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Primary pulmonary hypertension is a rare, progressive
and incurable disease [1]. Its aetiology is still unknown,
although portal hypertension, human immunodeficiency
virus infection, intake of toxins, and appetite-suppressants
have been implicated in some patients [1]. At the end of
the 1960s, an epidemic of pulmonary hypertension occurr-
ed in Germany, Switzerland and Austria after the intro-
duction of the appetite-suppressant aminorex [2]. In the
early 1990s, French investigators reported a cluster of
cases associated with the intake of fenfluramine or its D-
isomer dexfenfluramine [3]. The suspicion that fenflu-
ramines also carry an increased risk of pulmonary hyper-
tension pro-mpted an international case-control study, the
International Primary Pulmonary Hypertension Study
(IPPHS). Based on the analysis of 95 cases and 355 con-
trols re-cruited in France, Belgium, the UK, and the Neth-
erlands, the IPPHS reported an odds ratio of 23 for cases
of prim-ary pulmonary hypertension exposed to appetite
suppressants (mainly fenfluramines) for >3 months [4].
However, surprisingly, these results did not prevent the
approval of dexfenfluramine for the treatment of obesity
in the USA by the Food and Drug Administration [5, 6].

The Belgian contribution to the IPPHS was character-
ized by the highest level of intake of appetite suppressants
and by the highest number of included patients per popu-
lation. However, because of the stringent inclusion criteria
of the IPPHS, only a minority of these patients could be

reported. We therefore thought it of interest to describe the
Belgium experience in detail, as an illustration of the dire
consequences of a policy of unrestricted prescription of
appetite suppressant drugs.

Patients and methods

Patients

The study included Belgian residents of both sexes,
aged 18–70 yrs, with primary pulmonary hypertension dia-
gnosed between January 1992 and September 1994. The
diagnosis required both the documentation of pulmonary
hypertension, with a mean pulmonary arterial pressure
(Ppa) >25 mmHg, and the absence of the following secon-
dary causes: congenital abnormalities of lungs, thorax or
diaphragm; congenital or acquired valvular or myocardial
disease; pulmonary thromboembolism; obstructive lung
disease; interstitial lung disease; pulmonary artery or pul-
monary valve stenosis; pulmonary venous hypertension;
central hypoventilation with hypoxaemia and hypercapnia;
parasitic disease affecting the lungs; sickle cell anaemia;
acquired immunodeficiency syndrome; collagen vascular
diseases; and active liver disease or portal hypertension.
To exclude secondary pulmonary hypertension, an algorithm
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was used based on a mandatory chest radiograph, respira-
tory function, perfusion lung scan, echocardiogram, right
heart catheterization, and arterial blood gases [7].

Sixty-four cardiology and pneumology centres at large
or university-based hospitals were contacted and agreed to
participate in the study. The reported cases were screened
for inclusion criteria on site by a trained pneumologist,
and medical data were extracted from the hospital records.
Thereafter, the cases were reviewed by an international
panel of experts. The panel classified the cases into three
groups with respect to the diagnosis of primary pulmon-
ary hypertension as appropriate, possibly appropriate, and
inappropriate. Only the first two categories were included
in the IPPHS. The last category included patients in whom
the primary nature of the pulmonary hypertension was in
some way questionable. Because of the prospective re-
cruitment required for the IPPHS, the cases were divided
into "prevalent" cases (diagnosed before September 1992)
and "incident" cases (diagnosed after the launching of the
study in September 1992). The prevalent cases were also
excluded from the IPPHS.

Controls

Controls were randomly selected from lists of consecu-
tive patients seen by the same general practitioner, or, if
this physician was unavailable, by other general practi-
tioners in the same geographical area. The controls were
individually matched to the patients with respect to age,
sex, and the number of visits to the physician per year be-
fore the diagnosis of primary pulmonary hypertension.
There were controls only for the patients who could be
interviewed, which explains why the initial aim of 4 con-
trols per case as in the IPPHS [4] could not be attained for
the 35 patients included in the present study.

Exposure to appetite-suppressants

The exposure to appetite suppressants was evaluated
firstly through data extracted from the patients' hospital
records, secondly through a thorough face-to-face inter-
view with the patients and with their matched controls by
specially trained interviewers without any medical back-
ground. The subjects were asked about their medical his-
tory, and exposure to drugs. Drug use was established
firstly by spontaneous reporting by the patient, secondly
by presenting the patient lists of ~80 trade names chosen
from the most commonly prescribed drugs in 17 therapeu-
tic classes, and thirdly by presenting the patient a visual
display showing 35 selected packages, tablets, or both.
Only exposure to anorectic agents was analysed. The fol-
lowing appetite suppressants were considered: 1) fenflu-
ramines (fenfluramine racemate and dexfenfluramine); 2)
other amphetamine-like agents (diethylpropion also called
amfepramone, phentermine, etc.); and 3) compound prep-
arations of appetite suppressants, further called "magistral
preparations". For each patient and their matched controls,
the index date used to assess exposure corresponded to the
date of the onset of symptoms (usually dyspnoea) taken
from the hospital record.

The patients were classified as having been exposed to
a given risk factor if the exposure occurred before the

index date ("definite" exposure). A "possible" exposure
was also retained when it occurred at an indeterminate
time, or when exposure was reported in the hospital chart
but not confirmed by the interview. Patients in whom the
exposure began after the index date were considered as
unexposed. Exposed cases as well as controls were further
divided into "recent users", if the exposure occurred in the
12 months preceding the index date, and "past users", if
the exposure had ended more than 12 months earlier.

Statistical analysis

A bilateral Student's t-test, for equal or unequal vari-
ances as needed [8], was used to compare the exposure in
cases and controls, and the clinical data (presented as
mean±SD) in exposed and nonexposed cases. Survival from
diagnostic catheterization until the end of the follow-up
period (date of most recent information on the patient
ending in March 1996, or transplantation, or death) were
estimated by the Kaplan-Meier method survival curve. Dif-
ferences in mean survival time were tested with the log-
rank test (SPSS statistical package for Windows, version
6; SPSS Inc, Chicago, IL, USA). A p-value < 0.05 was
considered to indicate statistical significance.

Results

Case recruitment

Thirty-five patients were reported as meeting the inclu-
sion criteria of the IPPHS between January 1992 and Sep-
tember 1994 in Belgium. Five patients died before the
interview. Eleven patients were excluded from the IPPHS
as "prevalent" cases. In 8 patients (including 2 of the pati-
ents who died before the interview), the diagnosis of prim-
ary pulmonary hypertension was considered questionable
by the expert IPPHS panel. Accordingly, 13 of the 35
patients reported here were included in the IPPHS.

The 8 cases considered inappropriate by the expert
panel of the IPPHS presented respectively as follows:
1) had a history of rheumatoid arthritis, bi-apical ground
glass appearance on high-resolution computed tomogra-
phy (CT)-scan, but normal lung volumes and typical les-
ions of primary pulmonary hypertension at post mortem
histopathological examination; 2) had a diffusing capacity
for carbon monoxide of 33% of the predicted value, micro-
nodules at high-resolution CT-scan, but a microscopic
aspect suggestive of pulmonary veno-occlusive disease at
open lung biopsy; 3) had a possible atrial septal defect at
echocardiographic examination, but no left-to-right shunt
through Doppler examination, left heart ventriculography,
and staged oximetry; 4) had a probable mixed connective
tissue disease, with speckled anti-nuclear antibodies (1:
320), a positive extractable nuclear antigen (ENA) titre for
anti-ribonucleoprotein, and previous pleural effusion and
an alveolar bleeding; 5) had an isolated 50% decrease in
forced vital capacity (FVC); 6) had a 50% decrease in FVC
and a ground glass aspect on high-resolution CT-scan, but
a normal chest radiograph; 7) had a low probability venti-
lation/perfusion lung scan for pulmonary embolism; and
8) had a transiently high pulmonary artery wedge press-
ure of 31 mmHg, but no altered left ventricular systolic
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function or mitral valve disease at echocardiography, and
attributed to altered left ventricular diastolic compliance
due to extreme right ventricular dilatation after reversal by
fluid restriction and an infusion of dobutamine. It is to be
noted that in the American National Institute of Health
(NIH) Registry of Primary Pulmonary Hypertension, a
high-resolution CT-scan was not required, and an isolated
decrease in FVC, a positive result of anti-nuclear antibody
test or a low probability ventilation/perfusion lung scan
were not considered as exclusion criteria [7]. In fact, all
the 8 cases rejected by the very stringent criteria of the
IPPHS expert panel had a reasonably well established
diagnosis of primary pulmonary hypertension based on
exclusion of all possible secondary causes, clinical evalua-
tion and haemodynamic assessment, and were therefore
included in the present study.

Incidence

The 64 participating centres were repeatedly contacted
to obtain an exhaustive recruitment of the cases in Bel-
gium. This allowed us to calculate an annual incidence of
1.9 cases per million persons (95% confidence interval:
0–8.0): 35 cases were reported over 32 months (from Jan-
uary 1992 to September 1994) for a population of 6.9 mil-
lion persons aged 18–70 yrs.

Exposure to appetite suppressants

Details on exposure to appetite suppressants in patients
and in controls are shown in table 1. According to the hos-
pital charts, 21 of the 35 patients had previously taken ap-
petite suppressants. The interviews (unavailable for the 5
patients who died before the interview and for the latest
included patient) gave a positive exposure to appetite
suppressants in 14 patients. The information found in the

hospital records and the information assessed from the
interview were discrepant in 5 patients. Two patients had a
positive interview and a negative hospital chart. Thus, 23
of the 35 patients had a history of previous intake of appe-
tite suppressants. A total of 85 controls were available for
79% of the interviewed cases. Five of these controls had a
history of previous appetite suppressant intake.

As shown in table 1, most patients were recent users (in
the year before the index date), and had taken appetite
suppressants for >3 months. Appetite suppressants were
most often taken as magistral preparations (which usually
contained fenfluramine, at a dose of 12–80 mg·day-1, and
diethylpropion, at a dose of 20–150 mg·day-1). At least
7 patients had taken a combination of fenfluramine and
diethylpropion, and 2 patients a combination of fenflu-
ramine and phentermine.

There was a history of previous intake of appetite sup-
pressants in the 5 patients who died before the interview,
and in 5 of the 8 patients considered inappropriate by the
panel of experts of the IPPHS.

Clinical data

The clinical characteristics of the present patients with
primary pulmonary hypertension as compared to those of
the global IPPHS [4] and the NIH Registry [7] are shown
in table 2. In the Belgian patients, mean age and haemody-
namic data were similar, the female to male ratio was
higher, dyspnoea at diagnosis was on average somewhat
milder, and the delay between symptoms and catheteriza-
tion tended to be shorter. The median delay between onset
of symptoms and diagnosis was 7 months for the Belgian
patients whereas it was 16 months and 15 months for the
global IPPHS and for the NIH Registry patients, respec-
tively.

A comparison between Belgian patients with or without
previous intake of appetite suppressants is presented in
table 3. The patients with previous intake of appetite
suppressants had a significantly higher body mass index
(BMI). They also tended to have a clinically relevant (but
not statistically significant) more severe form of the dis-
ease as assessed by more patients in the New York Heart
Association (NYHA) classification of dyspnoea class III
and IV at time of the diagnosis, a shorter median delay
between the onset of symptoms and the diagnosis, slightly
lower cardiac output and mixed venous oxygenation, and
higher total pulmonary vascular resistance. No correlation
was found, however, between the duration of the exposure
and the severity of pulmonary hypertension as assessed by
pulmonary artery pressures or total pulmonary vascular
resistance.

Survival

The probability of survival tended to be lower for the
patients with previous intake of appetite suppressants, but
not significantly so. Estimated percentages of patients sur-
viving at 1 and 3 yrs respectively were 72% and 54% for
the exposed cases, and 100% and 78% for the nonexposed
cases.

Twelve of the 35 patients underwent lung transplanta-
tion during the observation period which ended in March

Table 1.  –  Frequency of appetite suppressants exposure
in the patients (n=35) and controls (n=85)

Cases Controls

All exposure
Definite exposure

23 (65.7)
17 (48.6)

5 (5.9)
5 (5.9)

Delay between exposure and  symptoms 
ð1 yr
>1 yr
Unknown

Cumulated duration of use
ð3 months
>3 months

Unknown

11 (31.4)
7 (20.0)
5 (14.3)

        3 (8.6)
12 (34.3)
8 (22.9)

1 (1.2)
4 (4.7)

0

2 (2.4)
1 (1.2)
2 (2.4)

Reported compounds (numbers are not mutually exclusive)
Dexfenfluramine
Fenfluramine
Diethylpropion
Phentermine
Magistral

Pure agents
Dexfenfluramine only
Fenfluramine only

Exposure after index date

6 (17.1)
12 (34.3)
8 (22.9)

        2 (5.7)
13 (37.0)

3 (8.6)
1 (2.9)
3 (8.6)

2 (2.4)
2 (2.4)
1 (1.2)

0
0

2 (2.4)
2 (2.4)
5 (5.9)

Data are presented as number of subjects with percentages in
parentheses.
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1996. Among the remainder, 7 out of 14 exposed patients
(50%) died before the end of observation with a mean
survival of 8±8 months, and 3 out of 9 nonexposed cases
(33%) died with a mean survival of 23±10 months (NS,
p=0.10). Among the 13 patients who were still alive at the
end of observation, only 2 showed an improvement in
symptoms and both of them were nonexposed patients.

Discussion

The present study showed that in the absence of any
restriction to the prescription of appetite suppressants (like
in Belgium until recently) more than half of the patients
with primary pulmonary hypertension present with a his-
tory of previous intake of these drugs. Patients with previ-
ous intake of appetite suppressants appear to be more
severely ill, with a more rapid progression of the disease,
and a reduced survival.

The exposure rate of 66% to appetite suppressants
found in the present study is much higher than in other
series of patients with primary pulmonary hypertension,
such as reported by a French reference centre (20%, n=73)
[3], an English transplantation reference centre (5%, n=
55) [9], the American NIH Registry (5%, n=187) [7] or

the IPPHS (definite and possible use 35%, n=95) [4]. It is
however strikingly similar to the exposure rate of 62%
(n=582 cases recruited from 23 centres) reported during
the epidemic of primary pulmonary hypertension which
occurred with the release of the appetite suppressant drug
aminorex in Austria, the Federal Republic of Germany,
and Switzerland in the late 1960s [2].

Several biases could have led to an overestimation of
the exposure to appetite suppressants in Belgium. Patients
exposed to appetite suppressants would have been prefer-
entially included in the study if they were more likely to:
1) have their disease recognized than other patients (diag-
nostic bias), or 2) be reported because clinicians consid-
ered them as more interesting for the study (reporting
bias). There was indeed a higher exposure in the cases
diagnosed after September 1992, which might be explain-
ed by an increased awareness during the course of the
study about a possible association between appetite sup-
pressants and primary pulmonary hypertension in the par-
ticipating centres. However, an increased exposure may
also have paralleled an increase in appetite suppressant
sales registered in Europe, as attested by the observation
that the 5 exposed controls all corresponded to cases diag-
nosed after September 1992. In addition, it seems unlikely
that the diagnosis would have been accelerated in patients

Table 2.  –  Clinical data of 35 patients compared with those of the International Primary Pulmonary
Hypertension Study (IPPHS) (n=95) and the American National Institute of Health (NIH) Registry
(n=187)

Belgium IPPHS NIH

Age  yrs
Female to male ratio
Initial symptoms  %

Dyspnoea
Angina pectoris
Syncope
Oedema

Severity of dyspnoea at diagnosis %
NYHA class I and II
NYHA class III and IV

Delay between catheterization and symptoms %
ð12 months
13–35 months
Š36 months

Mean pulmonary arterial pressure  mmHg
Cardiac output  L·min-1·m-2

Pulmonary artery wedge pressure  mmHg
Right atrial pressure  mmHg

44±13
3.4:1

89
23
14
12

54
46

66
31
3

53±13
2.2±0.7
10±7
10±8

45±12
2.3:1

91
16
14
9

34
66

37
39
20

57±13
              2.3

9±3
11±6

36±15
1.7:1

60
7

13
3

29
71

-
-
-

60±18
2.3±0.9

8±4
10±6

NYHA: New York Heart Association classification of dyspnoea.

Table 3.  –  Comparison of clinical and haemodynamic data of 35 patients with primary pulmonary hypertension,
exposed (n=23) versus nonexposed (n=12) to appetite suppressants

Exposed Nonexposed p

Age  yrs
BMI
NYHA class III and IV  %
Median delay from onset of symptoms to diagnosis months
Mean pulmonary arterial pressure  mmHg
Cardiac output  L·min-1·m-2

Total pulmonary vascular resistance  dyne·s·cm-5·m2

Pulmonary artery wedge pressure  mmHg
Right atrial pressure mmHg
Mixed venous oxygen saturation  %

44±13
31±6

            61
              7

54±15
2.0±0.7

2457±1451
12±8
12±8
56±15

42±13
25±5

             17
             10

52±9
2.4±0.7

1885±616
7±4
8±5

68±12

NS

0.01
0.01
NS

NS

NS (p=0.2)
NS (p=0.2)
NS (p=0.06)
NS (p=0.2)
NS (p=0.09)

BMI: body mass index; NYHA: New York Heart Association classification of dyspnoea.
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exposed to appetite suppressants. The delay between first
symptoms and diagnosis tended to be lower in exposed
cases, but their disease was also more advanced at the
time of the diagnosis.

Another bias could have been that patients remember
using appetite suppressants more often than controls (re-
call bias). The fact that exposure after the index date was
about the same in controls and cases and that it also paral-
lels the sales figures argues against this possibility. An
underevaluation of the exposure was likely to occur dur-
ing the interviews by interviewers without any medical
background because a medical training is important to
avoid the pitfalls of history-taking and to ask the adequate
guiding questions. There was indeed a discrepancy bet-
ween the objective information's from the medical records
(such as original copies of the prescriptions for appetite
suppressants), and a negative interview in 3 patients. The
index date was reported to be earlier in the interviews than
in the medical records in 13 patients, but this is probably
an effect of repeated questioning. Accordingly, "all expo-
sure" (definite and possible exposure) and the index dates
of the medical records were used for analysis in the pre-
sent study.

The ratio of females to males in the present study was
3.4:1, as compared to 2.3:1 in the IPPHS [4] and 1.7:1 in
the American Registry [7]. The ratio of females to males
was 4.5:1 in a series of patients with primary pulmonary
hypertension during the aminorex epidemic [2]. In the
IPPHS [4], patients exposed to appetite suppressants were
slightly more severely affected at the time of diagno-
sis (89.7 versus 56.6% in NYHA class III and IV), with a
shorter median delay between onset of symptoms and dia-
gnosis (16.8 versus 17.6 months). The Belgian series
shows a similar tendency, also supported by the fact that
all the patients who died before the interview had been
exposed to appetite suppressants. In the aminorex epi-
demic, the duration of symptoms before haemodynamic
investigation was shorter, but the survival globally was
better, with remissions and a median survival of 12 and
4.5 yrs in the exposed and nonexposed cases respectively
[2].

It may be worth noting that only 12 of the 23 patients
with previous intake of appetite suppressants in the pre-
sent study had severe obesity defined as a BMI>30, 2 pati-
ents had a morbid obesity defined as a BMI>40, and only
6 patients had obesity-related systemic hypertension. Fur-
thermore, no patient with previous intake of appetite
suppressants presented with obesity-related diabetes or
hypercholesterolaemia. These data suggest that overpre-
scription may derive from the unrestricted prescription of
appetite suppressants to treat obesity, perhaps because of
the public health campaigns warning about the risks of
excessive weight, and also cultural factors related to the
aesthetics of the female image in advanced industrial
countries.

Most appetite suppressants are structurally-related and
derived from the phenylethylamine molecule [10]. They
all act by increasing the release and decreasing the re-
uptake of serotonin at the presynaptic nerve endings [11],
resulting in a prolongation or enhancement of the appetite
suppressing effects of serotonin. These drugs also induce
a depletion in platelet serotonin together with a rise in
plasma serotonin, with decreasing effectiveness of the

drugs from aminorex to diethylpropion and to phentermine
[12]. It has been hypothesized that serotonin, in associa-
tion with other vasoconstrictor stimuli such as hypoxia,
could trigger the development of pulmonary hypertension
in susceptible patients [13, 14]. An alternative hypothesis
of a direct action of phenylethylamine-derived appetite
suppressants has been proposed, based on the observation
that fenfluramines and aminorex, like hypoxia, inhibit
pot-assium current, and thereby cause membrane depo-
larization and the entry of calcium, initiating vasoconstric-
tion [15].

A recent editorial calculated an "acceptable" bene-
fit:risk ratio (20 lives saved for 1 death) for the treatment
of obesity with dexfenfluramine after the approval of this
drug by the American Food and Drug Administration [5].
The authors extrapolated the results of a 12 month trial of
a large number of obese patients treated with dexfenflu-
ramine, which produced an average weight reduction of
10% (omitting to consider a 7% weight reduction in a pla-
cebo group) [16], to mortality data according to the BMI
derived from the large scale Nurses Health Study [17]
leading to the estimation of 280 deaths prevented per mil-
lion obese persons treated each year. They went on to mul-
tiply the odds ratio for primary pulmonary hypertension
associated with appetite suppressant use for >3 months
reported by the IPPHS, or 23, by a background risk of 1.2
per million persons·yr-1, and by an assumed mortality of
50% for primary pulmonary hypertension, and concluded
that treatment of obesity with appetite suppressants saves
280 lives as compared to 14 deaths by pulmonary hyper-
tension per million persons for each years of treatment
[5]. The present results suggest a higher odds ratio for pul-
monary hypertension associated with anorexigen intake.
In addition, fenfluramine-induced weight loss reverses
when the medication is stopped [18, 19], and the risk of
pulmonary hypertension tends to increase with duration of
treatment [4]. Benefit to risk ratios in terms of mortality
ignore the suffering that patients with primary pulmonary
hypertension have to face, and which is at best only tran-
siently relieved by heart-lung or lung transplantation [1].
No prospective randomized and double-blind study has
demonstrated that appetite suppressants decrease mortal-
ity or morbidity in obese patients.

Very recently, dexfenfluramine, distributed under the
names Redux® by Wyeth Ayers in the USA and Isomer-
ide® by Servier in Europe, and fenfluramine, distributed
under the name Ponderal® by Servier in Europe, have
been precipitously withdrawn from the market by these
pharmaceutical companies after the report of a small ob-
servational study of 24 females with valvular heart disease
associated with fenfluramine combined with phentermine
[20]. Legal restriction to the prescription of fenfluramines
as magistral preparations is currently being considered in
Belgium.
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