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LIMITED INFORMATION IS AVAIL-
able on the natural history of
valvular regurgitation after dis-
continuation of anorexigen

therapy.1-3 The only large, randomized
controlled trial did not show progres-
sion or development of new valvular
regurgitation approximately 1 year after
discontinuationofdexfenfluramine,4 but
only included patients treated for up to
3 months. We previously reported in a
multicenter,prospectivecontrolledstudy
astatisticallysignificant increase inpreva-
lence of echocardiographic aortic regur-
gitation (AR) meeting Food and Drug
Administration (FDA) criteria of mild or
moresevereregurgitationamongpatients
previously treated with dexfenflur-
amine (8.9%) and phentermine/
fenfluramine (13.7%) compared with
untreated controls (4.1%) (P�.001).5

Among patients who took anorexigens
for3monthsor less, therewasnoincrease
in AR prevalence by FDA criteria.

METHODS
Thiswasa1-year follow-upstudyof1466
patients who had an evaluable initial
echocardiogram and clinical assess-
ment.5 At baseline, treated patients had

received at least 30 days of continuous
anorexigen therapy and had not discon-
tinued therapy more than 14months pre-
vipously; untreated controls had not re-
ceived anorexigens for 5 years.

One-year assessment included a
physical examination and an echocar-
diogram. Interim medical and cardio-
vascular histories were obtained from
patient interviews and chart reviews.
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Context Use of anorexigen therapy is associated with valvular abnormalities,
although there is limited information on long-term changes in valvular regurgitation
following discontinuation of these agents.

Objective To evaluate changes in valvular regurgitation, valve morphology, and clini-
cal parameters 1 year after an initial echocardiogram in patients previously treated with
dexfenfluramine or phentermine/fenfluramine and in untreated controls.

Design and Setting A reader-blinded, multicenter, echocardiographic and clinical
1-year follow-up study at 25 outpatient clinical sites.

Patients A total of 1142 obese patients (1466 participated in the initial study) who
had follow-up echocardiogram; all but 4 had a follow-up medical history and physical
examination. Follow-up time from discontinuation of drug to follow-up echocardio-
gram for 371 dexfenfluramine patients was 17.5 months (range, 13-26 months) and
for 340 phentermine/fenfluramine patients was 18.7 months (range, 13-26 months)
after discontinuation of drug therapy.

Main Outcome Measure Change in grade of valvular regurgitation and valve mor-
phology and mobility.

Results Echocardiographic changes in aortic regurgitation were observed in 8 controls
(7[1.7%]haddecreases;1[0.2%]hadan increase);29dexfenfluraminepatients (23[6.4%]
haddecreases;6[1.7%]hadincreases;P�.001vscontrols);and15phentermine/fenfluramine
patients (4.5%alldecreases;P = .03vscontrols).Nostatistically significantdifferenceswere
observed when treated patients were compared with controls for changes in medical his-
tory,physical findings,mitral regurgitation, aorticormitral leafletmobilityor thickness,pul-
monary artery systolic pressure, ejection fraction, valve surgery, or cardiovascular events.

Conclusion Progression of valvular abnormalities is unlikely in patients 1 year after
an initial echocardiogram and 13 to 26 months after discontinuation of dexfenflur-
amine and phentermine/fenfluramine.
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Echocardiograms were performed at 25
clinical sites using a previously de-
scribed protocol.5 Local sonographers
remained blinded to the patients’ his-
tory and treatment group.

Six board-certified cardiologists at 2
central laboratories evaluated paired
echocardiograms for change in valvu-
lar regurgitation, aortic and mitral leaf-
let thickening and mobility, and left
ventricular ejection fraction. Cardiolo-
gist-readers were blinded to patient in-
formation, treatment, and sequence of
echocardiogram acquisition. Initial and
follow-up echocardiograms were elec-
tronically masked and randomized for
side-by-side review in videocassette re-
corders. Cardiologists noted whether
the paired recordings were compa-
rable and, if so, whether there was a dif-
ference of 1 grade or higher. After all
pairs were evaluated, a biostatistician
broke the blind.

Aortic and mitral regurgitation were
evaluated using color Doppler crite-
ria.5-7 For aortic and mitral valve thick-
ness and mobility, the 2 studies were as-
sessed for change. The left ventricular
ejection fraction was assessed for a
change of 1 grade or higher.5 Labora-
tory sonographers measured tricuspid
regurgitation jet velocity using continu-
ous wave Doppler. Pulmonary artery sys-
tolic pressure (PASP) was estimated as
4V2+10 mm Hg, where V equals peak
velocity (meters per second).

For echocardiogram pairs scored as
noncomparable for valvular regurgita-
tion, aortic and mitral leaflet thicken-
ing or mobility, a second blinded read-
ing (n = 187 [16.4 %]) was performed.
Consensus readings were used to arbi-
trate reader disagreement regarding
comparability. A 5% random sample of
tapes (n=64) was recirculated to assess
interreader agreement; a random sample
of 20 echocardiograms was reread to as-
sess intrareader agreement.

Primary end points were change in AR
or mitral regurgitation (MR) grade and
new cardiovascular symptoms and
physical findings. One-way analysis of
variance was used to compare means,
and �2 or Fisher exact test was used to
compare proportions among study

groups. McNemar test for correlated pro-
portions was used to compare within-
group changes. Echocardiographic pa-
rameters judged to be noncomparable
were not included in statistical analy-
ses. McNemar test demonstrated 80%
power to detect a change in any echo-
cardiographic parameter for 300 pairs if
10% of pairs were discordant (ie, showed
a change in grade) and the difference in
proportions was 5%. Percentage exact
agreement and unweighted � coeffi-
cients with asymptotic SEs were calcu-
lated for intrareader and interreader
agreement in assessing change in AR and
MR. All statistical tests were 2-sided and
P�.05 was considered significant.

Multivariate stepwise logistic regres-
sion analyses were used to identify pre-
dictors of change for AR and MR. Inde-
pendent variables tested were treatment
group, demographic variables, change in
weight, time between echocardio-
grams, medication use and change in
medication use, comorbid factors (eg,
diabetes, thyroid disease, previous myo-
cardial infarction, murmur, and hyper-
tension), and changes in comorbidity.

RESULTS
Of 1466 patients, 1142 (371 dexfen-
fluramine, 340 phentermine/fenflur-
amine, 431 controls) completed a 1-year
echocardiogram (±1 month) with simi-
lar characteristics across all 3 groups
(TABLE 1). Time between drug discon-
tinuation and follow-up echocardio-
gram was approximately 1 month
longer in the phentermine/fenflur-
amine group (P�.001). Mean (SD) du-
ration of anorexigen use was 6.1 (3.3)
months in the dexfenfluramine and 11.9
(10.4) months in the phentermine/
fenfluramine group. There were more
patients with hypertension (P�.001) in
the dexfenfluramine group and fewer
patients with diabetes (P=.02) in the
phentermine/fenfluramine group.

The 331 participants in the original
study who did not return for follow-up
were evenly distributed across the 3 treat-
ment groups. Reasons for nonparticipa-
tion included no interest (65 dexfen-
fluramine,55phentermine/fenfluramine,
55 controls), lost to follow-up (9 dexfen-

fluramine, 31 phentermine/fenflur-
amine, 28 controls), and other (33
dexfenfluramine, 28 phentermine/
fenfluramine, 25 controls). One patient
with diabetes in the phentermine/
fenfluramine group, whose initial echo-
cardiogram demonstrated no AR, MR,
leaflet thickening, or mobility restric-
tion reportedly died of a pulmonary em-
bolism during the year. One patient in
the dexfenfluramine group, who was lost
to follow-up and whose initial echocar-
diogramdemonstratedphysiologicalMR,
died of causes unknown to the investi-
gators. Compared with participants, non-
participants were younger (48.2 [11.2]
vs 44.7 [11.6] years; P�.001) but not
heavier (98.7 [23.2] kg vs 101.2 [25.7]
kg; P=.11). There were no significant dif-
ferences in valvular regurgitation on the
initial echocardiogram between partici-
pants and nonparticipants.

Aortic valve recordings were compa-
rable in 1114 pairs (97.6%) of echocar-
diograms. Among untreated controls, AR
increased in 1 (0.2%) and decreased in
7 (1.7%) (P = .07; TABLE 2). In the
dexfenfluramine group, AR increased in
6 (1.7%) and decreased in 23 (6.4%)
(P�.001 vs controls). The AR grade in-
creased from none to trace in 4 pa-
tients; none to mild in one patient; and
trace to mild in another. For the phen-
termine/fenfluramine group, there were
no increases in AR; decreases were ob-
served in 15 patients (4.5%) (P=.03 vs
controls). Within-treatment group
changes were significant only for the
treated groups. Time elapsed between
discontinuation of anorexigen treat-
ment and first echocardiogram was sig-
nificantly shorter among patients with
vs those without a decrease in AR (133.4
[77.8] vs 182.3 [93.2] days; P=.002).

Mitral valve images were comparable
in 1106 echocardiogram pairs (96.8%).
Among untreated controls, MR in-
creased in 9/419 (2.1%), and decreased
in 25/419 (6.0%). In the dexfenflur-
amine group, MR increased in 13/356
(3.7%) and decreased in 31/356 (8.7%)
(P=.14 vs controls). The MR grade in-
creased from none to physiological in 3
patients, physiological to mild in 5, mild
to moderate in 3, and physiological to
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moderate in 2. In the phentermine/
fenfluramine group, MR increased in 10/
331 (3.0%) and decreased in 21/331
(6.3%) (P =.71 vs controls). The MR
grade increased from none to physiologi-
cal in 1 patient, none to mild in 1, physi-
ological to mild in 5, mild to moderate
in 2, and moderate to severe in 1 pa-
tient. Within-group changes were sig-
nificant for dexfenfluramine (P=.01) and
controls (P=.009), but not for phenter-
mine/fenfluramine (P=.07). All changes
in patients initially demonstrating mod-
erate or severe MR (n=50) were de-
creases, except for a 2-grade increase in
1 phentermine/fenfluramine patient with
calcified mitral annulus.

There were no changes in aortic or mi-
tral leaflet mobility or aortic leaflet thick-
ening in any group. Among controls, 1
patient had decreased mitral leaflet thick-
ening and 1 had increased left ventricu-
lar ejection fraction. The PASP was mea-
surable in 150/1142 patients (equally
measurable among the 3 groups). Fol-
low-up mean (SD) PASP (32.8 [5.0];
33.0 [4.5]; 32.5 [5.9] mm Hg) and
changes in PASP (−0.76 [7.2]; 1.05 [7.3];
0.82 [8.1] mm Hg) were not different
among dexfenfluramine, phentermine/
fenfluramine, and control groups, re-
spectively.

Interreader agreement for change in
AR and MR, assessed using 251 read-
ing pairs, was 87.4% (�, 0.63 [0.06])
for AR and 57.1% (�, 0.32 [0.04]) for
MR. Intrareader agreement (n=120)

was 96.5% (�, 0.32 [0.24]) for AR and
86.8% (�, 0.30 [0.13]) for MR.

There were no significant differ-
ences between treated patients and con-
trols in the reporting of new cardiovas-
cular symptoms, physical findings, or
events. There were no cardiac valve sur-
geries. Among patients with changes in
AR or MR, there were no significant dif-
ferences between anorexigen-treated
patients vs controls in the reporting of
new cardiovascular symptoms or

events, or physical findings. For the 6
treated patients and 1 control who had
increased AR, there were no new car-
diovascular symptoms, events, or posi-
tive cardiovascular physical findings
(data not shown). Among patients who
had an increase in MR, pulmonary hy-
pertension and heart failure were not
reported.

In logistic regression models includ-
ing predictors of decreased regurgita-
tion, there were no significant predic-

Table 1. Patient Characteristics*

Characteristic
Dexfenfluramine

(n = 369)
Phentermine/Fenfluramine

(n = 338)
Untreated Controls

(n = 431)

Age, y 49.6 (11.2) [20-76] 48.6 (11.2) [22-81] 48.1 (11.2) [19-81]

Women, No. (%) 261 (70.4) 265 (77.9) 316 (73.3)

White, No. (%) 339 (91.4) 321 (94.4) 380 (88.2)

Weight, kg 106.8 (26.8) [56-225] 99.5 (24.7) [56-206] 98.0 (22.1) [46-173]

Body mass index, kg/m2 37.2 (8.6) [22-74] 35.3 (7.8) [21-79] 34.5 (7.1) [19-58]

Hypertension, No. (%) 190 (51.5) 126 (37.3) 172 (39.9)

Diabetes, No. (%) 64 (17.3) 37 (10.9) 73 (16.9)

Duration of anorexigen therapy, mo 6.1 (3.3) [1-18] 11.9 (10.4) [1-63] NA

Time from discontinuation of drug to follow-up
echocardiogram, mo

17.5 (3.1) [13-26] 18.7 (3.0) [13-26] NA

Time from initial echocardiogram to follow-up
echocardiogram, mo

12.3 (0.8) [11-15] 12.0 (0.7) [11-14] 12.0 (0.6) [10-15]

Time from start of anorexigens to follow-up
echocardiogram, mo

23.6 (4.1) [16-37] 31.0 (10.8) [16-79] NA

*Values are expressed as mean (SD) [range] unless otherwise indicated. NA indicates data not applicable. There were 2 dexfenfluramine and 2 phentermine/fenfluramine patients
who had paired echocardiograms and no clinical assessments (data not included).

Table 2. Change in Aortic and Mitral Valvular Regurgitation by Treatment Group*

Dexfenfluramine Phentermine/Fenfluramine Untreated Controls

Aortic Valve

Evaluable Pairs (n = 357) (n = 334) (n = 423)

Change in grade
2 1 (0.3) 0 0

1 5 (1.4) 0 1 (0.2)

No change 328 (91.9) 319 (95.5) 415 (98.1)

−1 19 (5.3) 15 (4.5) 7 (1.7)

−2 4 (1.1) 0 0

P value
Treated vs controls �.001 .03 NA

Within treated groups .002 �.001 .07

Mitral Valve

Evaluable Pairs (n = 356) (n = 331) (n = 419)

Change in grade
2 2 (0.6) 2 (0.6) 0

1 11 (3.1) 8 (2.4) 9 (2.1)

No change 312 (87.6) 300 (90.6) 385 (91.9)

−1 30 (8.4) 18 (5.4) 24 (5.7)

−2 1 (0.3) 3 (0.9) 1 (0.2)

P value
Treated vs controls .14 .71 NA

Within treated groups .01 .07 .009

*Values are expressed as number (percentage) unless otherwise indicated. NA indicates data not applicable.
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tors of decrease in MR. There were 2
independent predictors of decrease in
AR: treatment status (received anorexi-
gen treatment vs no treatment; ad-
justed odds ratio [AOR], 2.75 [95% con-
fidence interval {CI}, 1.20-6.32]; P=.02),
and initial AR severity using FDA crite-
ria (mild to more severe vs less than mild;
AOR, 6.81 [95% CI, 3.57-12.99];
P�.001). There were no significant
changes in systolic or diastolic blood
pressure between initial and follow-up
visits among or within groups.

COMMENT
These data demonstrate a lack of pro-
gression, and for some patients, a de-
crease in AR grade for those treated with
dexfenfluramine and phentermine/
fenfluramine compared with controls.

Change in AR appears unlikely to be
related to the “regression to the mean”
statistical artifact. For regression to the
mean to exist, similar patterns of change
should be evident in treated and con-
trol groups, associated with a low rate
of specificity for change. Among con-
trols, there were only 8/423 (1.9%)
changes in AR among echocardio-
gram pairs (98.1% specificity). In ad-
dition, reliability was high, with 85.4%
agreement among readers regarding
change. We believe that the high rate
of specificity, absence of a significant
bias in the direction of change among
controls, and randomized and blinded
side-by-side reading protocol make re-
gression to the mean highly unlikely.

Hypertension has been significantly
associated with higher grades of AR,5,8-11

which was also observed in our study.
Unlike previous studies, our study had

power to detect a significant relation-
ship of shorter time elapsed between dis-
continuation of anorexigen treatment
and initial echocardiogram to de-
creased AR between echocardiograms.

Several serial echocardiographic stud-
ies have assessed the natural history of
valvular abnormalities in anorexigen-
treated patients, but 2 had small num-
bers of patients.3,12 A large, longitudi-
nal study reported a significant decrease
in AR (P�.001) among dexfenflur-
amine-treated patients and no change
among controls (mean follow-up of 11
months).4 The current study extends
these findings by including patients who
took anorexigens for more than 3
months (�6.6 years).

This investigation has several limita-
tions. Randomized, prospective treat-
ment studies could not be conducted be-
cause of the abrupt withdrawal of
dexfenfluramine and fenfluramine from
the market. In addition, the dexfenflur-
amine group in our study was older,
heavier, and more likely to have hyper-
tension than other groups. Although
there was potential for enrollment bias—
with 331 patients not returning for fol-
low-up—nonparticipants were evenly
distributed among treatment groups.
There were no statistical differences be-
tween participants and nonparticipants
who demonstrated FDA criteria for AR
and MR on the initial echocardiogram.
Also, PASP was measurable only in
18.7% of participants in this study. This
relatively low percentage is consistent
with a recent report of 17.3% with mea-
surable tricuspid regurgitation jets.10

In summary, there was no evidence
of 1-year progression of MR or AR, with

a statistically significant decrease in AR,
and no changes in other valvular pa-
rameters, or in reports of cardiovascu-
lar events and physical findings, among
treated and untreated groups.
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