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Hereditary angioedema: Safety of long-term
stanozolol therapy

David E. Sloane, MD, Chyh Woei Lee, MD, and Albert L. Sheffer, MD Chestnut Hill, Mass
Background: Attenuated androgens control attacks of

hereditary angioedema. Short-term studies of such patients

treated at our institution with attenuated androgens

demonstrated no adverse effects. However, the side-effect

frequencies in patients receiving long-term treatment are

relatively less well characterized.

Objective: To assess the frequencies of various side effects of

the attenuated androgen stanozolol in a population of

patients with hereditary angioedema treated for 20 to 40

years.

Methods: Data on side effects in patients who continued

stanozolol therapy since 1987 were obtained by means of

questionnaire. Patients were evaluated by physical

examination; biochemical assays of hepatic function, serum

lipids, and prostate specific antigen; and liver ultrasound.

Results: The minimal initial effective dosage of stanozolol

was 0.5 to 2.0 mg daily, although most patients achieved

symptomatic control and decreased the dose and

frequency as the frequency of attacks decreased.

Treatment-related symptoms developed in 10 of 21 patients.

No interruption in stanozolol therapy was required

because symptoms subsided with a reduction in the

stanozolol dosage. Adverse side effects included hirsutism,

weight gain, menstrual irregularities or postmenopausal

bleeding, acne, and mood changes. Liver enzyme assays

revealed no persistent abnormalities. Liver ultrasounds in 8

patients revealed 3 abnormalities deemed unrelated to

therapy. Five patients had a reduced high-density lipoprotein,

and 2 patients had elevated triglycerides.

Conclusion: Stanozolol is a safe and effective drug for the long-

term management of hereditary angioedema.

Clinical implications: Stanozolol may be used in the long-term

treatment of patients with hereditary angioedema provided

such patients are closely supervised with routine clinical,

biochemical, and radiologic assessments. (J Allergy Clin

Immunol 2007;120:654-8.)
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Prophylactic administration of androgens1,2 or anabolic
agents with impeded androgenic effects3-5 clearly prevents
spontaneous as well as soft tissue trauma (dental and sur-
gical)–induced episodes of angioedema in patients with
hereditary angioedema (HAE). Since Spaulding’s1 origi-
nal report of the efficacy of methyltestosterone in HAE,
several anabolic agents with impeded androgenic effect
have been used in the treatment of this disorder.3-5

Biochemical evidence in support of therapy with such
agents includes the partial correction of the decreased
inhibitor to the first complement component (C 1 INH)
serum concentration and reversal of the secondarily de-
pressed C4 serum levels.3 Attenuated androgens probably
enhance hepatic C 1 INH production. Because these drugs
act on the liver, hepatic dysfunction as a result of treatment
is a concern.6-8

With close supervision of patients with HAE treated
with attenuated androgens, the anticipated adverse side
effects such as retarded growth in children, virilization,
hepatic dysfunction, and lipid abnormalities have not been
observed in short-term assessments.8,9 A previous study
determined the lowest and safest dosage, which controlled
the symptoms of patients with HAE by using oxymetho-
lone and then stanozolol.9 The current study retrospec-
tively ascertained the clinical status of patients with
biochemically proven HAE who continued androgen
therapy since our last report9,10 and also evaluated the
frequency of adverse effects of such therapy. Along with
assessment of treatment-related symptoms, biochemical
assays of hepatic function, serum lipids, liver ultrasound,
and prostatic assessment by prostate specific antigen
(PSA) were performed. The patients had been followed
by the investigators for at least 20 and in some instances
for nearly 40 years.10

METHODS

A previous study from this institution documented a decade of

experience with stanozolol in the treatment of 37 patients with

HAE.10 The purpose of the current study was to evaluate those pa-

tients in follow-up, including physical and biochemical assessment,

to define any long-term toxicity of therapy with attenuated androgens.

Of the original group, 2 patients with HAE have died (1 of natural

Abbreviations used
HAE: Hereditary angioedema

PSA: Prostate specific antigen
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TABLE I. Population data for patients with HAE*

C1INH

(functional/nonfunctional)

Medication initiated

Patient no. Sex Current age (y) MT Oxy Stan Years on stanozolol

1 F 57 Functional 1976 1977 29

3 M 73 Functional 1974 1976 1977 29

4 F 61 Functional 1976 1977 29

5 F 48 Functional 1976 1977 29

6 F 55 Functional 1976 1977 29

7 F 48 Functional 1976 1977 29

8 M 72 Nonfunctional 1968 1976 1977 29

9 M 66 Nonfunctional 1973 1976 1977 29

10 F 72 Functional 1968 1977 29

14 M 63 Functional 1976 1977 29

15 M 54 Functional 1976 1977 29

16 F 58 Functional 1977 29

17 F 31 Functional 1983 23

18 F 42 Functional 1979 27

19 M 70 Functional 1976 1977 29

21 M 58 Functional 1967 1976 1977 29

22 F 59 Functional 1976 1977 29

26 F 84 Functional 1977 29

28 F 45 Functional 1977 29

30 F 62 Functional 1977 29

36 M 88 Functional 1976 1977 29

F, Female; M, male.

*Patients with HAE from our institution treated with attenuated androgens participated in the current study on the safety of stanozolol. Patient numbers are not

consecutive because they are carried over from reference 9 and experience summarized in reference 10. Before the initiation of stanozolol (Stan), 5 patients had

been taking methyltestosterone (MT), and 14 had been taking oxymethalone (Oxy).
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causes unrelated to HAE and the other of esophageal carcinoma),

2 brothers were lost to follow-up, and 5 were using a drug other

than stanozolol (danazol). As previously reported, a significant pro-

portion of patients with HAE whose disease is controlled with atten-

uated androgens see a decrement in the frequency and/or severity of

their attacks. In keeping with this, 6 of the 37 patients no longer re-

quired pharmacologic treatment for HAE. The remaining 22 patients

reported on are those who have been treated with stanozolol since

1977. They received a questionnaire approved by the Brigham and

Women’s Hospital Human Study Committee (Table I). Of the 22

reported patients, 2 patients had biochemical documentation of

a nonfunctional C 1 INH, whereas the remaining 20 had subnormal

concentrations of C 1 INH.

The reported population consisted of 9 men and 13 women from

31 to 88 years of age, mean 60.3 years, who without treatment

experienced at least monthly attacks of HAE. Most of the patients had

been asymptomatic for several months to years on stanozolol therapy.

Fifteen patients were followed at the Brigham and Women’s Hospital

Allergy Section every 6 months. The other 7 patients had returned to

their respective primary care physicians or had moved from the area,

but they responded to the study questionnaire. Patients were evalu-

ated by the investigator every 6 months unless abnormalities were

detected on assessment, in which case the patient was asked to return

in a month. The objective was to maintain the patients with HAE

attack-free at a dosage of stanozolol that did not cause hepatic enzyme

elevation. Patients receiving stanozolol (usually at 2 mg per day or

less) had a complete blood count, liver enzyme measurement, lipid

profile, and PSA for men measured every 6 months. Patients

underwent routine breast and prostate examination by their primary

care physician, gynecologist, or urologist. This and all previous

protocols were approved by the Brigham and Women’s Hospital

Committee for the Protection of Human Subjects from Research

Risks. Informed consent was obtained from each participant.
RESULTS

Clinically relevant treatment-related symptoms oc-
curred in 10 patients, but these adverse reactions (symp-
toms) required no interruption in stanozolol therapy and
subsided with a reduction in the dosage of stanozolol
(Table II). The most commonly reported adverse effects
included hirsutism (7 patients), weight gain (3 patients),
menstrual irregularities (oligomenorrhea in 2 patients
and menorrhagia in a third patient) or postmenopausal
bleeding (4 women), acne (3 patients), and mood changes
(2 patients). None of these effects was long-lasting or re-
quired specific treatment. As patients achieved improved
control of their HAE and were able to decrease the dosage
of stanozolol, these symptoms resolved without perma-
nent sequelae. There were 11 patients who experienced
no adverse effects with stanozolol therapy (Table II).

Measurement of liver enzymes (alanine aminotransfer-
ase, aspartate aminotransferase) within the past year re-
vealed no persistent abnormalities (Table III). Hepatic
ultrasound recently has been suggested as an additional
parameter for routine assessment of adverse effects of at-
tenuated androgens involving the liver, because hepatic
function and transaminase levels may be preserved in
some patients with hepatocellular adenoma.11 A recent
HAE consensus report supports this position.12

Therefore, liver ultrasound evaluation was performed after
this recommendation was published. Recent scans in 8
patients revealed 3 with abnormalities. One occurred in
a patient with esophageal carcinoma, but this patient
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TABLE II. Patient-reported side effects of stanozlol*

Patient

no. Sex

Current

stanozolol

dose

Menstrual

cycle

Hair

growth Skin

Weight

gain Psychiatric Voice Other

None

reported

No

survey

1 F 2 mg Q4 d Yes

3 M 1-2 mg QD Yes

4 F 1 mg QOD Yes

5 F PRN Yes

6 F PRN Yes Yes

7 F 2 mg QD Yes

(thinner)

Yes (oily) Loss of

libido

Deeper

8 M PRN Yes

9 M 1-2 mg Q3 d Yes

10 F 2 mg QOD Yes Yes

14 M 1 mg QD Yes

15 M 2 mg 3 2 d,

off for 1 d

Yes Yes ‘‘Short

temper,

anger’’

16 F PRN Yes

17 F 1 mg QD Yes Yes

18 F 1 mg QOD vs

2 mg QOD

Yes Yes

(acne)

19 M PRN Yes

21 M 2 mg QOD Yes

22 F PRN Yes

26 F 2 mg QD Yes

28 F PRN X

30 F PRN Yes

36 M PRN Yes

Total patients Totals 3 7 3 3 2 1 0 10

21 13 21 21 21 21 21 21 21

Men Women

8 13

F, Female; M, male; Q4 d, every 4th day; QD, daily; QOD, every other day; PRN, as necessary; Q3 d, every 3rd day; 2 d, daily for 2 days; 1 d, off the 3rd day.

*Patients with HAE reported the side effects of stanozolol treatment via standardized questionnaire. See text for details. Patient numbers are not consecutive

because they are carried over from reference 9 and experience summarized in reference 10.
subsequently had a normal abdominal computed tomogra-
phy (CT) scan, suggesting that the liver lesion was incon-
sequential. A second patient had fatty infiltration of the
liver, and a third had evidence of slight steatosis without
a mass. A fourth patient had a small hemangioma that
was considered unrelated to therapy.

Lipid profiles demonstrated no patient with either elevated
total cholesterol or low-density lipoprotein (LDL) choles-
terol. There was a reduced high-density lipoprotein (HDL)
in 5 patients and elevated triglycerides in 2. Clinical evidence
of cardiovascular complications was not observed in this
study. An elevated PSA occurred in 1 of the 5 men tested.

Decisions regarding stanozolol dosage were based on
the frequency and severity of a patient’s HAE attacks
according to an empirically successful weaning protocol
(Fig 1). The initial dosage of stanozolol was 2 mg once
daily. At the time of this assessment, 5 patients were on
stanozolol therapy (1-2 mg) daily, 4 were on alternate
day therapy, 3 patients were on less frequent but regular
therapy, and 9 patients were no longer taking stanozolol
regularly after being asymptomatic for at least a 3-month
period. These patients used stanozolol only as needed pre-
operatively or for cutaneous or gastrointestinal attacks (as
necessary). For dental extraction and for other procedures
involving soft tissue trauma and/or general anesthesia,
stanozolol 4 mg was administered every 6 hours for 5
days before to the procedure.10 To break an acute attack,
2 units of fresh frozen plasma were administered (as has
recently been reviewed13), and the patient was told to
take stanozolol 4 mg 3 times daily if it was early in an at-
tack. Thereafter, the 2 mg per day schedule was resumed
and a reduction in dosage schedule attempted according
to the weaning protocol (Fig 1). The severity of the attacks
was clearly reduced while on stanozolol and even after
regular stanozolol therapy was discontinued.10 As noted
previously, the mean concentration for C4 rose when the
patients were receiving a maintenance dosage.9 In some
cases, the C4 reached the normal range, but the C 1 INH
levels did not reach the lower range of normal on mainte-
nance therapy.2

DISCUSSION

The objectives in treating HAE include the amelioration
of acute attacks and the prevention of spontaneous
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TABLE III. Biochemical data*

Hepatic enzymes (U/L) Lipids (mg/dL)

Sex

ALT

(normal 5 7-52)

AST

(normal 5 9-30)

Total cholesterol

(normal 5 140-240)

LDL

(normal 5 50-160)

HDL

(normal 5 35-60)

Triglycerides

(normal 5 40-160)

F 14 18 209 ND ND 176

M 30 30 136 79 21 182

F 29 27 215 159 44 60

F 15 18 146 ND ND 57

F 24 24 191 125 47 96

F 13 16 226 ND ND 133

M ND ND ND ND ND ND

M ND ND ND ND ND ND

F 15 18 109 42 42 127

M 56 28 171 120 25 129

M 25 20 144 89 41 69

F 20 22 178 110.2 59 44

F 29 24 130 76.4 47 33

F 19 39 130 82 31 23

M 29 25 ND ND ND ND

M 30 29 224 155 38 160

F 14 19 191 88 57 126

F 23 19 158 112 22 118

F 8 13 192 ND ND 70

F 15 16 167 ND ND 53

M 16 28 148 97 32 135

No. elevated 1 1 0 0 5 1

19 19 18 13 13 18

F, Female; M, male.

*The most recent laboratory results for the patients with HAE using stanzolol. ND indicates that the test was not done or that no documented results could be

obtained. See text for details. Patient numbers are not consecutive because they are carried over from reference 9 and experience summarized in reference 10.
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episodes as well as attacks induced by soft tissue trauma
(eg, dental extraction or surgery). Several drugs are
currently available for such therapy. These include anti-
fibrinolytic agents (e-amino caproic acid), fresh frozen
plasma, and anabolic steroids (stanozolol, danazol). Other
agents such as a kallikrein inhibitor, a bradykinin 2-
receptor antagonist, recombinant rabbit C 1 INH, and
pasteurized human C 1 INH are being studied and may be
available in the United States in the near future.

The administration of methyltestosterone1,2 and attenu-
ated androgens such as oxymetholone,4 danazol, and
stanozolol5,9,10 reduces the incidence and severity of
spontaneous attacks of HAE. Although the efficacy of
the anabolic steroids in the treatment of HAE is well es-
tablished, the mechanism for this effect remains unclear.
Stanozolol is metabolized in the liver and with its ad-
ministration, there appears to be an enhancement of C
1 INH protein production.9 However, the therapeutic
dose, usually 0.5 to 2 mg daily, is one that reduces the
frequency and intensity of episodic attacks, which sel-
dom achieves correction of the biochemical complement
abnormalities, and therefore it is not necessary to correct
the biochemical abnormality completely. In fact, at-
tempting to do so by increasing the stanozolol dose
may be associated with significant hepatic dysfunc-
tion.8-10 Although stanozolol is no longer marketed, it
is generally easily obtainable through a compounding
pharmacy.
Adverse side effects of these drugs are a concern.
Hepatic toxicity with the use of anabolic steroids with an
impeded androgenic effect is well established.7,11 Peliosis
hepatis is a life-threatening experience caused by the
abuse of such drug therapy.14 In a detailed study in which
liver status was evaluated by hepatic enzyme determina-
tion as well as by technetium scanning and percutaneous
liver biopsy, the use of anabolic steroids in the treatment
of HAE did not cause hepatotoxicity.8 At the minimal ef-
fective dosage of 0.5 to 2 mg stanozolol daily, the mean
maximum values for liver function were within the normal
range. Consistent with our experience, the values for hepa-
tic transaminases were elevated when higher daily dosages
were administered for attacks or preoperative prophylaxis.
Data from the current study suggest that this dose (0.5-2
mg daily) is associated with minimal adverse drug effects
in both the short-term and the long-term. When biochem-
ical clinical abnormalities occurred, there was reversal
with the reduction of stanozolol dosage without persistent
or long-term abnormalities. We were aggressive in mini-
mizing the stanozolol dosage by tapering according to
our protocol, and we acknowledge that danazol therapy
frequently causes some side effects, such as menstrual
irregularities in women with HAE.15

Since 1966, 42 patients at the Brigham and Women’s
Hospital have been administered steroids with impeded
androgenic effect (17-a alkylated anabolic agents). Four
received methyltestosterone and subsequently received,
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FIG 1. Stanozolol tapering protocol. The flowchart details the scheme by which the dosage of stanozolol was

adjusted after the initiation of treatment and the control of symptoms. Patients who remained attack-free were

followed closely and the dosage of stanozolol decreased as indicated (thin black arrows). If at any time a pa-

tient experienced a severe, acute HAE attack, the attack was treated with fresh frozen plasma and the stano-

zolol was increased to 4 mg by mouth every 6-8 hours (bold red arrows) until resolution of the attack.

Thereafter, the tapering protocol was restarted. Milder attacks were managed with temporary increases in

the dose (thin red arrows), and resumption of tapering after control was re-established. QD, daily; Q, every;

PO, by mouth; QOD, every other day; Q3D, every 3rd day.
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with 33 other patients, oxymetholone. All have subse-
quently been administered stanozolol over a period of
nearly 40 years for long-term chronic prophylaxis. Over
this period, we have made 2 important clinical observations
about the use of stanozolol in addition to its efficacy and
safety. First, most patients can achieve symptomatic con-
trol and decrease the dose of stanozolol according to our
weaning protocol, increasing and decreasing the dose as
circumstances dictate. Second, as the frequency of attacks
decreases, most patients with HAE effectively autoregu-
late, adjusting the dosage of stanozolol themselves.

Nevertheless, long-term monitoring of such patients is
essential. At a minimum, patients should be clinically
evaluated every 6 to 12 months, including age-appropriate
cancer screening. In addition, blood studies (lipid profile,
PSA for men, and hepatic transaminases) should be
performed, and patients who continue taking stanozolol
should have an annual ultrasound.

This drug ensures that patients with HAE a convenient,
safe mechanism for self-administration of drug therapy to
control their disease. In some instances, patients are able to
wean themselves from chronic anabolic steroid therapy.

In conclusion, stanozolol is a safe and an effective drug
for the chronic, long-term treatment of patients with HAE,
provided such affected patients are closely supervised with
routine clinical, biochemical, and radiographic assessment.

We acknowledge with gratitude the advice and suggestions

regarding this study and manuscript from K. Frank Austen, MD.
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