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Clinical aspects of allergic disease

Decreased adrenal sex steroid levels in the
absence of glucocorticoid suppression in
postmenopausal asthmatic women
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Hillman Hum, MD, Ronald Negrich, MD, Jonathan Herbst,
Dana Greenberg, and David R. Pieper, PhD Southfield, Mich.

Background and aim: Reduction of serum sex steroid levels has been reported to occur after the
administration of B-adrenergic medication. In that B-adrenergic blockade is a ceniral
pathophysiologic feature of asthima, this study was done to explore the possibility of hormonal

alteration in asthma.

Methods: Sex steroids obtained from 22 postmenopausal asthmatic and 22 age-matched,
postimenopausal, nonasthmatic women were assayed. No subject had received estrogens,
progestins, or oral corticosteroids for 120 days before the study.

Results: Mean dehydroepiandrosterone sulfate (DHEAS; p < 0.002), dehydroepiandrosterone

(DHEA; p < 0.03), estradiol (p < 0.02), and estrone (p < 0.02) levels were lower in asthmatic
patients compared with nonasthmatic subjects. Results could not be accounted for by current
medication. Patients with asthma demonstrated no decrease in 17-hydroxyprogesterone or- cortisol
compared with nonasthmatic subjects, limiting findings to the A°, and not the A*, steroidogenic
pathway. In a second phase of the study, DHEAS was measured before and after 3 days of oral
B-agonist stimulation in eight postmenopausal asthmatic women. Serurn. DHEAS concentration
increased in eight of eight subjects, from a mean of 28.6 = 19.9 ug/dl (mean = SD) to 40.7 *
24.8 pg/dl (p = 0.002). Serum cortisol concentration was unchanged.

Conclusion: The results indicate that postmenopausal asthmatic women have lower serum
levels of adrenally derived sex steroids than their nonasthmatic peers and that this anomaly

may be ameliorated by adrenergic stimulation. (J ALLERGY CLIN IMMUNOL, 1996;97:1-8.)
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Decreased sex steroid levels have been reported
in subjects taking B-adrenergic blocking medica-
tion.*** This study was undertaken to explore the
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possibility of hormonal alteration in patients with
asthma, in whom B-adrenergic responsiveness is
blunted.’

Dunn et al.® have reported a decrease in dehy-
droepiandrosterone sulfate (DHEAS) levels in
40% of patients hospitalized for treatment of
asthma. Although DHEAS was initially studied as
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Abbreviations used
CV: Coecfficient of variation

DHEA: Dehydroepiandrosterone
DHEAS: Dehydroepiandrosterone sulfate
IL: Interleukin
RIA: Radioimmunoassay

a parameter of therapeutically induced adrenocor-

tical suppression, many subjects lacked a history of
corticosteroid use. In a later study, 44% of asth-
matic patients with low DHEAS levels were found
to have normal cortisol increments after ACTH
stimulation, reflecting differing control mecha-
nisms for cortisol and DHEAS.? Similarly, Feher
et al.® reported low serum levels and low urinary
excretion of dehydroepiandrosterone (DHEA)
and DHEAS in female patients with nonsteroid-
dependent asthma.

In the first phase of the study, serum sex steroids
obtained from postmenopausal asthmatic and non-
asthmatic women were assayed and compared. In
the second phase of this study, the effect of B-ad-
renergic stimulation on sex steroid levels in post-
menopausal asthmatic women was assessed.

METHODS

In the initial phase of the study, subjects were 22
postmenopausal asthmatic women and 22 postmeno-
pausal nonasthmatic women. History of cough, episodic
shortness of breath, wheezing, excess bronchial mucus
production, and documented improvement in peak ex-
piratory flow rate or forced expiratory volume in 1
second of greater than 20% after the use of a broncho-
dilator constituted criteria for asthma. Nonasthmatic
subjects denied history of chronic or recurrent cough,
shortness of breath, excess sputum production, or
wheezing. No subject was receiving or had received
estrogen, progestins, or corticosteroids within 120 days
before the study. Blood was drawn between the hours of
8:00 and 10:00 aM and immediately frozen.

In the second phase of the study, eight postmeno-
pausal women known to have low sex steroid levels, were
selected. No subject had received oral or subcutaneous
B-agonist medication, estrogen, progestins, or cortico-
steroids within 120 days before the study. History of
hypertension, cardiovascular disease, or adverse effects
related to adrenergic medications were criteria for ex-
clusion from this phase of the study. Subjects were
instructed to maintain their current medication regimen
during the study period, with the exception of inhaled
adrenergic agents, which were to be used as needed,
rather than regularly. Blood was drawn for DHEAS and
cortisol assays between the hours of 8:00 and 10:00 am
on the day before and on the morning after the last
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dose of oral, sustained-release albuterol (4.0 mg two
times a day for 3 days) was administered and was
immediately frozen. All study protocols were reviewed
by the Providence Hospital Institutional Review
Board, and all subjects entered the study after giving
informed consent.

DHEA-SO,, 17-hydroxyprogesterone, total testoster-
one, and cortisol levels were measured with solid-phase
iodine 125 radioimmunoassay (RIA) kits (Diagnostic
Products Corporation, Los Angeles, Calif.). The DHEA-
SO, RIA was reported to have a 0.56% cross-reactivity
with estrone-SO, and 0.30% cross-reactivity with andro-
sterone-SO,. The 17-hydroxyprogesterone RIA was re-
ported to have a 3.5% cross-reactivity with progesterone
and 1.5% cross-reactivity with 11-deoxycortisol. The
testosterone RIA was reported to have a 3.3% cross-
reactivity with dehydrotestosterone and 0.5% cross-
reactivity with androstenedione. Minimal detectable lev-
els were 5.0 pg/dl for DHEAS, 0.1 ng/ml for 17-OH
progesterone, 0.1 ng/ml for testosterone, and 0.5 pg/dl
for cortisol.

Estradiol was measured with a double-antibody assay
from Diagnostic Products Corporation. The estradiol
RIA was reported to have a 12.5% cross-reactivity with
estrone and a 0.235% cross-reactivity with estriol. The
lowest detectable level for estradiol was 2.5 pg/ml.

Estrone was measured with a double-antibody RIA
from Pantex (Santa Monica, Calif.), with standards of
1.25 to 640 pg/ml. All measured levels were above the
lowest standard. Estrone was reported to have a 0.28%
cross-reactivity with estradiol and 0.0068% cross-reactiv-
ity with estriol.

DHEA was measured with a double-antibody RIA
from Diagnostic Systems Laboratories (Webster, Texas).
DHEA was reported to have a 0.020% cross-reactivity
with DHEAS and less than 1% cross-reactivity with
other sex steroids. The lowest detectable level for
DHEA was 0.10 ng/ml.

All samples were run in duplicate and in one assay for
each hormone analyzed. Samples before and after B-ag-
onist stimulation were run in a single assay. The coeffi-
cient of variation (CV) between duplicate samples was
less than 5%. Diagnostic Products CON6 Immunoassay
Tri-level Control levels 4, 5, and 6 were run with each
assay. Their values were within 2 standard deviations of
the expected means. The 0 standard was interspersed
within each assay in order to determine the intraassay
CV (CV = SD -+ mean). Intraassay CVs were: 1.9% for
DHEA-SO,, 4.5% for 17-OH progesterone, 1.6% for
total testosterone, 1.4% for estradiol, 3.7% for estrone,
3.1% for DHEA, and 2.8% for cortisol.

Results are expressed as means == SD, unless other-
wise noted. Data were analyzed by Student’s ¢ test, and
in the second phase of the study, by paired ¢ test.
Estradiol levels below the lowest detectable value of 2.5
pg/ml were estimated to be 2.5 pg/ml for purposes of
statistical assessment. Correlation between measured
sex steroid levels and each subject’s age was performed
by regression analysis.
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FIG. 1. Serum sex steroid concentration in 22 postmenopausal asthmatic women and 22
postmenopausal nonasthmatic women (mean ®= SEM). n.s., Not significant.

TABLE |. Sex steroid levels in 22 asthmatic and 22 nonasthmatic postmenopausal women

3

Subjects

Asthmatic Nonasthmatic t p Value
DHEAS (ug/dl) 56.1 +43.0 108.0 £ 59.2 3.33 <0.002
DHEA (ng/dl) 1.93 = 1.01 2.69 = 1.16 2.31 <0.03
17 Hydroxyprogesterone (ng/ml) 0.50 = 0.32 0.54 = 0.38 0.38 NS
Testosterone (ng/ml) 0.16 = 0.08 0.21 + 0.09 1.95 NS
Estradiol* (pg/ml) 44 +32 11.7 =127 2.62 <0.02
Estrone (pg/ml) 21.54 £ 6.45 348 =228 2.63 <0.02

Values are expressed as means = SD,
NS, Not significant.

*Calculated by estimating nondetectable values as 2.5 pg/ml (lower level of detectability).

RESULTS
Age

The mean age of 22 asthmatic subjects was 67.8 =
7.7 years, and the mean age of 22 nonasthmatic
control subjects was 64.5 = 8.2 years (p = (.17).
No correlations between age and any of the mea-
sured sex steroid levels were found by regression
analysis, in the entire study group, in patients with
asthma, or in nonasthmatic subjects.

Sex steroid levels

Subjects’ sex steroid data are presented in Table
T and Figs. 1 and 2. Mean DHEAS levels were 56.1
% 43.0 pg/dl in asthmatic subjects and 108.0- % 59.2
pg/dl in nonasthmatic subjects (p < 0.002); Mean
DHEA levels were 1.93 = 1.01 ng/ml in asthmatic
subjects and 2.69 = 1.16 ng/ml in nonasthmatic
subjects (p < 0.03). Mean estradiol levels were
4.48 = 3.2 pg/ml in asthmatic subjects and 11.7 =
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FIG. 2. General scheme of steroid synthesis indicating position of assayed steroids.

12.7 pg/ml in nonasthmatic subjects (p < 0.02).
Mean estrone levels were 21.54 + 6.54 pg/ml in
asthmatic subjects and 34.8 = 22.8 pg/ml in non-
asthmatic subjects (p < 0.02). Mean testosterone
levels were 0.16 = 0.08 ng/ml in asthmatic subjects
and 0.21 = 0.09 ng/ml in nonasthmatic subjects
(t = 1.95, p = 0.06, approaching but not reaching
significance). Mean 17-hydroxyprogesterone levels
were 0.50 = 0.32 ng/ml in asthmatic subjects and
0.54 = 0.38 ng/ml in nonasthmatic subjects (p =
NS).

Cortisol assay

Mean serum cortisol concentrations were
15.01 = 4.32 pg/dl in asthmatic subjects and
17.40 x 5.06 pg/dl in nonasthmatic subjects (p =
NS).

Effect of medications on sex steroid levels

Eighteen of 22 asthmatic subjects required med-
ication (consisting of theophylline, inhaled B-ago-
nist, and/or inhaled corticosteroid) at the time of
study (Table II). DHEAS levels were significantly
decreased in asthmatic subjects, regardless of
whether they were using any single therapeutic
agent, compared with nonasthmatic subjects.
Mean DHEAS concentration was 544 = 46.3
pg/dlin 11 patients with asthma who were using all
three medications, which was significantly de-

creased compared with nonasthmatic subjects and
similar to the mean concentration of 55.0 * 61.1
wg/dl found in the small group of four subjects who
were using no medication. 17-Hydroxyprogester-
one levels were similar in all groups: asthmatic,
nonasthmatic, and asthmatic receiving medication,
and asthmatic not receiving medication. Estradiol,
estrone, DHEA, and testosterone levels were sig-
nificantly lower in asthmatic patients receiving
medication, comprising larger groups, compared
with nonasthmatic subjects. Statistical differences
in sex hormones other than DHEAS were not
found when smaller groups of patients with asthma
not receiving medication were compared with non-
asthmatic subjects. Testosterone and estradiol con-
centrations were numerically, but not statistically,
higher; and estrone values were numerically simi-
lar when patients with asthma not taking medica-
tion were compared with those taking an individual
medication or all three medications.

Response to adrenergic agonist treatment

Mean age of eight asthmatic women studied was
65.1 = 9.9 years. Levels of serum DHEAS in-
creased in eight of eight subjects after 3 days of
oral albuterol administration (Table III). Mean
DHEAS concentration was 28.58 * 19.86 pg/dl
before and 40.68 + 24.83 ng/dl after oral albuterol
administration (p = 0.002). Mean cortisol concen-
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TABLE il. Effect of medication on serum sex steroid concentration in 22 postmenopausal

asthmatic women

17-Hydroxy-
No. of DHEAS DHEA progesterone Testosterone Estradiol Estrone
Asthma Medication subjects (rg/dh (ng/mi) {ng/mi} {ng/mi) {pg/ml) {pg/mi)
No 22 108.0 £59.2 2,69 £ 1.16 054 038 021 £0.09 11,7+ 12.7 34.8 =228
Yes  Theophylline 15 60.1 431 196116 052+038 014x007 42x21 208x71
p <0015 p <002 p<0:05 p<0.05
Yes  No theophylline 7 474 £ 448 1.88 =064 047013 021009 42x53 231=x50
p =0.02
Yes Inhaled B- 16 564 2422 194+ 112 050=x035 015+0.07 40x20 216=6.5
agonist p<001 p<005 p <0.03 p<005 p<005
Yes No B-agonist 6 554492 195070 0522025 019x011 56=x58 214=+68
p = 0.05
Yes Inhaled 13 51.7+430 1.73 =083 051038 015+007 37=x=16 206=*6.2
corticosteroid p<0002 p<002 p <003 p<005 p<005
Yes No inhaled 9 624 +447 223 120 049020 019x009 5547 229=x69
corticosteroid p <0.05
Yes  All medications® 11 544+ 463 175091 052+042 015008 3223 20267
p<0015 p<0.05 p =005 p<005 p<0.05
Yes No medication 4 550 %611 214+ 075 048 =018 024=*=010 58=6.7 246=*6.0

All values are expressed as means = SD, and p values are versus nonasthmatic subjects.

*Theophylline, inhaled B-agonist, and inhaled corticosteroid.

tration was 15.0 * 5.0 pg/dl before and 15.39 =
4.65 pg/dl after oral albuterol administration (p =
NS).

DISCUSSION

This investigation followed a pilot study in which
we assayed serum DHEAS, estradiol, and 17-OH
progesterone obtained from 31 asthmatic women,
both premenopausal and postmenopausal, and
compared their values with those of 28 female
nonasthmatic control subjects. DHEAS was found
to be significantly lower, estradiol frequently un-
detectable, and 17-OH progesterone values simi-
lar, in postmenopausal asthmatic women com-
pared with postmenopausal nonasthmatic women
(Weinstein et al. Unpublished data). Hormonal
differences between premenopausal asthmatic and
nonasthmatic women were not as clearly dissimilar
as differences in postmenopausal women in our
pilot. study, possibly because of wider age range,
cyclic variations in hormonal levels, or ovarian
hormonal contribution in premenopausal subjects,
the latter being diminished in menopause.®® A
postmenopausal cohort was therefore chosen for
this study, both in an attempt to substantiate our
findings and in consideration of the potential clin-
ical importance of diminished estrogen levels in
this population.

The results of this study concordantly demon-
strate a decrease in serum DHEAS levels in post-

TABLE ill. Serum DHEAS before and after
oral albuterol administration

DHEAS {pg/dl)

Before After
Subject administration administration
A M. 47.6 60.2
J. R 256 32.2
M. R. 244 343
B. W. 39.2 65.5
L.R. 62.9 79.9
R. A, 11 18,7
C.R. 7.7 10.6
L. W. 10.2 24

Mean* 28.6 £19.9 40,7 £ 24.8

Four milligrams of oral, sustained-release albuterol was admin-
istered twice daily for 3 days.
*p = 0.002.

menopausal asthmatic women compared with post-
menopausal nonasthmatic women (p < 0.002).
DHEAS levels were decreased regardless of med-
ication or lack thereof. DHEA levels were also
lower in asthmatic subjects compared with non-
asthmatic subjects (p < 0.03). The circulating
half-life of DHEA is relatively short, and serum
levels are contingent upon interconversion with
DHEAS.'" The finding of decreased DHEA is
therefore corroborative of decreased DHEAS in
patients with asthma.



6 Weinstein et al.

In contrast to lower values for DHEAS and
DHEA in asthmatic compared with nonasthmatic
subjects, values for 17-OH progesterone and cortisol,
representative of steroidal synthesis via the A* path-
way and the pathway for corticosteroid production,
were similar in asthmatic and nonasthmatic subjects.
The absence of a decrease in both 17-OH progester-
one and serum cortisol in asthmatic versus nonasth-
matic subjects argues against corticosteroid-induced
adrenal-pituitary suppression as an explanation for
lowered DHEAS and DHEA levels in the patients
with asthma studied.

The lower assay limit for estradiol was 2.5 pg/ml.
Proportionately more patients with asthma (8 of
22) than nonasthmatic subjects (2 of 22) had levels
below this limit. Estradiol was diminished in asth-
matic subjects as determined by estimating unde-
tectable values at the lower assay limit (p < 0.02).
All estrone levels fell within the assay range, and
mean estrone concentration was lower in patients
with asthma (p < 0.02), corroborative of decreased
estradiol. All but four asthmatic subjects required
at least one medication at the time of study, and
groups of unmedicated asthmatic subjects were
consequently small. Both estradiol and estrone
levels were found to be decreased in groups of
medicated asthmatic subjects compared with non-
asthmatic subjects. Although statistical significance
was not achieved compared with nonasthmatic
subjects, values for estrogens in the smaller groups
of unmedicated asthmatic subjects were numeri-
cally similar to values for the larger groups of medi-
cated asthmatic subjects and uniformly lower than
those for nonasthmatic control groups. The reduced
estrogen levels found in postmenopausal asthmatic
women are likely secondary to reduction of adrenal
DHEA-DHEAS substrate, the major precursor for
postmenopausal sex steroid production.’® Testoster-
one was found to be marginally decreased in asth-
matic subjects; the lack of correlation is likely related
to ovarian testosterone production, which is known
to persist after menopause.’

Although DHEA and DHEAS are major secre-
tory products of the adrenal gland, information
regarding their concentrations, regulation, and
functional significance in health and discase has
only recently been accumulating and is incomplete.
TLow levels have been postulated as predictive of
decreased life expectancy and death caused by
cardiovascular disease!? and have been considered
as a concomitant of chronic illness, infection, and
stress.!® Decreased DHEAS and elevated cortisol
levels have been reported in fetally distressed
infants by Parker et al.™* and in term infants with
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respiratory acidosis by Harlan et al.'® A similar
divergence of adrenocortical response has been
found in subjects with syphilis and in patients with
burns.16 17

Interleukins appear to play a role in the regula-
tion of sex steroid levels, as well as glucocorticoids,
and merit attention as an explanation of our
findings in patients with asthma. Interleukin
(IL)-1, T1-2, 116, and tumor necrosis factor-o. are
known to stimulate adrenocorticotropic hormone
and glucocorticoid output.’® ! IL-1 also causes
diminished gonadotropin and sex steroid secre-
tion.'’® Reflecting the mechanistic complexity of
these interactions, IL-1 reportedly inhibits lutein-
izing hormone-induced androgen release but stim-
ulates basal androgen release in cultured rat Ley-
dig cells.*® Tumor necrosis factor-a is reported to
differentially modulate estrogen and progester-
one production in human granulosa cells®' and
inhibit adrenocorticotropic hormone-induced cot-
tisol production in cultured fetal adrenal cells.??
Inhibition, by transforming growth factor-B, of
basal and adrenocorticotropic hormone-stimu-
lated DHEAS and cortisol production, with
greater inhibition of DHEAS, has been- demon-
strated in vitro in human fetal adrenal cells.>2*

Of many possible explanations for decreased sex
steroid levels in asthma, anomalous sympathetic
control of adrenal androgen production deserves
consideration and is supported by our finding of a
42% increase in mean serum DHEAS in patients
with asthma after a course of albuterol. -Adren-
ergic blockade is a central pathophysiologic mech-
anism in asthma,® and analogously, decreased sex
hormone levels have been associated with B-adren-
ergic blocking medications.!* Significant decreases
in follicle-stimulating hormone, luteinizing -hor-
mone, testosterone, and estradiol have been re-
ported in men with hypertension, 2 and 24 weeks
after they began receiving atenolol.! Total and free
testosterone levels were decreased in normal male
volunteers who were given each of four B-blockers
for 1-week periods,? and follicle-stimulating hor-
mone, prolactin, and testosterone levels dimin-
ished after a single dose of acebutolol or propanolol.
Catecholamines are known to exert a regulatory
influence on secretion of many hormones,? and
B,-adrenergic recognition sites that regulate ovar-
ian?¢ and testicular?” androgen secretion have been
identified.

An immunomodulatory role has been purported
for DHEA. Low levels have been associated with
rheumatoid arthritis?® 2° but not osteoarthritis.>°
In animal models, administration of DHEA or
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DHEAS has been shown to prevent autoimmune
hemolytic anemia3! and tumor development** and
to inhibit antibody formation and development of
lupus.?®* DHEAS reportedly enhances the synthesis
of IL-2 by helper T cells,* inhibits natural killer
cell differentiation,® and inhibits production of
tumor necrosis factor and toxicity secondary to
endotoxin administration in mice.*® Levels of
DHEA and DHEAS decrease with age,?” and the
dysregulation of both lymphokine and antibody
production associated with immune senescence
have been reported to be ameliorated by
DHEA.3%:3% Of particular interest with regard to
osteoporosis, the elevation of IL-6 associated with
aging can be reversed with DHEAS supplementa-
tion in rats.* IL-6 has been shown to enhance
osteoclast development and bone resorption, and
its elevation in oophorectomized mice can be
reversed with estradiol.*® The development of os-
teoporosis is of particular concern in patients with
asthma, in whom “corticosteroids and immobility
have been traditionally considered major risk fac-
tors, Our findings suggest that postmenopausal
asthmatic women may be at particularly increased
risk because of diminution of both DHEAS and
estrogen levels.

Determination of sex steroid levels in similar
and other asthmatic populations, including pre-
menopausal asthmatic women, is warranted to
confirm and extend our findings and to relate them
not only to the pathophysiology of asthma but also
possibly to the development of allergy. -Antago-
nists taken by nonatopic women during pregnancy
have been reported to result in elevated cord blood
IgE and a high incidence of allergy in offspring.
In that maternal adrenal androgens provide a signif-
icant proportion of precursor for estrogen synthesis
by the fetoplacental unit,** B-antagonists may influ-
ence the fetal immune system. through' alteration of
its hormonal milieu during development.

We thank Katherine Karo for technical assistance.
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