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CHRONIC FATIGUE SYNDROME

(CFS) is a relatively com-
mon condition of unclear ori-
gin.1,2 Its clinical features

closely resemble disorders referred to
in past decades as neurasthenia, neu-
romyasthenia, effort syndrome, or my-
algic encephalopathy. As currently de-
fined, CFS is estimated to affect as many
as 400 per 100000 adults.3 It also oc-
curs in children, but valid data on age-
specific prevalence in childhood are not
available. The natural history of CFS has
not been fully elucidated, but the po-
tential for prolonged illness, associ-
ated with substantial impairment of
function, has been emphasized in re-
cent studies.4,5 Various medications are
used in practice for treatment of head-
aches, insomnia, myalgias, or other
symptoms of CFS, but no consistently
effective, readily available, safe, and af-

fordable pharmacologic therapy has
been identified for the disorder as a
whole.

Chronic fatigue has long been rec-
ognized as a symptom of autonomic
nervous system dysfunction.6,7 Recent
work has emphasized an association be-
tween CFS and neurally mediated hy-
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Context Patients with chronic fatigue syndrome (CFS) are more likely than healthy
persons to develop neurally mediated hypotension (NMH) in response to prolonged
orthostatic stress.

Objective To examine the efficacy of fludrocortisone acetate as monotherapy for
adults with both CFS and NMH.

Design Randomized, double-blind, placebo-controlled trial conducted between March
1996 and February 1999.

Setting Two tertiary referral centers in the United States.

Patients One hundred individuals aged 18 to 50 years who satisfied Centers for Dis-
ease Control and Prevention criteria for CFS and had NMH provoked during a 2-stage
tilt-table test. Eighty-three subjects had adequate outcome data to assess efficacy.

Intervention Subjects were randomly assigned to receive fludrocortisone acetate,
titrated to 0.1 mg/d (n=50) or matching placebo (n=50) for 9 weeks, followed by 2
weeks of observation after discontinuation of therapy.

Main Outcome Measure Proportion of subjects in each group with at least a 15-
point improvement on a 100-point global wellness scale.

Results Baseline demographic and illness characteristics between the groups were
similar; CFS had been present for at least 3 years in 71%. Using an intention-to-treat
analysis, 7 subjects (14%) treated with fludrocortisone experienced at least a 15-
point improvement in their wellness scores compared with 5 (10%) among placebo
recipients (P=.76). No differences were observed in several other symptom scores or
in the proportion with normal follow-up tilt test results at the end of the treatment
period.

Conclusions In our study of adults with CFS, fludrocortisone as monotherapy for
NMH was no more efficacious than placebo for amelioration of symptoms. Failure to
identify symptomatic improvement with fludrocortisone does not disprove the hy-
pothesis that NMH could be contributing to some of the symptoms of CFS. Further
studies are needed to determine whether other medications or combination therapy
are more effective in treating orthostatic intolerance in patients with CFS.
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potension (NMH), a disorder in the
regulation of blood pressure under or-
thostatic stress, also known as vasova-
gal hypotension, delayed orthostatic hy-
potension, neurocardiogenic syncope,
or vasodepressor syncope.8-14 Related
forms of chronic orthostatic intoler-
ance have also been described in ado-
lescents and adults with prolonged fa-
tigue or CFS.15-18

Preliminary reports of improve-
ment in CFS symptoms when the hy-
potension is treated led us to hypoth-
esize that the orthostatic intolerance is
a potentially reversible cause of CFS
symptoms.8,9 In this article we report
the results of a large randomized, pla-
cebo-controlled trial conducted at 2
centers, undertaken to assess whether
treatment with fludrocortisone ac-
etate would lead to improvement in
general well-being and in orthostatic
tolerance among those with CFS and
documented NMH.

METHODS
Selection of Subjects

Subjects were eligible for inclusion in
the trial if they were aged 18 to 50 years
and satisfied the 1994 Centers for Dis-
ease Control and Prevention (CDC) cri-
teria for the diagnosis of CFS1 and had
NMH diagnosed during a 2-stage tilt-
table test, as described below. The CDC
criteria for CFS require a careful clini-
cal evaluation to exclude other plau-
sible causes of fatigue and to specify that
otherwise unexplained fatigue must be
present for at least 6 months and must
be associated with 4 or more of the fol-
lowing symptoms: impaired memory or
concentration, sore throat, tender cer-
vical or axillary lymph nodes, muscle
pain, multijoint pain, new headaches,
unrefreshing sleep, and postexer-
tional malaise.1

Individuals were screened for eligi-
bility and managed during the course
of the study by each of the 2 study sites,
the Laboratory for Clinical Investiga-
tion at the National Institute of Al-
lergy and Infectious Disease and the
Johns Hopkins Hospital. Individuals
with CFS were recruited from the reg-
istry of subjects who had participated

in other CFS studies at the National In-
stitutes of Health and through notices
about the study appearing in patient ad-
vocacy publications, local newspa-
pers, and Internet postings. To ensure
that they satisfied criteria for CFS, study
applicants completed a detailed screen-
ing form about their medical history.
The regular physicians of individuals
who met eligibility requirements for the
study were asked to confirm that there
were no other plausible causes of fa-
tigue on physical examination or on
blood testing performed within the pre-
ceding 6 months, as well as to affirm
that the person was likely to be able to
tolerate the study procedures. Those
who passed this level of screening were
scheduled for tilt-table testing. In the
2 weeks before testing, subjects com-
pleted a Beck Depression Inventory on
2 occasions.

All subjects had to have at least mod-
erate severity of illness as determined by
a score of 65 or less on a unidimen-
sional global wellness scale at the time
of submission of the screening applica-
tion.19 This global wellness scale asks in-
dividuals to rate how they feel on a scale
of 0 to 100, with 0 representing dying,
and 100 representing feeling as good as
one could imagine. All participants were
able to walk without assistance.

Subjects were excluded if they had a
history of conditions that could be ex-
acerbated by fludrocortisone or by tilt-
table testing, including hypertension, is-
chemic heart disease, structural heart
disease (except mitral valve prolapse),
documented significant dysrhythmia,
known intolerance of fludrocortisone,
serum creatinine levels higher than 106
µmol/L, diabetes, peripheral neuropa-
thy, hepatic disease, or glaucoma. Indi-
viduals were also excluded if they had
ever taken fludrocortisone acetate at a
dosage of at least 0.1 mg/d for 2 or more
weeks, or if in the 2 weeks before entry
they had taken the following drugs
known or suspected to interfere with the
results of tilt-table testing: tricyclic an-
tidepressants in doses higher than the
equivalent of 25 mg/d of amitriptyline
hydrochloride, trazodone hydrochlo-
ride, serotonin reuptake inhibitors, ac-

etazolamide sodium or other diuretics,
oral mineralocorticoids or glucocorti-
coids, other drugs used in the treat-
ment of NMH (eg, b-receptor antago-
nists, disopyramide phosphate, calcium
channel antagonists, methylphenidate
hydrochloride, dextroamphetamine, mi-
dodrine hydrochloride, theophylline,
ephedrine), systemic antifungal azoles,
sumatriptan succinate, or drugs with un-
certain effects on blood pressure used by
some physicians in patients with CFS,
such as Kutapressin (a liver extract),
coenzyme Q10, niacin, and cyanoco-
balamin injections. Individuals were
excluded if they were enrolled concur-
rently in another CFS therapy study, if
they had depression or other psychiat-
ric diagnoses requiring therapy, or if they
actively abused illicit drugs or alcohol.
The study protocol was approved by the
institutional review boards of the 2 par-
ticipating centers. All subjects gave writ-
ten informed consent.

Study Design
Eligible subjects with NMH were strati-
fied by study center and by disease dura-
tion (,3 vs $3 years), then randomly
assigned to receive fludrocortisone or
placebo. The study pharmacy gener-
ated the randomization sequence from
a table of random numbers. Treatment
began approximately 2 weeks after the
screening tilt-table test. Each gelatin
capsule of fludrocortisone acetate con-
tained 0.025 mg of the study medica-
tion and a methylcellulose filler. The
starting dosage was 1 capsule of 0.025
mg/d for a week, then increased to 2 cap-
sules of 0.05 mg/d for a week, and finally
increased to 4 capsules of 0.025 mg/d
for the remaining 7 weeks of treat-
ment, a dosage associated with good
clinical effect in our open treatment
experience (P.C.R. and H.C., unpub-
lished data, 1995). The placebo cap-
sules contained methylcellulose only;
the number of capsules per day was
increased in an identical sequence. Sub-
jects were advised to drink at least 2 L
of fluid per day but were asked not to
change their usual sodium chloride
intake during the study. Because fludro-
cortisone increases urinary potassium
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excretion,bothgroupsalso received tab-
lets of potassium chloride, 10 mEq/d,
from the onset of treatment. If adverse
effects emerged, subjects were in-
structed by study nurses to reduce the
dosage to the most recently tolerated
amount. In the ninth week, while still
taking the study medication, subjects
underwent repeat tilt-table testing. Sub-
jects were followed up for 2 weeks after
discontinuation of study drug, follow-
ing completion of the 9-week treat-
ment period.

Measures of Outcome
The following self-rating instruments
were used to assess subjects’ physical
and emotional symptoms and level of
function: the wellness score, a valid and
reliable single-item scale used in other
studies of CFS, which has been shown
to correlate well with other widely used
self-rating instruments,9 and to be sen-
sitive to clinical improvement in CFS
patients9,19,20; the Medical Outcomes
Study 36-Item Short Form Health Sur-
vey (SF-36), which examines physical
functioning, role limitations because of
physical health, bodily pain, social func-
tioning, general mental health, role limi-
tations because of emotional prob-
lems, vitality, and general health
perceptions21; the Beck Depression
Inventory, a self-administered scale of
depression22; the Wood Mental Fa-
tigue Inventory, a disease-specific ques-
tionnaire, which asks subjects to rate
9 mental fatigue symptoms, in which
higher scores indicate worse cognitive
difficulty23; the Profile of Mood States
questionnaire, a standardized instru-
ment for the quantitative measure-
ment of anger, anxiety, confusion, de-
pression, fatigue, and vigor24; and the
Duke Activity Status Index.25 Subjects
completed the wellness score each day
from 2 weeks before the tilt test until
the end of the study, and they com-
pleted the other measures at 2 weeks
and 1 week before the initial tilt-table
test, then at weeks 1, 4, 8, and 11 of the
study. Adverse effects from the study
drug were rated by the subjects at weeks
1 through 4, 6, and 8. Subjects were
contacted by the study nurses at weeks

2, 4, and 6 to review each subject’s
progress through the trial.

Blinding and Compliance
Subjects were not informed of the study
drug assignment until after the final trial
data had been analyzed. Clinical inves-
tigators remained unaware of the treat-
ment group assignment during the
analysis phase until after the grouped
study results had been examined, at
which point the treatment code was re-
vealed. Personnel supervising the fol-
low-up tilt-table tests were unaware of
the treatment group assignments and
of the reported wellness scores. The lat-
ter were mailed directly to the data cen-
ter by the subjects, who were asked dur-
ing week 7 of treatment to state which
study drug they thought they were re-
ceiving. Subjects were judged to be
compliant with study medication if they
recorded taking at least 50% of the rec-
ommended study dose every week from
week 3 onward.

Sample Size Determination
The primary study outcome measure
was the proportion of subjects with a
15-point improvement in mean daily
wellness scores. The pretreatment pe-
riod wellness score—the mean score in
the 7 days before the tilt test—was com-
pared with the mean daily score from
the start of week 5 of treatment until 3
days before the second tilt test. The lat-
ter period was thought most likely to
represent the period of maximal thera-
peutic effect. Any subject with at least
7 days of wellness data after the start
of week 5 was considered to have pro-
vided adequate data for assessing the
outcome of the intervention.

From data generated using the well-
ness score during a trial of low-dose hy-
drocortisone for CFS,20 we estimated
that no more than 10% of placebo re-
cipients would experience a 15-point
improvement in the wellness score over
the period of the trial, and that a 15-
point improvement was clinically
meaningful to subjects with CFS. From
pilot data using fludrocortisone in those
with CFS and NMH, we estimated a
35% improvement in the treatment arm.

Assuming a drop-out rate of 14% and
a power of 0.8, with an a level of .05
for a 2-sided test, we estimated a need
for 50 subjects per group.

Statistical Analysis
Independent samples t tests or Mann-
Whitney U tests were used to com-
pare continuous data between groups,
and x2 or Fisher exact tests were used
to compare categorical data. An O’Brien-
Fleming group sequential procedure
with 1 interim examination of the data
was used to evaluate treatment effi-
cacy, with the overall significance es-
tablished at .05. For all other compari-
sons, a P value of .01 was established
to protect against type I errors due to
multiple comparisons. All data entry
and analysis were conducted at the
EMMES Corp, a statistical analysis and
data management company based in
Potomac, Md. At 2 points during the
trial, the safety of study procedures was
reviewed by a data safety and monitor-
ing board. At these intervals, the treat-
ment groups were identified only by a
coded variable. At the second interval,
after outcome data were available from
65 subjects, the board and study stat-
isticians examined efficacy, but study
investigators remained blinded.

Tilt Testing Protocol
All tilt-table tests were performed at the
Johns Hopkins Hospital. Subjects were
transported from the hospital en-
trance to the tilt laboratory by wheel-
chair to reduce differences between sub-
jects in physical exertion immediately
before the test. A peripheral intrave-
nous catheter was inserted after local
infiltration of the venipuncture site with
buffered lidocaine, and fluids were ad-
ministered at 10 mL/h to allow isopro-
terenol hydrochloride infusion in stage
2 if needed. The tilt-table test was per-
formed in the morning after a mini-
mum of 4 hours of fasting, in a room
with a controlled temperature of 22°C.

Each subject was positioned supine
on the tilt table, loosely restrained by
safety straps, with a footboard for
weight bearing, and remained supine
for 15 minutes before the tilt test be-
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gan. During the test, visual stimula-
tion and other conversation were kept
to a minimum, and subjects were asked
to remain motionless. Blood pressure
was measured using an automated
blood pressure cuff with the arm rest-
ing at the subject’s side. Heart rate was
monitored continuously.

Stage 1 of the test involved upright
tilt to 70° for up to 45 minutes. Blood
pressure, heart rate, heart rhythm, and
symptoms were recorded every 5 min-
utes while supine, 1 minute after up-
right tilt, and every 5 minutes thereaf-
ter. When symptoms became severe,
when heart rate dropped, or when heart
rhythm changed, blood pressure was re-
corded each minute. If stage 1 of the test
was tolerated and hypotension was not
provoked, the subject was returned to
the supine position and received by in-
fusion 2 µg/min of isoproterenol hy-
drochloride for 10 minutes. The table
was then brought to the upright 70° po-
sition for a maximum of 15 minutes
more (stage 2). The test was termi-
nated at the request of the subject, if the
heart rate exceeded 180/min for 2 min-
utes despite reduction in the rate of iso-
proterenol infusion to 1 µg/min, or if
hypotension or syncope occurred. Af-
ter the tilt test, all subjects received at
least 1 L of normal saline solution in-
travenously for 30 to 60 minutes.

The baseline heart rate and blood
pressure values for the tilt test were the
mean of the 10- and 15-minute supine
readings. Neurally mediated hypoten-
sion was defined as a 25-mm Hg reduc-
tion in systolic blood pressure from the
baseline supine values, sustained for at
least 1 minute, with no associated in-
crease in heart rate, and accompanied
by symptoms of presyncope. Presyn-
cope was defined by the presence of
premonitory symptoms and signs of im-
minent syncope such as severe weak-
ness, lightheadedness, nausea, or dia-
phoresis.26 It was not necessary for
syncope to occur for the test to be con-
sidered abnormal. For analytic pur-
poses, when no blood pressure read-
ing could be obtained at the time of
syncope, the blood pressure was re-
corded as 40/0 mm Hg. Postural tachy-

cardia syndrome was defined as the oc-
currence of orthostatic symptoms in
association with either a 30/min in-
crease in heart rate from baseline within
10 minutes of being tilted upright, sus-
tained for 1 minute or more or a heart
rate of higher than 120/min in the same
period.27,28 The tilt test was not stopped
if the subject developed postural tachy-
cardia syndrome; as a result, subjects
could be classified as having NMH, pos-
tural tachycardia syndrome, or both.

RESULTS
Subject Enrollment

As illustrated in FIGURE 1, of the 754
applications received, 583 did not un-
dergo tilt-table testing for the follow-
ing reasons: 86 were accepted for the
study but either were not interested in
enrolling or were unavailable, 32 were
outside the age criteria for the study,
52 did not meet criteria for CFS, 68 had
wellness scores higher than 65, 58 had
medical and 38 had psychiatric ill-
nesses that excluded them from par-
ticipation, 162 were excluded on the ba-
sis of their past or current medications
(selective serotonin-reuptake inhibi-
tors in 90, fludrocortisone for at least
2 weeks in 26, b-adrenergic antago-
nists in 9, and other excluded medica-
tions in 37); for 65 subjects the screen-
ing forms were incomplete, and 22 were
ineligible due to other causes.

Of those who passed the prelimi-
nary screening, 171 underwent tilt-
table testing between March 1996 and
February 1999. One hundred six (62%)
had NMH provoked during tilt test-
ing, 39 of whom (37%) also met crite-
ria for postural tachycardia syndrome.
An additional 7 subjects (4%) met cri-
teria for postural tachycardia syn-
drome in the absence of hypotension.
Six subjects with NMH were judged in-
eligible at the time of tilt testing, 1 be-
cause the mean wellness score in the 2
weeks immediately before tilt testing
was 90, 2 because of psychiatric exclu-
sions that became evident at the time
of testing, 2 because they had started
new medications between the time of
screening application and tilt testing,
and 1 because of the development of an

unrelated medical illness. This left 100
subjects for enrollment. Sixty-seven of
the enrolled subjects had developed
NMH in stage 1 of the tilt test.

Overall, 21 subjects withdrew from
the study prematurely (8 placebo, 13
fludrocortisone). However, wellness
scores for 4 of these subjects (3 pla-
cebo, 1 fludrocortisone) were available
for at least 7 days of the final 4 weeks of
the treatment period. This left 83 sub-
jects with adequate wellness scores for
evaluation of efficacy (45 placebo, 38
fludrocortisone). One subject in each
group withdrew early due to the devel-
opment of hypertension, and 1 in each
group withdrew early due to unwilling-
ness to comply further with study pro-
cedures. One patient in the placebo
group developed panic symptoms and
tachycardia, 1 had increased fatigue, 1
stopped taking the study medication af-
ter the first dose because of severe light-

Figure 1. Subject Flow Through the Trial

754 Subjects Screened

583 Ineligible or Withdrew

171 Underwent Tilt-Table Test

50 Received Placebo 50 Received
Fludrocortisone Acetate

5 Withdrew Before
Week 5

12 Withdrew Before
Week 5

3 Withdrew Between
Weeks 5 Through 8

1 Withdrew Between
Weeks 5 Through 8

41 Completed Second 
Tilt-Table Test

33 Completed Second 
Tilt-Table Test

45 Had Adequate
Outcome Data to
Assess Efficacy∗

38 Had Adequate
Outcome Data to
Assess Efficacy∗

1 Completed Medication
Trial but Did Not 
Undergo Second 
Tilt-Table Test

4 Completed Medication
Trial but Did Not 
Undergo Second 
Tilt-Table Test

100 Randomized

71 Ineligible
6 Had Abnormal

Tilt-Table Test
65 Had Normal

Tilt-Table Test

*Those with wellness scores for at least 7 days of the
final 4 weeks of the treatment period were consid-
ered as having adequate outcome data.
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headedness, fatigue, and diaphoresis,
and 3 further placebo recipients with-
drew early because they were unim-
proved. In the fludrocortisone group, 4
additional subjects developed depres-
sion that had resolved within days of dis-
continuing the medication, 1 had worse
headaches, and 2 developed new ab-

dominal discomfort. Of the 4 remain-
ing subjects who withdrew from the
fludrocortisone group, 1 had an unre-
lated medical illness that warranted with-
drawal, 1 was randomized but later
found to have a major depression and
did not receive medication, and 2 had
worsening symptoms.

Demographic and clinical variables
were similar between groups at entry
(TABLE 1 and TABLE 2), except for a
higher score on the physical function
subscale of the SF-36 for those in the
fludrocortisone arm. There were no
clinically important differences in base-
line characteristics between the 32 sub-
jects enrolled at the National Insti-
tutes of Health and the 68 enrolled at
the Johns Hopkins site.

Primary Outcomes
Using an intention-to-treat analysis,
there was no significant difference in the
proportion of subjects with at least a 15-
point improvement in wellness scores
over the course of the study (Table 2);
this degree of improvement was evi-
dent in only 14% of subjects in the
fludrocortisone group compared with
10% of those in the placebo group. The

Table 1. Baseline Demographic Characteristics of Randomized Participants by Treatment*

Characteristic
Placebo
(n = 50)

Fludrocortisone Acetate
(n = 50)

P
Value

Age, mean (SD), y 37.3 (9.3) 36.2 (7.4) .50

Age $30 y 82 76 .62

Weight, mean (SD), kg 69.5 (16.4) 68.4 (10.7) .72

White 96 100 .50

Women 66 66 ..99

Currently working 53 56 .84

On disability 8 20 .08

Duration of CFS, mean (SD), y 6.0 (4.9) 6.9 (6.4) .40

Duration of CFS $3 y 72 70 .83

*CFS indicates chronic fatigue syndrome. Data are presented as percentages unless otherwise indicated.

Table 2. Outcome Measures at Baseline and on Treatment*

Outcome

Placebo
(n = 50)

Fludrocortisone Acetate
(n = 50) P Value

Baseline
Receiving
Treatment Baseline

Receiving
Treatment Baseline

Receiving
Treatment

Primary Outcomes

Wellness score 40.7 (16.3) 43.1 (17.6)† 46.8 (16.0) 50.4 (18.2)‡ .06 .07
Score improvement, No. (%)

5 Points . . . 17 (34) . . . 14 (28) . . . .52
10 Points . . . 6 (12) . . . 9 (18) . . . .58
15 Points . . . 5 (10) . . . 7 (14) . . . .76
20 Points . . . 3 (6) . . . 5 (10) . . . .72

Secondary Outcomes

Wood Mental Fatigue Inventory 18.3 (8.2) 13.3 (9.6) 16.3 (9.7) 14.1 (10.9) .28 .73
Beck Depression Inventory 15.0 (5.5) 10.8 (6.8) 14.7 (8.2) 10.4 (7.2) .82 .82
POMS vigor subscale 6.7 (4.3) 8.6 (6.7) 7.9 (4.7) 8.8 (6.1) .20 .91
POMS fatigue subscale 21.3 (4.6) 16.4 (7.9) 19.6 (5.1) 16.2 (7.3) .08 .93
SF-36 physical function 45.1 (22.7) 51.4 (27.8) 54.8 (22.5) 58.9 (21.9) .04 .18
SF-36 mental health 66.3 (16.3) 69.8 (16.3) 63.7 (18.1) 68.6 (19.1) .45 .75
Duke Activity Status Index 5.0 (6.2) 6.7 (7.3) 7.8 (9.3) 9.2 (10.6) .09 .23

Tilt-Table Test Outcomes

Heart rate, beats/min 69.8 (9.8) 69.3 (9.2) 70.7 (8.4) 69.0 (8.8) .64 .90
Systolic blood pressure, mm Hg 117.7 (13.1) 113.7 (10.0) 115.8 (11.9) 117.5 (9.6) .46 .11
Diastolic blood pressure, mm Hg 75.0 (7.2) 73.4 (7.4) 72.4 (6.7) 73.3 (6.6) .06 .93
NMH in stage 1, No. 33 17 34 20 .83 .16
NMH in stage 2, No. 17 14 16 6 . . . . . .
Normal in both stages, No. . . . 9 . . . 4 . . . . . .
Refused stage 2, No. . . . 1 . . . 3 . . . . . .
No follow-up tilt, No. . . . 1 . . . 5 . . . . . .

*POMS indicates Profile of Mood States; SF-36, Medical Outcomes Study 36-Item Short Form Health Survey; NMH, neurally mediated hypotension; and ellipses, not applicable.
Data are presented as mean (SD) unless otherwise indicated. P values are for comparisons between the placebo and treatment groups at baseline and then during treatment.

†Number of participants is 45.
‡Number of participants is 38.
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distribution of wellness scores at base-
line approached statistical significance
(mean [SD], 46.8 [16.0] in the fludro-
cortisone group vs 40.7 [16.3] in the pla-
cebo group, P=.06). However, the mean
(SD) change in wellness scores from the
pretreatment to the treatment periods
was not significant: 3.8 (11.5) for the
fludrocortisone group vs 2.7 (10.0) for
the placebo group (P=.71).

As shown in FIGURE 2, changes in
wellness scores between pretreatment
and treatment periods varied consider-
ably for the entire study population, and
the changes were not related either to
treatment assignment or to the pretreat-
ment wellness score. There was no dif-
ference between rates of 15-point im-
provement in the wellness scores in
those whose CFS had been present less
than 3 years (4/15 improved in the
fludrocortisone group vs 0/14 in the pla-
cebo group) or who were younger than
30 years (3/12 improved in the fludro-
cortisone group vs 0/9 in the placebo
group), but the study had inadequate sta-
tistical power to detect true differences
between these subgroups. Among those
who tolerated and were compliant with
the study medications, 7 (21.2%) of 33
subjects in the fludrocortisone group ex-
perienced at least a 15-point improve-
ment in the wellness score compared
with 5 (11.6%) of 43 in the placebo
group (P= .41). Similarly, no differ-
ences were noted among those who re-
ceived the full dose of the study medi-
cation (4 capsules per day) for the
duration of the trial.

Secondary Outcomes
No differences were noted between
groups in any of the other self-rating in-
strument scores during the treatment pe-
riod. The baseline wellness score corre-
lated well (r.0.3) with the Profile of
Mood States vigor subscale, the SF-36
physical function subscale, the Wood
Mental Fatigue Inventory, and the Pro-
file of Mood States fatigue subscale at
baseline, moderately well with the Duke
Activity Status Index (r=0.25) and the
Beck Depression Inventory (r=−0.28),
but not at all with the mental health com-
ponent of the SF-36 (r=−0.01). No dif-

ferences in supine blood pressure were
noted between groups at baseline or at
the time of repeat tilt-table testing in the
ninth week of treatment. For those who
had an abnormal stage 1 tilt-table test re-
sult, the mean (SD) change in wellness
score from baseline was 5.8 (13.4) in the
fludrocortisone group vs 5.9 (9.5) in the
placebo group.

In the 2 weeks following discontinu-
ation of the study drug after week 9 of
treatment, the mean (SD) wellness score
in the fludrocortisone group decreased
by 5.1 (6.5) compared with a reduc-
tion of only 1.0 (5.6) in the placebo
group (P=.005). The degree of change
in the 2 weeks off treatment was simi-
lar between groups for those who had
experienced at least a 15-point improve-
ment in the wellness score over the
course of the study: 10.9 (8.1) vs 10.7
(8.0), respectively.

Adverse Events
No serious adverse events occurred dur-
ing tilt-table testing. During the treat-
ment phase, no subject had an impor-
tant adverse effect that lasted long after
discontinuation of the study medica-
tion. Specifically, no subject had a
change in systolic blood pressure of
more than 40 mm Hg on treatment, al-
though 1 subject in the placebo group
developed moderate hypertension
(162/94 mm Hg). Only 1 subject in the
placebo group gained more than 5 kg
during the study. Overall, mean (SD)
weight increased 1.2 (1.6) kg in the pla-
cebo group compared with 1.1 (1.6) kg
in the fludrocortisone group. No sub-
ject developed depression requiring an-
tidepressant medication during the
treatment period. At least 1 adverse ef-
fect was reported during the study by
71% of placebo and 61% of fludrocor-
tisone recipients (data not shown).

The study groups did not differ with
regard to serum potassium levels be-
tween baseline and the time of the sec-
ond tilt test, but the mean (SD) serum
sodium concentration was higher dur-
ing treatment in those receiving fludro-
cortisone (141.9 [2.0] vs 140.3 [2.3]
mEq/L; P=.003). The study nurses re-
duced the study drug dosage below 0.1

mg/d for 12 placebo subjects and 10
fludrocortisone subjects due to sus-
pected medication intolerance, sug-
gesting that subjects were truly un-
aware of their treatment assignment
early in the study. When asked at the
7-week point of therapy which inter-
vention they thought they were receiv-
ing, the correct treatment assignment
was identified by 42%, whereas 49%
identified the incorrect one.

COMMENT
The results of this randomized, double-
blind, placebo-controlled trial indi-
cate that fludrocortisone is not effica-
cious when used alone for the treatment
of NMH in adults with CFS. Only 14%
of those randomly assigned to receive
fludrocortisone reported a clinically
meaningful improvement in their gen-
eral sense of well-being, not signifi-
cantly different from the 10% rate in the
placebo arm. The study had an 81%
power to detect a 25% higher rate of 15-
point improvement in wellness scores

Figure 2. Change in Global Wellness Score
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Data compare during-treatment scores with the pre-
treatment baseline scores. The treatment period well-
ness score was the mean of the daily wellness scores
from the start of week 5 of treatment until 3 days be-
fore the follow-up table-tilt test. Data also include 1
subject in the placebo group who had 6 days of well-
ness data but who did not meet the criteria for inclu-
sion in the analysis outcomes. The dotted line indi-
cates a 15-point improvement in mean daily wellness
score, the magnitude of change considered to be clini-
cally meaningful.
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in the fludrocortisone group; a study
with an 80% power to detect a 15%
higher rate of 15-point improvement
would have required a study size of ap-
proximately 200 subjects. There was no
evidence of a beneficial effect for fludro-
cortisone among those who were fully
compliant with the study medication,
or if the analysis considered less mean-
ingful changes in wellness scores.

Our results are similar to those ob-
tained by Peterson and colleagues.29 In
their crossover trial, CFS patients who
were assumed but not proved to have
NMH received either placebo or 0.1 to
0.2 mg/d of fludrocortisone acetate for
6weeks;20of25enrolledsubjects com-
pleted both arms of the trial. No signifi-
cant improvementswerenoted insymp-
tom scores, the SF-36 scale, or physi-
ologic measurements. Two other recent
randomized trials have shown that in-
dividuals with CFS experience a mod-
est clinical improvementafter treatment
withhydrocortisone,20,30 whichhascom-
bined glucocorticoid and mineralocor-
ticoideffects.Although it ispossible that
the improvements noted in these trials
could be attributed to the mineralocor-
ticoideffectofhydrocortisone,ourstudy
and that of Peterson and colleagues pro-
vide little support for this view.

This study was designed to address
whether NMH has a pathophysiologic
role in the genesis of CFS symptoms. We
reasoned that if NMH were a cause of
CFS symptoms, then adequate therapy
of the orthostatic intolerance would
cause a global improvement in well-
being. Because fludrocortisone did not
provide adequate treatment of the NMH
in persons with CFS, as measured by the
response to repeated tilt-table testing, it
provided an inadequate test of the hy-
pothesis that NMH is a cause of some
CFS symptoms. Since this study was de-
signed, no pharmacological agents had
been defined in randomized controlled
trials as effective treatments for NMH.
We chose to study fludrocortisone be-
cause it had been used for several de-
cades in patients with orthostatic hypo-
tension,31,32 and on the basis of several
case series in patients with syncope or
CFS,9,33,34 as well as one comparative trial

suggesting its utility in younger pa-
tients with recurrent neurally mediated
syncope.35 Since this trial began, how-
ever, at least 4 randomized placebo-
controlled trials have been conducted
among patients with recurrent syncope
due to NMH. These studies identified
atenolol,36 enalapril,37 midodrine,38 and
paroxetine hydrochloride39as effica-
cious. Given the overlap in tilt test re-
sponses between those with recurrent
syncope and those with CFS, further in-
vestigation of these medications is war-
ranted to determine whether they will
improve both the orthostatic tolerance
and quality of life of those with CFS.

Several aspects of the study methods
deserve further comment. The treat-
ment of NMH usually begins with an
adequate salt and fluid intake, avoid-
ance of provocative stimuli such as pro-
longed standing and warm environ-
ments, as well as adoption of physical
maneuvers to improve venous return to
the heart.40-43 All study subjects were
advised to drink 2 L of fluid per day. We
elected not to teach physical maneuvers
or to recommend an increased intake of
sodium chloride because any beneficial
effect that accrued as a result in the pla-
cebogroupwouldhave reduced the like-
lihood of detecting a therapeutic benefit
from the active study medication. It
remains to be seen whether fludrocor-
tisone will prove useful in combination
witheitheran increased intakeof sodium
chloride or other therapies directed at
NMH, but we elected not to study com-
binationtherapybecauseof the increased
risk that treatment group assignment
would be more obvious to study sub-
jects. For similar reasons, we chose to
keep the study dose of fludrocortisone
acetate at 0.1 mg/d, which had appeared
adequate in our open treatment experi-
ence, althoughdosagesof0.1 to0.4mg/d
are often recommended. A limitation of
the study was that compliance was mea-
sured by self-report and that we did not
include a pill count or measure fludro-
cortisone directly to assess compliance.

Other studies of individuals with CFS
have reported a low rate of spontane-
ous improvement among those with a
longer duration of prestudy illness.5 In

our study, 71% of subjects had been ill
for 3 years or more, similar to the dura-
tion of illness of subjects in other CFS
treatment trials. It is possible that 1 or
more associated illness characteristics
make this group more refractory to medi-
cal therapy. Subjects with CFS for less
than 3 years in our study were evenly dis-
tributed between the fludrocortisone and
placebo groups. Nonetheless, because of
the limited number of subjects in this
subgroup, we were unable to exclude
true improvements due to fludrocorti-
sone. A small but nonsignificant differ-
ence was also present between fludro-
cortisone and placebo for the subgroup
of subjects younger than 30 years, sug-
gesting that these groups warrant in-
creased attention in future studies of
medications for those with CFS.

The reported prevalence of NMH in
other studies has varied somewhat, be-
tween 22% and 96%, depending on the
age of the patients, the form of ortho-
static stress, its duration, the period of
pretest fasting, the environmental con-
ditions at the time of the test, and con-
current dietary or medical treatments.
In the 7 studies published thus far in
which CFS patients and healthy con-
trols were studied using the same tilt test
protocol, 6 have identified a higher
prevalence of hypotension among those
with CFS.9,11,14,17,44-46 Our study screened
a much larger group of subjects with CFS
than have been included in previous
studies. Although we cannot exclude a
bias in self-referral of subjects with or-
thostatic symptoms, 66% of study sub-
jects with CFS developed NMH, pos-
tural tachycardia syndrome, or both in
response to a 2-stage tilt test. Although
our trial focused on treatment, the patho-
physiology of orthostatic intolerance
among patients with CFS deserves fur-
ther attention in future studies.
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