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ABSTRACT

Background: Serotonin has been implicated in the development of idiopathic pulmonary
arterial hypertension (IPAH). Drugs modulating serotonin pathways, including anti-
depressants, have been associated with the incidence of IPAH, with conflicting reports as to
the direction of the effect. We aimed to determine whether antidepressant exposure is
associated with the incidence of IPAH.

Methods: A nested case-control study was conducted using the United Kingdom Clinical
Practice Research Datalink and the Hospital Episodes Statistics repository between January
1, 1988 and September 30, 2011. Incident cases of IPAH were identified and matched to all
controls in case’s risk set on age, sex, general practice, and date of registration with the
practice. Rate ratios (RRs) and 95% confidence intervals (ClIs) were estimated for the use of
antidepressants on the risk of IPAH, with an 18-month lag period prior to the diagnosis.
Results: 195 IPAH cases were identified (incidence 3.84/million/year). Use of any
antidepressant was associated with 67% increased risk of IPAH (RR: 1.67, 95% CI: 1.17—
2.37). The rate of IPAH was similar across antidepressant classes, whether with Selective
Serotonin Reuptake Inhibitors [SSRIs] (RR: 1.67, 95% CI: 1.09-2.57) or non-SSRI
antidepressants (RR: 1.66, 95% CI: 1.07-2.59). In sensitivity and exploratory analyses, no
change in risk was observed with different lag times, serotonin transporter affinities, or
durations of exposure.

Conclusions: The use of antidepressants was associated with a significantly increased risk
of developing IPAH. However, the consistency of this risk across all antidepressants and

absence of a dose-response relationship suggests a non-causal association.



INTRODUCTION

Pulmonary arterial hypertension (PAH) is a rare but fatal disease of the lung blood
vessels.[1] Several anorexigen medications have been strongly associated with the
development of PAH, including aminorex, fenfluramine and dexfenfluramine.[1, 2]
Anorexigens stimulate serotonin (5HT) release from the gastrointestinal tract and platelets,
increase 5HT uptake into pulmonary artery smooth muscle cells through the serotonin
transporter (SERT), and also act as a direct 5HT agonist at cell surface receptors.[3] SHT
promotes pulmonary artery smooth muscle cell contraction and proliferation. Animal and in-
vitro models of PAH have generally supported this 'serotonin hypothesis' of PAH.[3] Inhibition
of the SERT molecule is therefore a potential target for prevention or treatment of PAH.

Many antidepressants block SERT, notably the selective serotonin reuptake inhibitors
(SSRIs).[4] In a case-control study of patients referred to a pulmonary hypertension center,
use of SSRIs was associated with a trend towards a decreased risk of pulmonary
hypertension (odds ratio [OR]: 0.71, 95% confidence interval [CI]: 0.48-1.06) and a decreased
risk of death (hazard ratio: 0.35, 95% CI: 0.14-0.88).[5] In contrast, in a large case-control
study, the use of SSRIs was associated with a 55% increased risk of developing PAH (OR,
1.55; 95%CI: 1.13-2.13).[6] In the Multi-Ethic Study of Atherosclerosis — Right Ventricle study
of 4114 healthy subjects, exposure to SSRIs was associated with a small but measurable
increase in right ventricular mass, consistent with increased right ventricular afterload.[7] Data
from the REVEAL registry demonstrated increased likelihood of poor outcomes in PAH
patients treated with SSRIs.[8]

In view of the conflicting data surrounding the potential role of antidepressants in the
pathogenesis of PAH, we performed a population-based study using the United Kingdom (UK)

Clinical Practice Research Datalink (CPRD) and the Hospital Episodes Statistics (HES)



repository. The objective was to assess whether the use of antidepressants modulating the 5-
HT pathway are associated with the incidence of developing PAH. The manuscript was

drafted with reference to the STROBE guidelines.[9]

METHODS
Data sources

This study was carried out using two databases from the UK, the CPRD, previously
known as the General Practice Research Database, and the HES. The CPRD is the world’s
largest computerized database of longitudinal records from primary care, covering more than
12 million people in more than 650 general practices.[10] The CPRD is representative of the
UK population, both in terms of the geographic distribution of the general practices and the
age and sex distributions of patients.[11] Participating general practitioners have been trained
to record medical information, demographic data, body mass index, smoking and alcohol
use, medical diagnoses, procedures, and deaths. The Read code classification is used for
medical diagnoses and procedures. Prescriptions are automatically recorded based on the
UK Prescription Pricing Authority Dictionary. CPRD data for diagnoses and medications have
been validated.[12, 13, 14]

The HES repository contains dates of hospital admissions, primary and secondary
diagnoses (coded using the ICD-10 classification), and related procedures (coded using the
Office of Population Censuses and Surveys classification of interventions and procedures, v.
4).

The study protocol was approved by the Independent Scientific Advisory Committee of
the CPRD and the Research Ethics Committee of the Jewish General Hospital, Montreal,

Canada.



Study population

The source population of this study consisted of all patients present in the CPRD
between January 1, 1988 and September 30, 2011. Cohort entry was defined as the latest of
the following events: January 1, 1988, date of a patient’s 12th birthday, date of current
registration, or date of the ‘up-to-standard’ designation of a patient’s general practice. Patients
were excluded if they were not from an up-to-standard practice, had less than one year of
medical history information, were diagnosed with a condition related to excessive alcohol use,
or aortic/mitral valvular disease at any time prior to cohort entry. Patients meeting these
criteria were followed until a first-ever diagnosis of PAH, diagnosis of a condition related to
excessive alcohol use or valve disease, death from any cause, end of registration with the

general practice, or end of the study period (September 30, 2011), whichever came first.

Case-control selection

We identified all potential incident cases of idiopathic PAH (IPAH) in either the CPRD
(Read codes: G41y000, G410.00, 7Q01300, 7Q01200, 7Q01100, 7Q01000, G42..11,
G41z.00, G41..00) or HES database (ICD-10 code 127.0). As a second step, a physician with
extensive experience of PAH (BDF) examined the entire computerized medical record of each
potential case and allocated the patient to a diagnostic category (idiopathic PAH, PAH
associated with other conditions, and no PAH) according to clinical judgment. The
physician was blinded to the patients’ age, sex, and antidepressant drug exposure. The
computerized medical record included codes for PAH-associated diseases (e.g., connective
tissue diseases, congenital heart lesions, portal hypertension, HIV infection), therapeutic
procedures associated with PAH (e.g. right heart catheterization, insertion of hickman

catheter), as well as those with diagnoses of cardiac and respiratory diseases associated with
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pulmonary hypertension but not PAH (e.g. pulmonary thromboembolism or sarcoidosis).
Prescriptions for PAH-specific vasodilators (sildenafil, bosentan, ambrisentan, sitaxsentan,
epopoprostenol, treprostenil, iloprost), drugs frequently prescribed to patients with PAH (e.g.
vitamin K antagonists, diltiazem, nifedipine, amlodipine) and other cardiovascular or
respiratory medications were also included in the reviewed medical records. A pseudo-
random sample of 200 cases was examined by a second physician (JB) who was blinded to
the diagnosis of the first physician. The kappa statistic for agreement between the two
physicians for the sample was 0.68 representing substantial agreement.[15] The index
date was defined as the date of the first-ever diagnosis of IPAH.

All controls were selected from the same CPRD/HES cohort. Given the rarity of the
outcome and to maximize statistical power, we selected all controls in the case’s risk set, after
matching on age (x 5 years), sex, general practice, and current registration date in the
practice (x 1 year). By definition, all controls were alive, never diagnosed with IPAH at the
time of the index date, and registered with the general practice when matched to a case, and

thus had equal duration of medical history information at the index date.

Exposure assessment

For all cases and matched controls, we obtained information on antidepressants
received between cohort entry and index date. We did not include exposures received in the
18-month time window immediately prior to index date to account for the insidious nature of
PAH, which results in a lag between onset of symptoms and clinical diagnosis, and to
minimize protopathic bias (i.e. depressive symptoms related to IPAH onset leading to
antidepressant prescription before the PAH is diagnosed).[16] All classes of antidepressants

were considered: tricyclics, SSRIs, monoamine-oxidase inhibitors, other monoamine reuptake
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inhibitors and other miscellaneous classes. Given the uncertainties related to the length of the
lag period, we conducted sensitivity analyses varying the lag period to 0, 12, 24, 36, 48 and
60 months.

In secondary analyses, exposure to antidepressant was categorized into three different
ways. In the first two, we assessed whether different drug affinity (Ko) for both serotonin and
noradrenaline transporters were associated with the incidence of IPAH.[4] For the third
analysis, we assessed whether cumulative duration of use of antidepressants was associated
with the incidence of IPAH. Cumulative duration was calculated by summing the durations of

all antidepressant prescriptions received between cohort entry and index date.

Statistical analysis

We conducted a nested case-control analysis. We used this approach because of the
time varying nature of the exposure, the size of the cohort, and the long duration of follow-
up.[17] This technique is computationally efficient, while producing ORs that are unbiased
estimators of incidence rate ratios (RRs) with little or no loss in precision.[17, 18, 19]

Descriptive statistics were used to summarize the characteristics of the cases and
matched controls. We also calculated crude incidence rates of IPAH, along with 95% Cls
based on the Poisson distribution. Conditional logistic regression was used to estimate the
RRs with 95% Cls of incident IPAH associated with the use of antidepressants.
In addition age, sex, general practice, and year of current registration or ‘up-to-standard’
designation in the general practice on which the logistic regression models were conditioned,
we adjusted for the following potential confounders measured between cohort entry and 18
months before index date: obesity (BMI>30 kg/m?), smoking (ever versus never), and in the

year prior to the lagged period, the use of antihypertensives, anti-parkinsonian drugs,



antipsychotics, inhaled corticosteroids, non-steroidal anti-inflammatory drugs (NSAIDs), oral

corticosteroids, and narcotic analgesics. All statistical tests were two-tailed.



RESULTS

Overall, a total of 9644 patients with a diagnostic code consistent with PAH were
identified. After initially excluding patients with a PAH diagnosis outside of the study period,
pediatric cases, prevalent PAH or patients diagnosed with alcohol-related disorders or valve
disease prior to PAH diagnosis, there remained 3192 potential PAH cases (Figure 1). After
excluding cases with a history of cardiac or pulmonary disease, and PAH-associated
conditions, the final IPAH cases consisted of 195 patients, generating an incidence rate of
3.84 (95% CI: 3.34 - 4.42) per million per year.

Table 1 presents the characteristics of the cases and matched controls. The mean age
at index date for both cases and controls was 61.6 years (standard deviation: 16.5) and 67%
were females. Compared to controls, cases were more likely to have been obese, and to
have used inhaled corticosteroids and antihypertensives (Table 1).

Table 2 presents the results of the primary analysis based on an 18-month lag before
the index date. Overall, the use of any antidepressant was associated with a 67% increased
risk of IPAH (RR: 1.67, 95% CI: 1.17-2.37) (Table 2). The rate of IPAH was similar between
SSRIs (RR: 1.67, 95% CI 1.09-2.57) and non-SSRI antidepressants (RR: 1.66, 95% CI 1.07—
2.59). In the sensitivity analysis which varied the lag period before the index date (Table 3 and
Figure 2), the risk of developing IPAH remained relatively consistent (Figure 2).

Table 4 presents the results of the secondary analyses. Overall, antidepressants
categorized as high and intermediate-low affinity for the serotonin or noradrenaline
transporter yielded similar RRs for IPAH. Furthermore, there was no effect of cumulative

duration of antidepressant use on the risk of IPAH.
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DISCUSSION

The results of this population-based study indicate that the use of antidepressants was
associated with an increased risk of IPAH. However, the association was not specific to the
antidepressant class, potency, or by cumulative duration of use. Such consistent results
suggest a non-causal association between the use of antidepressants and the risk of IPAH.

To date, the few studies investigating the association between the use of
antidepressants and the incidence of PAH have produced conflicting results.[5, 6] One initial
report suggested that SSRIs may be protective against the development of PAH, although
this study was based on a case series of patients referred to a specialist center and as
such may have been biased.[5] Subsequently, a case-control study of PAH patients from
Ontario, Canada showed an increased risk of PAH in patients exposed to SSRIs, but not with
non-SSRI antidepressants.[6] However, both of these studies, the use of antidepressants
was measured at any time prior to the date of the event, including the period immediately
before the event during when the disease process has already begun. Depressive symptoms
are prevalent in PAH patients, raising the concern of protopathic bias, where the initiation of a
drug may have been influenced by the initial signs or symptoms of the outcome of interest
(i.e. IPAH) rather than the drug itself.[16, 19, 20, 21] Indeed, we believe that the risk of
IPAH associated with inhaled corticosteroid use in our study is most likely a protopathic bias
reflecting empirical treatment of dyspnea with asthma medications. If the use of
antidepressants were truly associated with an increased risk of PAH, it would have been
expected that the risk would increase with longer lag periods, since exposure would precede
the initiation of the first symptoms. In our study, varying the lag period was not associated with
a substantial change in the point estimates. Moreover, it would have been expected that

exposure to higher potency inhibitors of the SERT or longer cumulative exposure would
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confer a higher IPAH risk. The absence of these effects in our study likely points to a non-
causal association between antidepressants and the incidence of IPAH, suggesting that
patients with depressive symptoms may be at increased risk of IPAH, independently from their
exposure to antidepressants. Indeed, it may be that depression and IPAH share a common
genetic dysregulation in 5HT signalling predisposing to both conditions.[23]

This study also has some limitations. Case ascertainment was difficult due to the
manner in which IPAH was recorded in the database. It is possible that some cases were
missed if they were never recorded in either the CPRD or HES databases, although our
incidence rate of 3.84/million per year is concordant with what has been previously reported
elsewhere.[ 24, 25, 26] The relatively high rates of obesity in our cohort are also consistent
with prior reports.[27] Our cohort had slightly higher rates of anti-hypertensive medication use
than has been previously reported, although we note that our cases were slightly older and
would therefore be more likely to require such medications.[24] The rarity of IPAH combined
with the difficulty of case designation lead to a relatively small cohort of cases and this would
tend to bias our results towards the null-hypothesis. The CPRD uses outdated nomenclature
(PPH — primary pulmonary hypertension) which was superseded at the Evian consensus
conference in 1998 with the current term idiopathic pulmonary arterial hypertension. In
addition, awareness of the nuances of pulmonary hypertension diagnosis amongst non-
specialists is likely to be low such that coding any patient with any form of pulmonary
hypertension as 'PPH’ may seem reasonable. In the present cohort only 3.3% of patients
coded by their general practitioner as having PPH were judged by to have IPAH by a PAH
specialist. Another limitation in the case ascertainment was that the CPRD/HES do not
capture prescriptions written by hospital physicians, which may have increased the likelihood

of rejecting a true case. We believe therefore that our case diagnosis was specific but not
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necessarily sensitive. We did not have patient-level physiological data to confirm each case,
which is a limitation common to many studies with this type of design.[6, 28] A sample of
cases was reviewed by a second physician whose classification of patients was in
substantial agreement with the first. It should also be emphasized that our cohort was an
idiopathic PAH population, where all secondary or associated causes of pulmonary
hypertension had been excluded. The previous studies included either all patients with
pulmonary hypertension of any cause (including cardiac and pulmonary disease), or all
patients with PAH without exclusion of associated diseases.[5, 6] Our risk estimates should
therefore be considered the most accurate to date.

In conclusion, in this study, the use of antidepressants, including SSRIs, was

associated with an increased risk of IPAH. However, the absence of a differential association

between the different types of antidepressants and by cumulative duration suggest a non-
causal association, and that perhaps the indication of use of these drugs may itself be

associated with an increased risk of IPAH.
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Figure legends:

Figure 1: Case Ildentification Flowchart.

Figure 2: Risk of developing Idiopathic Pulmonary Arterial Hypertension, at different lag times
between exposure to anti-depressants and disease diagnosis. Size of the point estimate is

proportional to sample size.
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Table 1: Characteristics of cases and matched controls
IPAH Cases Controls Crude RR (95% CI)

Characteristic n=195 n=61,926
Age, mean (SD) 61.6 (16.5) 61.2 (16.5) Matching variable
Female, n (%) 131 (67.2) 38,037 (67.2) Matching variable
Years follow-up ; Mean (SD) 8.4 (5.5) 8.4 (5.5) Matching variable
Body mass index, n (%)
<30 kg/m? 63 (32.3) 21,953 (37.5) 1.00 (reference)
230 kg/m? 42 (21.5) 7,628 (12.7) 2.01(1.35 - 3.00)
Missing 90 (46.2) 32,345 (49.8) 0.97 (0.64 - 1.47)
Smoking status, n (%)
Never 60 (30.8) 17,919 (30.0) 1.00 (reference)
Ever 63 (32.3) 15,882 (28.2) 1.13(0.78 - 1.63)
Missing 72 (36.9) 28,125 (41.8) 0.66 (0.41 - 1.08)
Prescription drugs, n (%)
Antihypertensives 93 (47.7) 16,732 (30.6) 2.82(1.99 - 4.02)
Antiparkinsons 1(0.5) 222 (0.5) 1.13(0.16 - 8.19)
Antipsychotics 7 (3.6) 1,914 (3.5) 1.02 (0.47 - 2.19)
Inhaled corticosteroids 29 (14.9) 3,783 (6.7) 2.49 (1.65 - 3.74)
NSAIDs 35 (17.9) 9,089 (15.4) 1.22(0.83-1.78)
Oral corticosteroids 13 (6.7) 1,959 (3.5) 2.01 (1.13-3.57)
Narcotic analgesics 51 (26.2) 10,060 (18.0) 1.73(1.22 - 2.44)

Abbreviations: IPAH Idiopathic Pulmonary Arterial Hypertension; NSAID non-steroidal anti-
inflammatory drugs.

The percentages in controls were weighted by the inverse of the number of controls in each
matched set.



Table 2: Crude odds ratios and adjusted rate ratios of IPAH associated with the use of antidepressants

IPAH Cases Controls

Crude RR

Use of antidepressants n=195 n=61,926

No use, n (%) 136 (69.7) 50,653 (81.8) 1.00

Use, n (%) 59 (30.3) 11,273 (18.2)  1.98
SSRIs 31 (15.9) 5,885 (9.5) 2.01
Non-SSRIs 28 (14.4) 5,388 (8.7) 1.96

Adjusted RR (95% CI)*

1.00 (reference)

1.67 (1.17 - 2.37)
1.67 (1.09 - 2.57)
1.66 (1.07 - 2.59)

Abbreviations: IPAH, idiopathic pulmonary arterial hypertension; SSRI, selective serotonin reuptake inhibitors.

*Adjusted for smoking status, obesity, and use of antihypertensives, antiparkinsonians, antipsychotics, inhaled

corticosteroids, NSAIDs, oral corticosteroids, and narcotic analgesics.
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Table 3: Sensitivity Analyses — varying lag times from 0 to 60 months.

Use of antidepressants
No lag

No use, n (%)

Use, n (%)

12-month Lag
No use, n (%)
Use, n (%)

24-month lag
No use, n (%)
Use, n (%)

36-month lag
No use
Ever use

48-month lag
No use
Ever use

60-month lag
No use
Ever use

Abbreviations: IPAH Idiopathic pulmonary hypertension; RR Rate Ratio

IPAH Cases Controls

n=195
123 (63.1)

72 (36.9)

134 (68.7)
61 (31.3)

141 (72.3)
4 (27.7)

148 (75.9)
47 (24.1)

158 (81.0)
37 (19.0)

164 (84.1)
31 (15.9)

Crude RR Adjusted RR (95% CI)

n=61,926
48,223 (77.9) 1.00

13,703 (22.1) 2.07

49,937 (80.6) 1.00
11,989 (19.4) 1.90

51442 (83.1) 1.00
10484 (16.9) 1.94

52877 (85.4) 1.00
9049 (14.6) 1.96

54137 (87.4) 1.00
7789 (12.6) 1.74

55373 (89.4) 1.00
6553 (10.6) 1.73

1.00 (Reference)
1.56 (1.12 - 2.16)

1.00 (Reference)
1.52 (1.07 - 2.15)

1.00 (Reference)
1.62 (1.13-2.32)

1.00 (Reference)
1.62 (1.10 - 2.38)

1.00 (Reference)
1.41 (0.93 - 2.14)

1.00 (Reference)
1.43 (0.91 - 2.25)

*Adjusted for smoking status, obesity, and use of antihypertensives, antiparkinsonians,
antipsychotics, inhaled corticosteroids, NSAIDs, oral corticosteroids, and narcotic analgesics.
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Table 4: Effect of drug receptor affinities and cumulative duration of antidepressant use on the incidence of IPAH

IPAH Cases Controls _
Crude RR Adjusted RR (95% CI)*

n=195 n=61,926
Kp for inhibition of 5HT transporter
High, n (%) 21 (10.8) 4,666 (7.5) 1.76 1.46 (0.89 - 2.40)
Low/intermediate, n (%) 38 (19.5) 6,607 (10.7) 2.13 1.80 (1.21 - 2.69)
Kb for inhibition of NA transporter
High, n (%) 42 (21.5) 7850 (12.7) 2.09 1.72 (1.16 — 2.55)
Low/intermediate, n (%) 17 (8.7) 3423 (5.5) 1.78 1.57 (0.92 - 2.67)
Cumulative duration of use of SSRIs
<1 year, n (%) 15 (7.7) 3,184 (5.1) 1.82 1.62 (0.92 - 2.84)
21 year, n (%) 16 (8.2) 2,701 (4.4) 2.22 1.73 (0.99 - 3.02)

Abbreviations: 5SHT Serotonin; AD antidepressants; Kp Dissociation Constant; IPAH Idiopathic Pulmonary Arterial
Hypertension; NA Noradrenaline; SSRI Selective Serotonin Reuptake Inhibitors.

*Adjusted for smoking status, obesity, use of antihypertensive anti-parkinsonians, antipsychotics, inhaled corticosteroids,
NSAIDs oral corticosteroids and narcotic analgesics.
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Figure 1
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