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Abstract

Objectives:

To assess factors associated with adherence to phosphodiesterase type 5 inhibitors (PDE5Is) in the

management of pulmonary arterial hypertension (PAH).

Methods:

This study analyzed pharmacy benefit claims of naı̈ve Adcirca and Revatio users between January 1, 2008

and December 31, 2010. Patients were considered adherent if their proportion of days covered (PDC) was�

80% over a 6-month period. Logistic regressions were estimated to assess the factors associated with

adherence. Analyses were stratified by use of a specialty pharmacy or retail pharmacy. A sensitivity analysis

was performed by excluding individuals with 90-day supply.

Results:

Of the total of 2143 patients included, 46.8% were adherent. Adherence was higher among 930 specialty

pharmacy users (65.6%) than 1213 retail pharmacy users (32.3%, p50.001). Adherence was higher

among Adcirca users (60.7%; approved dose 40 mg once-daily) than Revatio users (44.3%, p50.001;

approved dose 20 mg thrice-daily). Among retail pharmacy users, adherence was higher in patients using

Adcirca (OR¼ 2.59; 95% CI¼ 1.60–4.22) and patients with an index prescription given by pulmonologists

(OR¼ 1.70; 95% CI¼ 1.15–2.50), while lower in patients with higher copayment ($51–$250: OR¼ 0.61,

95% CI¼ 0.42–0.90; $251þ: OR¼ 0.57, 95% CI¼ 0.39–0.83). Among specialty pharmacy users, only

high copayment ($251þ: OR¼ 0.56, 95% CI¼ 0.35–0.90) was found to be a significant factor for non-

adherence. After excluding individuals with 90-day supply, adherence rate was 29.6% in retail pharmacy

and 57.9% in specialty pharmacy (p50.001), and regression results were similar.

Limitations:

Diagnosis of PAH was not confirmed without access to medical claims. Pharmacy refill records might not

reflect actual consumption. Adherence evaluated for 6 months might not be generalizable to longer periods.

Conclusion:

Adherence to PDE5Is for PAH is sub-optimal. The findings suggest that adherence to PDE5Is in patients with

PAH is associated with the use of specialty pharmacy, simpler dosing frequency, a lower financial barrier,

and a prescription given by pulmonologists.

Introduction

Pulmonary arterial hypertension (PAH) is a rare disease characterized by an
elevation of pulmonary artery pressure and pulmonary vascular resistance result-
ing from vasoconstriction of small-to-medium sized pulmonary arteries, as well
as progressive fibrotic and proliferative changes1. Common symptoms of the
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disease include shortness of breath, chest tightness and
pain, fatigue, and limited exercise tolerance which can
often be attributed to various other conditions, making it
challenging to diagnose PAH at an early stage2. Although
PAH is a rare disease with only 2.4 new cases per million
people per year3, delays in diagnosis and referral to expert
centers mean that patients often are already progressing
toward right heart failure and death by the time PAH-
specific treatment is instituted4. Prior to the development
of approved treatments for PAH, patients were expected to
live on average less than 3 years after diagnosis5. However,
due to the increase in disease awareness and new medicines
approved for PAH, studies indicate improved overall sur-
vival as compared to the ‘pre-treatment era’6,7.

With the exception of lung transplants where possible,
there is no known cure for PAH; however, a proliferation
of treatment options has improved the outlook for patients
suffering from this condition. Management of PAH is tar-
geted at improving symptoms, exercise tolerance, long-
term outcomes, and quality-of-life8,9. Pharmacologic ther-
apies for PAH generally include three classes of medica-
tion: phosphodiesterase type 5 inhibitors (PDE5Is),
endothelin receptor antagonists (ERAs), and prostacyclin
analogs10,11. The choice of drug depends on a variety of
factors. Oral administration has the advantage of avoiding
some complications associated with parenteral therapies
(e.g., central venous catheter-related sepsis or thrombosis
associated with intravenous infusion and pain associated
with subcutaneous infusion) and intermittent inhaled
therapies (e.g., faulty administration technique, inconsis-
tent dose timing)11. PDE5Is and ERAs are both available
for oral administration, but PDE5Is are the most frequently
used due to their improved safety profile vs ERAs and
lower wholesale cost for 1 year of treatment11,12. The prog-
nosis of patients with PAH has improved in the past
decade with the development of these treatments5,13,
although it remains unsatisfactory.

Medication use is a daily commitment, especially with
diseases in which the symptoms may not be noticeable on a
daily basis. Past research has stressed the importance and
challenge of adherence to medication for chronic diseases
in the real-world setting14. Currently, limited data are
available regarding adherence to PDE5Is for the manage-
ment of PAH in clinical practice. The objectives of this
study were to examine adherence to PDE5Is for manage-
ment of PAH and to identify potential factors associated
with better adherence to PDE5Is. Published literature sug-
gests that patients with chronic diseases are more adherent
to once-daily than twice-daily or thrice-daily treatment
regimens14–16. We attempted to confirm this finding in
PAH by examining if patients treated with Adcirca (indi-
cated to be taken once-daily) are more likely to be adher-
ent than patients treated with Revatio (indicated to be
taken 3-times daily)17,18.

PAH medication frequently is delivered via a specialty
pharmacy services channel, given the rarity of the disease
and the historical complexity of treatment (intravenous
infusion, subcutaneous infusion, inhalation) and associ-
ated therapy costs19. In addition to its implication on the
benefit design from plan perspectives, use of a specialty
pharmacy may also influence patient adherence and out-
comes through education programs, co-ordinated care and
closer follow-up, or disease management; however, there is
a lack of published studies to demonstrate these influ-
ences20. Therefore, we evaluated if the use of specialty
pharmacy had an impact on medication adherence rates
for PAH patients.

Methods

Data source

This study utilized pharmacy claims dated between January
1, 2008 and December 31, 2010 from Medco Health
Solutions, Inc. Medco is one of the largest pharmacy ben-
efit management companies in the US, with over 60 mil-
lion covered individuals and pharmacy claims data for one-
in-five Americans. Pharmacy claims contain information
about National Drug Codes (NDC), medication name, co-
payment amounts, fill dates, quantity dispensed, days of
supply, strength, and prescribing physician type. Refill his-
tory can be tracked by encrypted unique identifiers.
Patient demographic characteristics are also available
including birth year, gender, and region of residence.

Sample selection

Patients were first selected if they had pharmacy claims of
Adcirca or Revatio, based on NDC numbers, between May
1, 2009 and May 31, 2010. Since we did not have the
medical claims to confirm the diagnosis of PAH, we only
selected the FDA-approved PAH-indicated brands of
PDE5Is (i.e., Adcirca and Revatio)17,18. The date of the
first prescription identified during this period was denoted
as the index date. To select naı̈ve users, we excluded
patients who had any prescription of Adcirca or Revatio
during the 12 months prior to the index date. Additional
inclusion criteria were being 18 years or older as of the
index date, having continuous enrollment in the insurance
plan during the 12 months prior to and 6 months following
the index date, and without missing data in any key char-
acteristics (i.e., age, region, costs).

The final selected patients were stratified into two
cohorts based on whether they had any PDE5Is during
the 6-month follow-up period from a specialty pharmacy.
Within specialty pharmacy and retail pharmacy cohorts,
patients were further categorized into two cohorts based on
adherence. Adherence to the initiated therapies (Adcirca
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or Revatio) was measured by the proportion of days cov-
ered (PDC), which is calculated as the number of days with
medication available over the 6 months following the
index date divided by 180 days21. Patients were considered
as adherent if the PDC was greater than or equal to 80%.
For patients who switched from one PDE5I to another,
only the first PDE5I was considered, as we were interested
in the impact of dosing frequency on adherence.

Study measures

Patient demographic characteristics were assessed on the
index date including age, gender, and geographic region.
From the pharmacy claims, we also assessed characteristics
of the index prescription including index medication
(Adcirca or Revatio), co-payment amount standardized
to a 30-day supply (i.e., co-payment for a 90-day supply
was divided by 3), and specialty of prescribing physician
based on the specialty coded on the index prescription
(i.e., pulmonologist, cardiologist, primary care provider,
rheumatologist, other specialist, or unknown). We exam-
ined whether patients had any prescription of index PDE5I
with 90-day supply or more. We also examined index pre-
scription characteristics. Average daily dose and mean
daily consumption (number of pills) were estimated over
6 months for Adcirca and Revatio, respectively. In addi-
tion, we estimated RxRisk score, a risk adjustment algo-
rithm to predict healthcare costs based on automated
pharmacy claims developed by Fishman et al.22 We cate-
gorized patients into four levels based on quartiles (RxRisk
level 1–4) of the score, with the lowest quartile represent-
ing the lowest predicted costs.

Statistical analysis

Descriptive analyses were used to compare the study mea-
sures between adherent and non-adherent users. Tests used
include the Student’s t-test for continuous variables and
the Chi-square test for categorical variables. Logistic
regressions were run to assess the factors associated with
adherence including index PDE5Is medication (Adcirca vs
Revatio), age, gender, specialty of prescriber, and average
30-day co-payment of the index prescription. Since
patients who filled a prescription with a 90-day supply
would have their 6-month follow-up covered with rela-
tively fewer prescriptions, we controlled for the possession
of such prescriptions in our regression model. To further
test whether our findings were robust, we conducted a sen-
sitivity analysis by excluding patients who possessed a pre-
scription with more than a 90-day supply. Since we did not
have medical claims to ascertain PAH diagnosis, we also
conducted another sensitivity analysis by excluding any
patients who filled Viagra or Cialis. All analyses were per-
formed separately for specialty and retail pharmacy users.

The review from Institutional Review Broad was
exempted since the data were encrypted and in compli-
ance to the Health Insurance Portability and
Accountability Act requirements.

Results

The study included 2143 PDE5Is users (326 Adcirca users
and 1817 Revatio users) meeting the selection criteria
(Figure 1). In the study population, 930 had their
PDE5Is filled at a specialty pharmacy and 1212 filled at a
retail pharmacy (Table 1). A higher proportion of patients
with their prescription dispensed through specialty phar-
macy were adherent (65.6%) than those through retail
pharmacy (32.3%) (p50.001). The study population
had a mean age of � 65 years old, and � 65% were
female. The majority of patients were from the South
region (40%). While demographic characteristics were
similar between adherent and non-adherent cohorts, a
higher proportion of adherent patients possessed a 90-
day or greater supply of medication. RxRisk score distribu-
tion was similar between cohorts.

Adherence to and characteristics of PDE5I

Overall, a higher proportion of patients receiving Adcirca
were adherent than those receiving Revatio (60.7% vs
44.3%, p50.001) (Figure 2). For Adcirca users, the aver-
age daily dose over the 6-month follow-up period was
37.9 mg and the mean daily consumption was 1.89 tablets
per day. The average daily dose for Revatio users was
60.7 mg, with a mean daily consumption of 3.03 tablets
per day. Among retail pharmacy users, the rate of adher-
ence was higher for Adcirca users than Revatio users
(69.1% vs 30.9%, p50.001). Among specialty pharmacy
users, on the other hand, the rates of adherence were sim-
ilar between the two groups (66.5% vs 63.2%, p¼ 0.348).

We observed a higher mean co-payment amount for
non-adherent patients ($136.7 vs $103.7, p¼ 0.04)
among retail pharmacy users, although it was not statisti-
cally different among specialty pharmacy users ($94.9 vs
$78.3, p¼ 0.165) (Figure 3). When comparing the rate of
high adherence between patients paying different levels of
out-of-pocket co-payment, we found a significantly lower
rate in the higher co-payment group (34.2% vs 26.6% vs
22.8% for $0–$50, $51–$250, and $251þ, respectively; all
p50.05) among retail pharmacy users, and a lower rate on
the $251þ group compared with the $0–$50 group (53.9%
vs 67.4%; p50.05) among specialty pharmacy users. Of
the known prescriber specialists, we found the adherence
rate to be higher among patients who had their prescrip-
tion from a pulmonologist compared with those from a
primary care provider (39.2% vs 29.2%) among retail
pharmacy users, and we did not observe any differences
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in adherence rates by prescriber specialty among specialty
pharmacy users (Figure 4).

Factors associated with adherence

The regression model among retail pharmacy users showed
several factors associated with adherence to the drugs stud-
ied (Table 2). Patients receiving Adcirca were more likely
to be adherent than Revatio users (odds ratio [OR]¼ 2.59,
95% CI¼ 1.60–4.22). Compared with patients receiving
their prescription from primary care providers, those
having their prescription from a pulmonologist had an
increased likelihood of being adherent (OR¼ 1.70; 95%
CI¼ 1.15–2.50). Patients with a higher 30-day co-pay-
ment on their initial payment were less likely to be adher-
ent ($51–$250: OR¼ 0.61, 95% CI¼ 0.42–0.90; $251þ:
OR¼ 0.57, 95% CI¼ 0.39–0.83; reference group: � $50).
Patients who had possession of a prescription with a 90-day
or greater supply were also more likely to be adherent
(OR¼ 5.81, 95% CI¼ 3.39–9.95). Among specialty phar-
macy users, only co-payment ($250þ: OR¼ 0.56, 95%
CI¼ 0.35–0.90; reference group� $50), possession of a
prescription with a 90-day or greater supply (OR¼ 1.75,
95% CI¼ 1.32–2.33), and being in the highest quartile of
RxRisk score (OR¼ 0.66; 95% CI¼ 0.44–0.99) were sig-
nificant factors. In the sensitivity analysis, 898 patients

who had possession of a prescription with a 90-day or
greater supply were excluded. The overall adherence rate
decreased from 32.3% to 29.6% in retail pharmacy and
from 65.6% to 57.9% in specialty pharmacy (Table 2).
However, the adherence rate was significantly higher in
specialty pharmacy than retail pharmacy both before and
after this exclusion. The findings from regression analyses
were similar. The sensitivity analysis excluding users of
Viagra or Cialis (n¼ 78; 3.64%) also yielded similar results
(data not shown).

Discussion

Non-adherence to medication is one of the issues that
many practitioners are facing in actual practice23,24.
Adherence to medication plays an important role, espe-
cially for maintenance medications in chronic illnesses16.
To our knowledge, no published studies have examined
the issue of adherence for patients suffering from PAH.
This study analyzed a large pharmacy database to under-
stand the adherence to two specific PDE5Is and associated
factors in the treatment of PAH in the real-world setting.
During the 6 months after treatment initiation, we found
that, overall, only half of the patients were adherent to
their medication based on prescription refill records. Our

Users of Revatio branded for PAH between May 1, 2009
and May 31, 2010 with the index date set as the date of

first prescription
(n = 5719)

No prescription of any PDE5Is branded for PAH, Revatio
or Adcirca during the 12 months prior to the index date

(n = 2979)

Aged 18 or older as of the index date
(n = 2856)

Continuous enrollment for at least 12 months prior to
the index date and 6 months after the index date

(n = 1890)

No missing data in key characteristics (age, region, costs)
(n = 1817)

Users of PDE5Is Adcirca branded for PAH between May
1, 2009 and May 31, 2010 with the index date set as the

date of first prescription
(n = 445)

No prescription of Revatio or Adcirca any PDE5Is
branded for PAH during the 12 months prior to the

index date
(n = 445)

Aged 18 or older as of the index date
(n = 444)

Continuous enrollment for at least 12 months prior to
the index date and 6 months after the index date

(n = 335)

No missing data in key characteristics (age, region, 
costs)

(n = 326)

Figure 1. Sample selection and rate of adherence.
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study is the first to show that, like other chronic diseases,
adherence to two PDE5Is indicated for PAH is poor in
actual practice. Future research is needed to understand
barriers that PAH patients face in order to design inter-
ventions to improve their adherence.

With these two PDE5Is being commonly distributed
through specialty pharmacy for PAH, we also assessed
patient adherence between users of specialty and retail
pharmacy. We found that specialty pharmacy users were
more likely to be adherent to their PDE5Is. This is

Table 1. Baseline demographic characteristics by adherence and use of specialty pharmacy.

Retail pharmacy Specialty pharmacy

Non-adherent Adherent p-value Non-adherent Adherent p-value

Number of patients (%) 821 (67.7%) 392 (32.2%) 320 (34.4%) 610 (65.6%)
Age group (%) 0.049 0.819

18–34 years 4.38 3.83 1.88 2.79
35–44 years 6.09 4.85 6.56 6.39
45–64 years 29.11 35.20 36.88 37.38
65–74 years 24.12 27.30 26.88 24.10

75þ years 36.30 28.83 27.81 29.34
Mean age (SD) 65.74 (15.22) 64.70 (14.02) 0.256 63.01 (13.43) 64.62 (14.14) 0.690
Gender 0.647 0.782

Female 66.38 65.05 64.69 63.77
Male 33.62 34.95 35.31 36.23

Region (%) 0.079 0.221
Northeast 20.83 17.60 19.06 23.93
Midwest 23.39 28.32 18.13 20.00
South 40.07 42.09 42.50 37.05
West 15.71 11.99 20.31 19.02

Possession of PDE5I
prescription with
� 90-day supple (%)

2.44 14.29 50.001 50.31 64.10 50.001

RxRisk score (%) 0.1903 0.2542
Level 1 24.0 29.9 20.9 25.1
Level 2 24.0 21.9 27.8 26.7
Level 3 25.3 23.2 23.1 25.1
Level 4 26.7 25.0 28.1 23.1

Student’s t-tests were performed for continuous variable and Chi-square tests for categorical variables.

44.3%

60.7%
55.8%

39.3%

0%

20%

40%

60%

80%

100%

Sildenafil (N=1,817) Tadalafil (N=326)

Overall

P<0.001

Average daily dose= 60.7mg 
^

Meandaily 
consupmtion=3.03 

30.9%

69.1%

53.2%
46.8%

0%

20%

40%

60%

80%

100%

Sildenafil (N=1,134) Tadalafil (N=79)

Retail Pharmacy

Adherent Non-Adherent

P<0.001

66.5%
63.2%

33.5%
36.8%

0%

20%

40%

60%

80%

100%

Sildenafil (N=683) Tadalafil (N=247)

Specialty Pharmacy

P=0.348

Figure 2. Adherence rate by index medication and use of specialty pharmacy.
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consistent with a prior study which found greater refill
adherence to adalimumab, a tumor necrosis factor antag-
onist injection, among specialty pharmacy users25.
However, we could not assess what the unique features of
specialty pharmacy are that differ from retail pharmacy,
leading to this difference in patient adherence.

Our results suggest several factors associated with
adherence among retail pharmacy users. First, users of
Adcirca, which has a simpler frequency of administration
than Revatio, had better adherence rates. This is consis-
tent with past studies investigating this question in other
chronic conditions14–16. Our findings are similar to what
has been reported in the literature that the average

adherence rate of a once-daily regimen was close to 75%,
while the adherence rate of 4-times a day was � 45%26,27,
and a range of 22–41% more adherent days was reported
for the patients receiving the once-daily than the thrice-
daily regimen16.

Among retail pharmacy users, we also found that
receiving a prescription from a pulmonologist, compared
with a primary care provider, was associated with a higher
likelihood of adherence. However, what characteristics
associated with prescriber specialty, whether it is the pul-
monology specialty or being managed in PAH centric
medical practices, could not be determined from our data
source and, while intriguing, remains to be confirmed.

34.2

67.4

26.6

63.6

22.8

53.9

0%

20%

40%

60%

80%

100%

Retail Pharmacy Specialty Pharmacy

$0-50 $51-250 $251+

Mean Co-payment:
Adherent = $70; Non-Adherent = $123 

(p=0.04) 

Mean Co-payment:
Adherent = $72; Non-Adherent = $95

(p=0.165)

Figure 3. Rate of high adherence by 30-day co-payment and use of specialty pharmacy. *p50.05 in Chi-square test using $0–50 as a reference group.

39.2

63.7

29.2

63.8

24.3

64.0

35.6

72.7

0%

20%

40%

60%

80%

100%

Retail Pharmacy Specialty Pharmacy

Pulmonologist Primary Care Other Specialist Unknown

Figure 4. Rate of high adherence by prescriber specialty and use of specialty pharmacy. *p50.05 in Chi-square test using the primary care physician as a
reference group.
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The association observed from this retrospective study
could be helpful to generate a hypothesis about care from
PAH centric medical practices for a future prospective
study to better understand the influence of care setting
on treatment adherence. Findings from some studies
have suggested patient out-of-pocket co-payment is asso-
ciated with adherence in several chronic diseases28–32, and
our findings broaden the previous observations to include
PAH patients who demonstrated poor adherence associ-
ated with a higher co-payment. Our findings further
extend limited published data on the assessment of out-
of-pocket cost share on adherence to high-cost specialty
pharmacy medications33.

Interestingly, many of these factors that we found were
associated with adherence among retail pharmacy users
were not significant among specialty pharmacy users.
Only high co-payment remained significant. It is possible
that, since the distinguishing features of specialty phar-
macy users are accounted for in the stratified analysis dem-
onstrating a higher adherence than retail pharmacy users,
other factors became less influential when patients already
have a high level of adherence.

As anticipated, possession of prescriptions with a 90-
day or greater supply was associated with high adherence

(from an analytical perspective based on how PDC was
derived). To confirm that our findings were robust, we
excluded the patients with such prescriptions and per-
formed a sensitivity analysis, and found that our results
were consistent. Performing this sensitivity analysis to
address this potential methodological limitation strength-
ened our study findings. Future studies using a combination
of pharmacy and medical claims should aim to assess
whether better adherence to a prescribed treatment is asso-
ciated with improved long-term outcomes and reduced
healthcare utilization for PAH patients.

Several limitations must be noted when interpreting
the results of this study. First, this study only used phar-
macy claims without access to the medical claims. The
diagnosis of PAH was not confirmed via medical claims
or chart records. Although we identified patients who used
the branded products indicated for PAH, it is possible that
we inadvertently included in this analysis patients who
used these two drugs for reasons other than PAH.
Second, pharmacy refill records might not reflect actual
consumption. Third, at the time of this analysis being con-
ducted, the available data only allowed adherence to be
evaluated for 6 months and might not be generalizable to
longer periods. For example, using up to 3 years of data

Table 2. Primary and sensitivity analyses to assess factors associated with adherence to PAH treatment by use of specialty pharmacy.

Adherence rate (%) Main analysis (n¼ 2143) Sensitivity analysis (n¼ 1515)

Retail pharmacy
(n¼ 1213),

32.3%

Specialty pharmacy
(n¼ 930),
65.6%*

Retail pharmacy
(n¼ 1137),

29.6%

Specialty pharmacy
(n¼ 378),
57.9%*

Odds ratio 95% CI Odds ratio 95% CI Odds ratio 95% CI Odds ratio 95% CI

Index PDE5Is
Revatio Reference Reference Reference Reference
Adcirca 2.59 (1.60–4.22) 0.96 (0.70–1.32) 2.48 (1.51–4.07) 1.01 (0.65–1.57)

Age
565 Reference Reference Reference Reference
65þ 1.03 (0.78–1.36) 1.01 (0.75–1.34) 1.05 (0.79–1.40) 0.99 (0.64–1.55)

Gender
Female 0.94 (0.72–1.23) 0.98 (0.73–1.31) 0.96 (0.72–1.26) 1.19 (0.76–1.86)
Male Reference Reference Reference Reference

Index provider specialty
Primary care providers Reference Reference Reference Reference
Pulmonologists 1.70 (1.15–2.50) 1.00 (0.64–1.56) 1.66 (1.12–2.46) 1.12 (0.57–2.19)
Other specialists 0.81 (0.56–1.16) 1.16 (0.73–1.83) 0.79 (0.55–1.15) 1.09 (0.54–2.20)
Unknown 1.14 (0.78–1.65) 1.60 (0.96–2.65) 1.10 (0.75–1.62) 1.73 (0.80–3.74)

Average 30-day co-payment of index prescription
$0–$50 Reference Reference Reference Reference
$51–$250 0.61 (0.42–0.90) 0.86 (0.63–1.19) 0.62 (0.41–0.91) 0.56 (0.34–0.91)
$251 or more 0.57 (0.39–0.83) 0.56 (0.35–0.90) 0.58 (0.40–0.85) 0.50 (0.26–1.00)

Possession of prescription with 90-day or greater supply
Yes 5.81 (3.39–9.95) 1.75 (1.32–2.33) – – – –
No Reference Reference – – – –

RxRisk score
Level 1 Reference Reference Reference Reference
Level 2 0.79 (0.55–1.14) 0.80 (0.54–1.20) 0.81 (0.55–1.18) 1.10 (0.61–1.97)
Level 3 0.79 (0.55–1.15) 0.88 (0.57–1.34) 0.83 (0.57–1.21) 1.08 (0.58–2.02)
Level 4 0.79 (0.56–1.13) 0.66 (0.44–0.99) 0.82 (0.57–1.17) 0.72 (0.40–1.31)

*p50.05 in adherence rate between retail and specialty pharmacy cohorts.
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available, we found the mean daily consumption for
Revatio was 3.30 tablets per day. A shorter evaluation
time frame here could not capture the dose escalation
that occurred after patients were on a treatment for
extended periods. Future studies should attempt to confirm
the findings using a longer evaluation period. Also, other
unknown confounders may exist which could result in
biased estimates. Due to the retrospective design of this
study, the findings can only be interpreted as associative
rather than causative.

Conclusions

In clinical practice, overall adherence to two PDE5Is indi-
cated for PAH is sub-optimal. Our findings suggest that the
use of a specialty pharmacy, a simpler frequency of admin-
istration, a lower co-payment, and having a prescription
prescribed by certain physician types were associated with
better adherence to the two PDE5Is. These factors could be
considered when designing interventions to improve the
quality-of-care for patients with PAH. Future research
should aim at understanding the impact of adherence on
clinical and economic outcomes.
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