 82 (68%) 0.983

Supplemental oxygen 47 (31%) 41 (34%) 0.596

Data are presented as median (interquartile range) or n (%) unless otherwise stated. WHO-FC: World
Health Organization functional class; BMI: body mass index; 6MWD: 6-min walking distance; SBP: systolic
blood pressure; D co: diffusing capacity of the lung for carbon monoxide; eGFR: estimated glomerular
filtration rate; NT-proBNP: N-terminal pro-brain natriuretic peptide; mRAP: mean right atrial pressure;
mPAP: mean pulmonary arterial pressure; PAWP: pulmonary arterial wedge pressure; PVR: pulmonary
vascular resistance; PAH: pulmonary arterial hypertension.
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FIGURE 1 Survival of patients (n=271) stratified by sex. a) Unadjusted; b) adjusted for age.

There was no significant difference in 1-, 3- and 5-year survival rates between women (91, 86 and 70%)
and men (92, 83 and 76%) (figure 2a). Sex was not a predictor of survival among patients <65 years (HR
0.81; CI 0.31-2.09; p=0.193) and this remained after adjustment for age (HR 0.91; CI 0.35-2.37; p=0.853).

Age group > 65 years
In the age group >65 years, 48% were women. Women had higher PVR, lower eGFR and less history of
ischaemic heart disease than men (table 2).

There was no significant difference in 1-, 3- and 5-year survival rates between women (84, 55 and 42%)
and men (72, 45 and 25%) (figure 2b). Sex was not an independent predictor of survival among patients
265 years (HR 1.41; CI 0.92-2.16; p=0.118) and this remained after adjustment for age, PVR and history
of ischaemic heart disease (HR 1.25; CI 0.77-2.02; p=0.370).

Discussion

In the present study, men with incident IPAH had worse crude survival rates than women, but after
adjusting for age, the difference in survival between the sexes disappeared. This may be explained by men
being on average 5 years older and having a higher comorbidity burden than women at time of IPAH
diagnosis. Apart from a slightly higher PVR among women (in particular in women >65 years) baseline
haemodynamics did not differ between the sexes. These findings contradict earlier studies where men with
PAH had worse right ventricular function at the time of diagnosis [11, 15] and worse survival rates than
women [11-14, 19]. In three of these earlier studies, patients were diagnosed at a mean age around
50 years [11, 13, 15], making the results comparable to the younger group of patients in the present study
(<65 years), where no difference in diagnostic measures or survival was found. One of the previous studies
that stratified patients by age in a manner similar to the present study, found a sex-related difference in
mortality, despite baseline haemodynamic and demographic characteristics being comparable to the
present study [12]. While the mortality rate was reported for patients with IPAH, familial and/or
anorexigen-associated PAH, the baseline characteristics were reported for the whole PAH group [1] and
so, this comparison should be interpreted with caution.

An early positive treatment response, with improvement of clinical, functional, and haemodynamic
parameters [1], has been shown to result in a similar survival benefit as having a stable low-risk profile at
the time of diagnosis [2, 20-22]. Thus, access to several treatment options and better understanding of
treatment strategies, including the benefits of combination therapy [23, 24], might have contributed to
reducing, not only the total mortality, but also the sex-related differences in survival seen in previous
studies [25]. It has been suggested that women may benefit more from ERAs than men and that men may
benefit more from a PDEi than women [25, 26]; however, findings from studies with a direct comparison
between an ERA and PDEi did not support this [27, 28]. In the present study, there was no sex-related
difference in the proportion of patients that received an ERA or a PDEi; however, more women than men
received a combination treatment upfront, indicating a more aggressive initial treatment and this could
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TABLE 2 Baseline characteristics by age and sex

6102-GL000'L7G0Z1€Z/€8L L 0L/B0"10p//:sdnYy

<65 years >65 years
Women (n=72) Men (n=36) p-value Women (n=79) Men (n=84) p-value

Age years 48 (35-61) 48 (39-58) 0.870 73 (69-77) 74 (70-78) 0.409
WHO-FC I/1i/l/1v 2/13/45/12 (3%/18%/62%/17%) 1/15/16/4 (3%/42%/44%/11%) 0.070 1/5/69/4 (1%/6%/87%/5%) 0/13/65/6 (0%/16%/77%/7%) 0.177
BMI kg-m~2 26 (23-30) 27 (23-29) 0.958 27 (24-30) 26 (24-28) 0.072
6MWD m 301 (197-470) 435 (325-484) 0.055 210 (150-264) 235 (162-358) 0.117
SBP mmHg 123 (109-138) 129 (118-144) 0.137 135 (119-155) 134 (123-153) 0.977
Dy co % predicted 58 (42-71) 61 (43-79) 0.400 43 (28-50) 39 (29-52) 0.850
eGFR mL-min~" per 1.73 m? 78 (60-98) 81 (72-112) 0.539 44 (33-57) 50 (39-66) 0.011
NT-proBNP ng-L_1 1266 (390-2470) 1440 (545-2489) 0.771 2178 (932-5070) 1761 (814-5353) 0.520
Comorbidities

Hypertension 16 (25%) 15 (45%) 0.097 43 (59%) 45 (62%) 0.762

Diabetes mellitus 8 (13%) 8 (24%) 0.140 24 (33%) 29 (40%) 0.394

Atrial fibrillation 3 (5%) 3 (9%) 0.394 13 (19%) 22 (30%) 0.121

Ischaemic stroke 1(1.5%) 1 (3%) 0.630 5 (7%) 9 (12%) 0.434

Ischaemic heart disease 4 (6%) 4 (12%) 0.375 9 (12%) 25 (34%) 0.002
Number of comorbidities

0 comorbidities 42 (66%) 14 (43%) 18 (25%) 10 (14%)

1 comorbidity 14 (22%) 9 (27%) 0.050 28 (38%) 18 (25%) 0.011

>2 comorbidities 8 (12%) 10 (30%) 27 (37%) 45 (66%)
Haemodynamic values

mRAP mmHg 8 (4-11) 7 (5-15) 0.694 8 (4-12) 7 (5-10) 0.683

mPAP mmHg 49 (44-59) 52 (44-60) 0.600 47 (41-54) 45 (40-51) 0.143

PAWP mmHg 8 (6-11) 9 (7-11) 0.562 9 (6-12) 9 (6-12) 0.727

Cardiac index L-min~"-m™2 2.3 (1.9-2.8) 2.3 (1.9-2.7) 0.631 2.1 (1.8-2.5) 2.2 (1.8-2.6) 0.497

PVR Wood units 10 (8-13) 10 (6-14) 0.484 10 (8-13) 8 (6-10) 0.005
PAH-targeted therapy

Single 46 (64%) 26 (72%) 59 (75%) 72 (86%)

Dual 18 (25%) 7 (19%) 0.545 14 (18%) 6 (7%) 0.114

Triple 3 (4%) 0 0 0

No treatment 5 (7%) 3 (8%) 6 (8%) 6 (7%)
Supportive therapy

Anticoagulants 47 (65%) 18 (50%) 0.199 45 (57%) 57 (68%) 0.151

Diuretics 43 (60%) 17 (47%) 0.327 60 (76%) 65 (77%) 0.829

Supplemental oxygen 10 (14%) 5 (14%) 0.600 37 (47%) 36 (43%) 0.610

Data are presented as median (interquartile range) or n (%) unless otherwise stated. WHO-FC: World Health Organization functional class; BMI: body mass index; 6MWD: 6-min walking
distance; SBP: systolic blood pressure; D co: diffusing capacity of the lung for carbon monoxide; eGFR: estimated glomerular filtration rate; NT-proBNP: N-terminal pro-brain natriuretic
peptide; mRAP: mean right atrial pressure; mPAP: mean pulmonary arterial pressure; PAWP: pulmonary arterial wedge pressure; PAH: pulmonary arterial hypertension.
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FIGURE 2 Survival of patients stratified by sex. a) Patients aged <65 years (n=108); b) patients aged >65 years (n=163).

have added to the chance of receiving the right therapy from the start. To better understand this, further
studies are needed to explore the sex differences in clinical response to PAH-targeted drugs.

Compared with previous studies, the patient population was older and the proportion of men was higher
in the present study [11-15, 19]. A contributing factor might be that the present study population was
diagnosed between 2008 and 2016, a period with modern treatment available to all included patients. The
increased awareness and the developing diagnostic and treatment options of PAH during this time period,
combined with easier access to investigations such as ECGs in primary care, might have led to more
systematic diagnostic routines and earlier referral for both women and men and at a higher age. Of course,
other, unknown factors could also contribute to more equal baseline characteristics and survival among
sexes.

SPAHR reflects not only an incident IPAH population, but also a real-life population that includes more
than 90% of all patients with IPAH diagnosed in Sweden since 2008 [3, 6, 16]. This might be a putative
explanation for the older population and difference in the proportion of women and men compared with
earlier studies. The comorbidity burden likely reflects the older age, where a third of men aged 65 years or
older have a history of ischaemic cardiovascular disease. This did not affect survival in an independent
matter, despite a trend in the survival curves, and one might speculate that IPAH, a disease with a
deleterious prognosis, shadows the effect of other comorbidities in this older age group. The IPAH
diagnosis was made according to the ESC/ERS guidelines [1, 17] and thus, pulmonary hypertension due to
left heart disease has been excluded.

The findings in the present study add to the knowledge that should be considered when evaluating and
improving the growing number of instruments for risk assessment among patients with PAH; the question
of whether nonmodifiable factors should be included in the risk assessment algorithm or not is highly
interesting. In the REVEAL (Registry to Evaluate Early And Long-Term Pulmonary Arterial Hypertension
Disease Management) risk score, both male sex and age >60 years are included as risk factors for worse
survival [12, 29, 30]. While the present study supports age as a natural risk factor, male sex does not seem
to affect survival by itself. The analysis behind the REVEAL risk score was indeed systematic and
thorough, but it included only a total of 21% men, of which less than a third were older than 60 years [12,
30]. In the present study the proportion of men was twice as high (44%) and even higher among patients
in the older group (>65 years) that included 52% men. This higher proportion of men in the older age
group might partly explain why survival, after adjusting for age, was similar between sexes in the present
study. However, further and multinational studies are needed to confirm these findings and before adding
or changing variables in existing risk score strategies.

Conclusion
Women were younger and had less comorbidities than men at the time of diagnosis, whereas the worse
survival rate for men were age dependent. Thus, in patients diagnosed with IPAH between 2008 and 2016,
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the survival rates for men and women were similar when considering natural confounders such as age and
comorbidity.

Strengths and limitations

A major strength of the present study was that the analyses included only incident patients diagnosed with
IPAH after 2008, providing a homogenous study group with respect to treatment strategies. Also, all PAH
centres in Sweden participated in SPAHR [6, 16] and thus, more than 90% of all patients diagnosed with
IPAH in Sweden since 2008 were included. Thus, data from this national register reflect a real-life patient
population, as seen in clinical practice, compared with data collected in clinical trials. This is reflected in
the high number of comorbidities reported in the group aged >65 years. Though all patients met the
diagnostic criteria for PAH according to the ESC/ERS guidelines [1, 17], the combination of hypertension,
diabetes mellitus and atrial fibrillation might indicate that some patients had a diastolic dysfunction. This
might also have affected the sex difference in upfront combination treatment. Limitations typically
associated with observational registry studies, such as a lack of standardisation of registered variables and
missing data exist in the presented study. The relatively small number of patients may have affected the
power of the analysis; however, in light of IPAH being an unusual disease, it is difficult to achieve large
national study groups.
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