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ABSTRACT

Background Recently in France, primary pulmo-
nary hypertension developed in a cluster of patients
exposed to derivatives of fenfluramine in appetite
suppressants (anorexic agents), which are used for
weight control. We investigated the potential role of
anorexic agents and other suspected risk factors for
primary pulmonary hypertension.

Methods |n a case-control study, we assessed 95
patients with primary pulmonary hypertension from
35 centers in France, Belgium, the United Kingdom,
and the Netherlands and 355 controls recruited from
general practices and matched to the patients’ sex
and age.

Results The use of anorexic drugs (mainly deriv-
atives of fenfluramine) was associated with an in-
creased risk of primary pulmonary hypertension
(odds ratio with any anorexic-drug use, 6.3; 95 per-
cent confidence interval, 3.0 to 13.2). For the use of
anorexic agents in the preceding year, the odds ratio
was 10.1 (95 percent confidence interval, 3.4 to 29.9).
When anorexic drugs were used for a total of more
than three months, the odds ratio was 23.1 (95
percent confidence interval, 6.9 to 77.7). We also
confirmed an association with several previously
identified risk factors: a family history of pulmonary
hypertension, infection with the human immunode-
ficiency virus, cirrhosis, and use of cocaine or intra-
venous drugs.

Conclusions The use of anorexic drugs was asso-
ciated with the development of primary pulmonary
hypertension. Active surveillance for this disease
should be considered, particularly since the use of
anorexic drugs is expected to increase in the near fu-
ture. (N Engl J Med 1996;335:609-16.)
©1996, Massachusetts Medical Society.

RIMARY pulmonary hypertension is a rare,

often fatal disease that tends to occur with

particular frequency in women during their

third or fourth decade.!:? The factors lead-
ing to its development remain enigmatic. The oc-
currence of familial primary pulmonary hyperten-
sion suggests a genetic susceptibility.? Reports have
also suggested that portal hypertension*5 and recent
pregnancy® may have causative roles. Exogenous fac-
tors have been suspected as well, including cocaine
use,” infection with the human immunodeficiency
virus (HIV),? oral-contraceptive use,”1? and the use
of anorexic agents.!'13 In the 1960s, there was
an epidemic of primary pulmonary hypertension in
Switzerland, Germany, and Austria in association
with a particular anorexic agent, aminorex fuma-
rate.!! In the early 1990s, French investigators re-
ported a cluster of cases among patients who had
used derivatives of fenfluramine.!3 Dexfenfluramine,
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the main drug thought to be involved, is used to
treat obesity.

We sought to assess the incidence of primary pul-
monary hypertension and investigate the causative
roles of various suspected risk factors, especially an-
orexic agents.!4

METHODS

This was a prospective case—control study conducted in four
countries (France, Belgium, the United Kingdom, and the Neth-
erlands). The study included men and women 18 to 70 years of
age who had lived in the country where they were studied for
more than six months, were able to participate in the interview,
and did not have another chronic, active, life-threatening disease.

Three hundred six cardiology and pulmonary-medicine centers
at large or university-based hospitals, public and private, were
contacted in France, Belgium, the United Kingdom, and the
Netherlands, and 220 of them agreed to participate. The centers
were provided with stamped, preaddressed postcards with which
to report cases of primary pulmonary hypertension to local re-
search teams. The centers were also contacted every two to three
months by mail or telephone, or they were visited. The medical
records of the patients identified were screened at each site by
trained specialists who, in almost all instances, were not affiliated
with the reporting centers. During the site visits, the diagnostic
and reporting process at the centers was reviewed to identify pa-
tients with primary pulmonary hypertension who might have
been overlooked and assess potential biases in reporting. In Bel-
gium, regular contact was established with each of 71 centers
where primary pulmonary hypertension might have been diag-
nosed. This contact allowed us to calculate the annual incidence
of the disease in the Belgian population.

Patients

We recruited patients with primary pulmonary hypertension di-
agnosed from September 1, 1992, through September 30, 1994,
at the time of the patient’s first right-heart catheterization. The
diagnosis required both that pulmonary hypertension be doc-
umented and that the following secondary causes be absent:
congenital abnormalities of the lungs, thorax, or diaphragm; con-
genital or acquired valvular or myocardial disease; pulmonary
thromboembolism; obstructive lung disease; interstitial lung dis-
case; pulmonary-artery or pulmonary-valve stenosis; pulmonary
venous hypertension; central hypoventilation with hypoxemia and
hypercapnia; parasitic disease affecting the lungs; sickle cell ane-
mia; the acquired immunodeficiency syndrome (AIDS); and col-
lagen vascular diseases. An international panel of reviewers as-
sessed abstracted medical data, cardiac-catheterization reports,
chest radiographs, perfusion lung scans, and echocardiographic
images or reports for patients qualifying for the study. The panel,
whose members had no knowledge of any patient’s exposure to
anorexic drugs, classified the patients in three groups: patients
with definite primary pulmonary hypertension, those with prob-
able primary pulmonary hypertension, and those who were not
considered appropriate for the study. The first two groups were
included in the case—control analysis. The reproducibility of the
classifications, as verified by a second review of 10 randomly se-
lected files, was excellent (all the decisions to include or exclude
patients were confirmed). The results of autopsy or biopsy were
obtained for nine patients who underwent transplantation or died
soon after their inclusion in the study, and they all had plexogenic
pulmonary arteriopathy, regardless of their status with respect to
anorexic-drug use.

Controls

Four control patients were sought for each patient with pri-
mary pulmonary hypertension. The controls were randomly se-
lected from lists of consecutive patients seen by the same general
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practitioner as the patient with primary pulmonary hypertension.
The general practitioner was identified by the patient and defined
as the physician the patient consulted for usual care. If this phy-
sician was unavailable (usually because he or she refused to par-
ticipate in the study), other general practitioners were contacted
who practiced in the region where the patient lived. One third of
the controls were recruited in this manner. The controls were in-
dividually matched to the case patients with respect to age (within
five years), sex, and the number of visits to the physician per year
(<2 or =2). The following data were recorded for all the visits
made during a one-week period: the patient’s name, age, sex, and
the number of visits made by that patient per year. All visits of
patients who met the matching criteria were identified, and four
controls were randomly selected by the local coordinating center.
The general practitioner was contacted again for the names and
telephone numbers of the patients selected. The same criteria for
inclusion and exclusion were used in selecting the controls that
were used in selecting the case patients, except for the diagnosis
of primary pulmonary hypertension.

Exposure to Anorexic Drugs

Each patient underwent a thorough, face-to-face interview con-
ducted by a specially trained interviewer who had no medical
background and was unaware of the study’s main hypotheses. The
patients were asked about demographic characteristics; their med-
ical, surgical, and obstetrical histories; and exposure to drugs. Data
on such exposures were recorded chronologically on a calendar-
like data sheet. The recording of exposures reported to have oc-
curred after August 1, 1989, was more detailed than that of earlier
exposures. The presence of HIV infection and the diagnosis of cir-
rhosis were determined by a review of the medical charts. Drug
use was established by three methods: spontancous reporting by
the patient; the presentation to the patient of lists of approximate-
ly 80 trade names chosen from among the most commonly pre-
scribed drugs in 17 therapeutic classes (the individual products
varied slightly from country to country); and the presentation to
the patient of a visual display showing 35 selected packages, tab-
lets, or both. Only exposure to antihypertensive drugs, oral con-
traceptives, thyroid extracts, and anorexic agents (also called appe-
tite suppressants) was analyzed. The following anorexic agents
were considered: derivatives of fenfluramine (fenfluramine and
dexfenfluramine), amphetamine-like anorexic agents (diethylpro-
pion [amfepramone], clobenzorex, fenproporex, mazindol, and
phenmetrazine), and compound preparations of appetite-suppres-
sant drugs and other drugs taken to lose weight. Special prepara-
tions used in order to lose weight, with no reference to appetite
suppression, were not considered anorexic agents. Each patient
was given a special questionnaire assessing his or her use of illicit
drugs (intravenous drugs, cocaine, hashish, and marijuana). The
data-collection process was identical in all the countries studied.

For each case patient and that patient’s matched controls, the
index date used in the study of risk factors corresponded to the
date of onset of the case patient’s symptoms (usually dyspnea).
Patients were classified as having been exposed to a given risk fac-
tor if the exposure occurred before the index date (a “definite ex-
posure”). Exposures reported to have occurred at an indetermi-
nate time or during the same month as the index date were
classified as “possible exposures.” Patients in whom the exposure
began after the index date were considered unexposed to that risk
factor. Definite exposure to anorexic agents was categorized fur-
ther, depending on whether the exposure occurred in the 12
months before the index date (“recent use”) or had ended more
than 12 months earlier (“past use”). Because of the design of the
calendar data sheet, this categorization could be used only for 65
case patients and 234 matched controls whose index dates were
later than August 1, 1989.

Statistical Analysis

All the odds ratios presented here were obtained through con-
ditional logistic regression. All the models included exposure to
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appetite suppressants (categorized as none, possible, or definite,
as defined above), weight-related confounding variables, and oth-
er variables thought to be possible risk factors. The weight-related
variables consisted of the patient’s highest lifetime body-mass in-
dex (calculated as the weight in kilograms divided by the square
of the height in meters and dichotomized as <30 and =30, a cut-
off point selected a priori); behavior aimed at losing weight (cat-
egorized as present or absent, with the former defined as a report
of unstable weight; the use of diuretics, laxatives, or phytotherapy
for weight loss; or episodes of anorexia); and the use of thyroid
extracts (yes or no). The other variables thought to be risk factors
were the use of cocaine, intravenous drugs, or both (yes or no);
treatment for systemic hypertension (present or absent); and
smoking (yes or no). In separate analyses conducted of women,
oral-contraceptive use (yes or no) and pregnancy during the year
before the index date (yes or no) were also considered, and ad-
justment was made for them. Variability in sampling associated
with the estimated odds ratios was assessed by two-sided 95 per-
cent confidence intervals. All the analyses were performed with
the SAS statistical package, version 6.13 (Unix), and Egret, ver-
sion 026.6. P values of less than 0.05 were considered to indicate
statistical significance.

RESULTS

One hundred thirty-five patients with primary pul-
monary hypertension met the criteria for inclusion
in the study. An additional 26 patients were already
dead or were too sick to be interviewed. Twenty-
three of the 135 patients were considered by the re-
view panel not likely to have primary pulmonary hy-
pertension, 2 were lost to follow-up, 2 declined to
participate, and 13 could not be interviewed, or
their data reviewed, before the final analysis. The
remaining 95 patients (80 with definite and 15
with probable primary pulmonary hypertension),
who were retained in the case—control study, were
identified at a total of 35 specialized centers (Table
1). A national referral center for primary pulmonary
hypertension in France (Antoine Béclére Hospital)!s
contributed 35 patients; the other centers each
contributed 1 to 6 patients (mean, 1.7). The mean
(£SD) age of the case patients was 44.7+12.3 years,
and that of the controls was 45.1 £12.6 years. Among
the case patients, the female:male ratio was 2.3:1
(Table 1). Among the controls, the rate of participa-
tion was 85.3 percent in France, 92.1 percent in Bel-
gium, 81.8 percent in the United Kingdom, and
100 percent in the Netherlands.

The clinical characteristics of the patients with
primary pulmonary hypertension are shown in Table
2. Dyspnea was the initial symptom in 91 percent,
and it was severe (New York Heart Association class
IIT or IV) in two thirds at the time of diagnosis. In
almost two thirds of these patients, the diagnosis was
not established until more than a year had passed af-
ter the appearance of symptoms.

The case patients and the controls were very sim-
ilar with regard to both occupation and 24 broad
classes of preexisting morbidity, as defined in the
International Classification of Diseases, Ninth Revi-
sion. The case patients and the controls had taken
an almost identical number of drugs (4.4*+4.5 and

TABLE 1. CHARACTERISTICS AND COUNTRIES OF THE

STUDY POPULATION.

Case
No. oF PATIENTS CONTROLS
COUNTRY CENTERS (N=95) (N=355)
no. (%)
France 18
National referral 35(36.8) 117 (33.0)
center 29 (30.5) 115 (32.4)
Other 17 centers
Belgium 7 13 (13.7) 59 (16.6)
United Kingdom 6 11 (11.6) 36 (10.1)
The Netherlands 4 7 (7.4) 28 (7.9)
All 35
Women 66 (69.5) 265 (74.6)
Men 29 (30.5) 90 (25.4)
Mean (£SD) age 44.7+12.3 45.1*12.6

—yr

TABLE 2. CLINICAL, FUNCTIONAL, AND PULMONARY
HEMODYNAMIC VARIABLES IN THE 95 PATIENTS
WITH PRIMARY PULMONARY HYPERTENSION.

VARIABLE*

Initial symptoms (% of patients)
Dyspnea
Chest pain
Syncope
Edema
Time from onset of symptoms to cardiac
catheterization (% of patients)
<12 mo
12-35 mo
=36 mo
Unknown
Severity of dyspnea at diagnosis
(% of patients)
NYHA class I or II
NYHA class IIT or IV
Cardiac-catheterization findings (mm Hg)
Pulmonary arterial pressure
Systolic
Diastolic
Mean
Pulmonary-capillary wedge pressure
Right atrial pressure
Pulmonary-function tests (% of predicted value)
Forced vital capacity
Total lung capacity
FEV,
DLCO
Blood gas measurements
PaCO, (mm Hg)
PaO, (mm Hg)
Sa0, (%)

VALuet

37
39
20

34
66

88+21
39+10
57*13
9+3
11x6

98+15
97*13
91+16
79+22

31£5
76%20
94+4

*NYHA denotes New York Heart Association, FEV, forced
expiratory volume in one second, DLCO single-breath dif-
fusing capacity for carbon monoxide, PaCO, partial pressure
of arterial carbon dioxide, PaO, partial pressure of arterial

oxygen, and SaO, arterial oxygen saturation.

1Plus—minus values are means £SD.
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4.3*+4.4, respectively). Two case patients reported a
family history of primary pulmonary hypertension;
three had HIV infection (eight with AIDS were ex-
cluded from the study at the screening stage); more
case patients than controls were alcohol drinkers
(72.6 percent vs. 64.0 percent), but not significantly
more (P=0.13); and seven case patients reported a
history of cirrhosis, which could be confirmed in four
from the medical chart. None of these diseases were
reported by any of the controls.

Table 3 shows the frequency of appetite-suppres-
sant use and the adjusted odds ratios for primary
pulmonary hypertension with all the confounding
variables and other risk factors. Thirty case patients
(31.6 percent) and 26 controls (7.3 percent) report-
ed using appetite suppressants before their index date,
yielding a crude (matched) odds ratio of 7.1 (95 per-
cent confidence interval, 3.7 to 13.9) and an adjust-
ed odds ratio of 6.3 (95 percent confidence interval,
3.0 to 13.2) (Table 3). The odds ratio associated
with recent use (in the year before the index date)
was 10.1 (95 percent confidence interval, 3.4 to

TABLE 3. USE OF APPETITE SUPPRESSANTS
AND ADJUSTED ODDS RATIOS FOR THE RISK OF
PRIMARY PULMONARY HYPERTENSION.

Case ADJUSTED
PATIENTS CONTROLS Obbs RaTIO
VARIABLE (N=95) (N =355) (95% CI)*
no. (%)
Definite use of appetite 30 (31.6) 26 (7.3) 6.3 (3.0-13.2)
suppressants
Duration of use
<3 mo 7 (7.4) 12 (34) 1.8(0.5-5.7)
>3 mo 18 (19.0) 5(14) 23.1(69-77.7)
Indeterminate 5(5.3) 9(2.5) 2.6(0.5-12.6)
Products reported as usedt
Dexfenfluramine 18 (18.9) 22 (6.2) —
Fenfluramine 6 (6.3) 4 (1.1) —
Diethylpropion 3(32) 2 (0.6) —
Clobenzorex 3(32) 6 (1.7) —
Fenproporex 2(21) 1(0.3) —
Phenmetrazine 2(2.1) 0 —
Compounds 7(7.4) 0 —
Possible use 3(32) 2 (0.6)
Use after index date 3(3.2) 17 (4.8)
Timing of use}
Recent 14 (21.5) 7 (3.0) 10.1 (3.4-29.9)
Past 7 (10.8) 14 (6.0) 2.4 (0.7-8.2)

*QOdds ratios were adjusted for systemic hypertension, use of cocaine or
intravenous drugs, smoking status, high body-mass index, weight-loss be-
havior, use of thyroid extracts, and possible exposure to anorexic agents. CI
denotes confidence interval.

tCategories shown are not mutually exclusive because patients may have
had multiple concomitant or serial exposures.

1Data are based on appetite-suppressant use in 65 case patients and 234
matched controls. Recent denotes anorexic-drug use within the 12 months
before the index date, and past denotes use that ended more than 12
months before the index date.
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29.9), and the odds ratio associated with past use
was 2.4 (95 percent confidence interval, 0.7 to 8.2).
The odds ratio increased sharply with the duration
of exposure (use for three months or less, 1.8; use
for more than three months, 23.1). The total intake
of anorexic drugs was estimated by totaling the re-
ported number of months of use. Figure 1 shows the
distribution of such intake for the patients with pri-
mary pulmonary hypertension and the controls. Very
few controls (0.6 percent) used anorexic agents for
a total of 12 months or more, as compared with
12.6 percent of case patients.

When the case patients with cirrhosis, familial pul-
monary hypertension, HIV infection, or intrave-
nous drug use and their matched controls were ex-
cluded from the analysis, the adjusted odds ratio
associated with anorexic-drug use increased to 8.6
(95 percent confidence interval, 3.8 to 19.5). There
was no change in the effects of anorexic drugs or
other risk factors for primary pulmonary hyperten-
sion when alcohol intake was included in the logis-
tic model (odds ratio, 6.3). Among female subjects,
27 patients with primary pulmonary hypertension
(40.9 percent) and 25 controls (9.4 percent) had
used anorexic drugs (adjusted odds ratio, 7.9; 95
percent confidence interval, 3.5 to 17.5), as com-
pared with 3 male patients with primary pulmonary
hypertension (10.3 percent) and 1 male control
(1.1 percent) (adjusted odds ratios were not defined
for men).

Table 3 also shows the individual drugs used by
the case patients and the controls. Dexfenfluramine
and fenfluramine were the most commonly used: 22
patients (23.2 percent) and 23 controls (6.5 per-
cent) had used at least one of them; of these sub-
jects, 16 patients (16.8 percent) and 18 controls (5.1
percent) reported not using any other anorexic drug.
Amphetamine-like anorexic agents (diethylpropion,
clobenzorex, fenproporex, phenmetrazine, or a com-
bination of these) had been used by eight case pa-
tients (8.4 percent) and eight controls (2.3 percent),
among whom only two case patients and three con-
trols did not also report using a fenfluramine deriv-
ative before the index date. Seven patients with pri-
mary pulmonary hypertension (7.4 percent) and no
controls reported exposure to compound prepara-
tions. The content of the compound preparations
used by three patients was learned: one contained
dexfenfluramine, one contained an amphetamine-
like anorexic agent and possibly fenfluramine, and one
contained both an amphetamine-like anorexic agent
and dexfenfluramine; the preparations also typically
contained diuretics, phytotherapy products, thyroid
extracts, or a combination of these. Most of the ex-
posure to appetite suppressants occurred in France
(22 patients and 22 controls) and Belgium (6 pa-
tients and 4 controls). One patient each from the
United Kingdom and the Netherlands had used ap-
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Patients (%)

Duration of Anorexic-Drug Use

Figure 1. Duration of Exposure to Anorexic Drugs in the Study
Patients before the Onset of Symptoms of Primary Pulmonary
Hypertension.

petite suppressants. The matched crude odds ratios
associated with the use of appetite suppressants were
10.7 in Belgium and 5.9 in France (these ratios
could not be calculated in the Netherlands or the
United Kingdom). All the patients from the nation-
al referral center in France and several Belgian pa-
tients were followed, and there was no marked im-
provement in the condition of those who had used
anorexic agents after that use had stopped.

Table 4 shows the frequency of the weight-relat-
ed confounding variables and the other variables
thought to be risk factors for primary pulmonary
hypertension, with their corresponding odds ratios
(after adjustment for each other and for the use of
anorexic agents). High body-mass index, treated sys-
temic hypertension, the use of cocaine or intrave-
nous drugs (in patients without HIV infection), and
pregnancy in the year before the onset of symptoms
were more frequent in the patients with primary
pulmonary hypertension than in the controls, but
not significantly so. The case patients used thyroid
extracts less often than the controls, but not signifi-
cantly so. Although smoking was reported signifi-
cantly more often by case patients than by controls,
it was not associated with an increased risk of pri-
mary pulmonary hypertension when other covari-
ates were controlled for. The use of oral contracep-
tives, hashish, and marijuana (data not shown) did
not differ between the patients and the controls.
When the case patients with HIV, cirrhosis, familial
pulmonary hypertension, or intravenous drug use
and their matched controls were excluded from the
analysis, the effect of the risk factors shown in Table
4 did not differ notably between groups. The adjust-
ed odds ratio associated with obesity was 1.6 (95
percent confidence interval, 0.7 to 3.7) in women.

Incidence Study

In the study of the annual incidence of primary
pulmonary hypertension in Belgium, 24 patients
were identified over a 24-month period (13 were in-
cluded in the case—control study and 11 either had
died or were identified too late to be included).
There were approximately 7 million inhabitants of
Belgium 18 to 70 years of age at the time of the
study. The annual incidence of primary pulmonary
hypertension in this population was 1.7 per million
(95 percent confidence interval, 1.0 to 2.4).

DISCUSSION

Our most striking findings concern the use of ap-
petite suppressants as a risk factor for primary pul-
monary hypertension, especially use lasting more
than three months (odds ratio, 23.1). This is espe-
cially important because dexfenfluramine, the main
drug involved in this study, was recently approved by
the Food and Drug Administration for the long-
term treatment of obesity. The risk of primary pul-
monary hypertension seems to increase steadily with
the quantity of appetite suppressants used, but there
has been very little experience with their long-term
use in Europe.

We conducted additional analyses to identity po-
tential sources of bias. We investigated whether pa-
tients exposed to anorexic agents could have been
preferentially included in the study. This phenome-
non may not be significant in the United Kingdom
and the Netherlands, where anorexic agents were
rarely used, or in Belgium, where the number of pa-
tients in the incidence study was very close to the

TABLE 4. FREQUENCY OF WEIGHT-RELATED
AND OTHER VARIABLES AND ADJUSTED ODDS RATIOS
FOR THE RISK OF PRIMARY PULMONARY HYPERTENSION.

Case ADJUSTED

PATIENTS CONTROLS Obbs RATIO

VARIABLE (N=95) (N=355) (95% CI)*
no. (%)
All patients
Body-mass index =30 34 (35.8) 65 (18.3) 1.9 (1.0-3.6)
Weight-loss behavior 57 (60.0) 178 (50.1) 1.1 (0.6-2.0)
Thyroid-extract use 2(21) 11 (3.1) 0.5 (0.1-2.5)
Systemic hypertension 11 (11.6) 21 (5.9) 2.1(0.7-6.0)
Use of cocaine or intravenous 4 (4.2) 4(1.1) 2.8(0.5-15.7)
drugs

Smoking 42 (442) 112(31.5) 1.4 (0.8-2.4)
Female patientst
Recent pregnancy 5(7.6) 14 (5.3) 1.9 (0.6-6.0)
Oral-contraceptive use 47 (71.2) 174 (65.7) 1.3 (0.6-3.1)

*Qdds ratios are adjusted for appetite-suppressant use. CI denotes con-
fidence interval.

tData shown are based on 66 case patients and 265 matched controls.

Volume 335 Number 9 - 613

Downloaded from www.nejm.org on November 11, 2009 . For personal use only. No other uses without permission.
Copyright © 1996 Massachusetts Medical Society. All rights reserved.



The New England

Journal of Medicine

number expected on the basis of earlier figures.!* In
France, only two thirds of the centers contacted
agreed to participate in the study. We think it very
unlikely that at these centers a significant number of
patients, if any, with diagnosed primary pulmonary
hypertension might not have been reported, consid-
ering all the verification procedures we used. There
is no reason to believe that the proportion of pa-
tients exposed to anorexic agents would differ in the
centers that did not participate. We have been in-
formed that at least five cases of primary pulmonary
hypertension diagnosed during the study period in
patients who were exposed to derivatives of fenflur-
amine were reported to the manufacturer by non-
participating centers. Among the participating cen-
ters, the exposure to anorexic agents was similar in
the patients originally identified at the national re-
ferral center (31 percent) and those identified at all
the other French centers combined (37 percent). Al-
so, we obtained data on exposure to anorexic drugs
in the 13 patients identified too late to be included
in the study and found that it was 31 percent —
close to the proportion reported for the patients
who were included. Sixty-two percent of the pa-
tients did not report any use of anorexic agents, as
is consistent with the fact that anorexic agents are
obviously not the only possible cause of this disease.

There could be another selection bias if persons
with primary pulmonary hypertension who used an-
orexic agents were more likely to have their disease
recognized than other patients. To explore this po-
tential bias, we examined the time between the ap-
pearance of the first symptoms and the diagnosis
and found that it did not differ significantly between
the case patients who used anorexic agents and those
who did not (16.8 and 17.6 months, respectively).
We also compared the degree of dyspnea at the time
of diagnosis and found that it was more often severe
(New York Heart Association class III or IV) in case
patients who used anorexic agents (89.7 percent)
than in those who did not (56.6 percent), whereas
the reverse would be expected if there were a prefer-
ential bias based on the diagnosis. (This study was
done only among patients whose index dates were
later than August 1, 1989.)

We also examined potential sources of misclassifi-
cation of the exposure to anorexic agents. Patients
with primary pulmonary hypertension might be more
likely to remember using anorexic agents than con-
trols (recall bias). On the basis of sales figures, we
estimated a priori that 5 percent of the controls
would have exposure to a derivative of fenflura-
mine,'* and we found that 6.2 percent actually had
such exposure. The accuracy of the index date was
another source of concern, since the development of
dyspnea is often insidious. To explore this matter, we
recalculated the odds ratios with the index dates
moved back to 12 months before the reported dates
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and found that the odds ratio associated with the
use of anorexic agents was 7.4 — higher than the
original odds ratio (6.3). Exposure after the original
index date was slightly less frequent in the case
patients than in the controls. All this rules out a
“protopathic” (reverse causality) bias. We could not
verify the actual content of most of the so-called
appetite-suppressant compound preparations, but in
the three instances in which we could do so, we found
that they did contain anorexic agents. “Possible ex-
posure” to anorexic agents was more often found in
case patients than in controls.

We considered whether the association between
the use of appetite suppressants and primary pulmo-
nary hypertension could be explained by the con-
founding effect of obesity or that of any hidden
factor associated with obesity. The odds ratio for an-
orexic agents was similar whether or not the logistic-
regression models were adjusted for high body-mass
index. The odds ratio for the interaction between
obesity and appetite-suppressant use was 1.0 (95
percent confidence interval, 0.2 to 3.5). Therefore,
the effect of anorexic agents was the same whether
patients had a high body-mass index or not. Neither
weight-loss behavior of another type nor the use of
thyroid extracts was positively associated with the
risk of primary pulmonary hypertension, as would
have been expected if obesity accounted for the
odds ratio observed for anorexic agents.

We believe that the association between anorexic
agents and primary pulmonary hypertension is due
to neither bias nor chance. Our findings are consis-
tent with observations in the 1960s of an association
of primary pulmonary hypertension with the use of
aminorex fumarate!! and of more recent associations
with fenfluramine derivatives, other anorexic agents,
or related products.!1-13.16-18 The consistency of our
observations with previous findings, the strength of
the association, the fact that it increases with longer
use, and the fact that it is stronger with recent use
than with past use all favor a causal relation. It is also
worth noting that cases have been described in which
the disease regressed after exposure to fenfluramine
ended.!” Susceptibility factors are also likely to play
a part, considering the rarity of primary pulmonary
hypertension. The results apply mainly to derivatives
of fenfluramine, which were used by 90 percent of
the subjects who named an individual anorexic agent
and were contained in all the preparations whose ac-
tual content was determined. The role of other am-
phetamine-like anorexic agents is unclear, and such
agents were rarely used alone.

How fenfluramine and dexfenfluramine may lead
to pulmonary hypertension is unknown. Hypotheses
have been put forward that implicate serotonin,!® a
pulmonary vasoconstrictor, a direct vasoconstrictor
effect through potassium-channel blockade2? (an ef-
fect that has also been shown to occur with amino-
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rex), and pulmonary vasoconstriction,?! but these
hypotheses remain speculative.

This international epidemiologic study of primary
pulmonary hypertension confirms the clinical fea-
tures of the disease as described in the National
Registry of Primary Pulmonary Hypertension? and
several case series.!5-22 The severity of dyspnea at the
time of diagnosis was consistent with the long delay
between the first symptoms and diagnosis, a finding
similar to that observed in the registry.2 Efforts to
shorten the delay could be valuable, since treatment
has recently been shown to be effective in some pa-
tients.2324

Our results also confirm the role of several previ-
ously described risk factors for pulmonary hyperten-
sion, including HIV infection®25 and cirrhosis.*> Be-
cause of simultaneous or multiple exposures, the role
of intravenous drug use could not be examined sep-
arately from that of cocaine use, but both were used
more frequently by the patients with primary pul-
monary hypertension than by the controls. Primary
pulmonary hypertension has previously been ob-
served in infants born to mothers with a history of
cocaine abuse” and in users of related drugs.2¢-27 Pul-
monary hypertension associated with intravenous
drug use may also be due to the embolism of talc or
other foreign substances. Recent pregnanciesS and
treated systemic hypertension appeared to be more
frequent in the case patients than in the controls, but
the study did not have sufficient power to be conclu-
sive in this regard. We could not confirm the previ-
ously reported suspicion of an association with oral-
contraceptive use.®10 Obesity, which was marginally
associated with the risk of primary pulmonary hyper-
tension in this study, has not been previously report-
ed as a risk factor. A subject’s report of obesity may
have been associated with use of anorexic agents that
the subject did not report. If so, the appearance of
an effect of obesity on the risk of primary pulmonary
hypertension simply reflects the harmful effects of
small amounts of unrecorded drug use.

In conclusion, the annual incidence of primary
pulmonary hypertension estimated from this study is
very low — on the order of 1 case per 500,000 in-
habitants. The corresponding absolute risk for obese
persons who use anorexic agents for more than three
months would be more than 30 times higher than
for nonusers. It is not known to what extent the risk
continues to increase with longer use, because the
experience with long-term use of anorexic agents has
been extremely limited. We recommend active sur-
veillance of the use of these drugs, especially if long-
term use is planned.
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