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PURPOSE: Estrogens inhibit adrenomedullary catecholamine
release and catecholamine-mediated responses to stress. We examined whether estrogen supplementation reduces the sympathoadrenal response to mental stress in postmenopausal
women.
MATERIALS AND METHODS: We compared the effects of
3-week treatment with transdermal 17-beta-estradiol and placebo in 10 postmenopausal women using a randomized,
blinded, crossover design. We measured plasma catecholamine
levels and the cardiovascular and metabolic responses to a 15minute stress with mental arithmetic. Treatments were compared using repeated measures analysis of variance.
RESULTS: During placebo treatment, mean (⫾ SD) epinephrine levels reached a peak of 431 ⫾ 135 pmol/liter after 15 minutes of stress; the epinephrine response was blunted during es-

tradiol treatment, with a peak of 357 ⫾ 77 pmol/liter (P ⬍0.05).
Estradiol also blunted the diastolic blood pressure response to
stress (baseline levels of 78 ⫾ 15 mm Hg vs peak of 90 ⫾ 6 mm
Hg during placebo; baseline of 80 ⫾ 8 mm Hg vs peak of 84 ⫾ 6
mm Hg during estradiol; P ⬍0.05). Estradiol treatment also
blunted the decrease in the standard deviation of the mean of
the electrocardiographic RR intervals and the increase in the
ratio between the low-frequency and high-frequency bandwidths.
CONCLUSION: We observed a moderate, although significant, reduction in markers of the stress response to mental
arithmetic in postmenopausal women treated with transdermal
17-beta-estradiol. Am J Med. 2000;109:463– 468. 䉷2000 by
Excerpta Medica, Inc.

S

pausal estrogen therapy (13,14), a randomized trial
found that estrogens were not effective for the secondary
prevention of coronary heart disease in postmenopausal
women (15). Moreover, interim results from the Women’s Health Initiative, a primary prevention trial, have
suggested a potential increase in the risk of heart disease
during postmenopausal estrogen therapy (16). Therefore, although estrogens have beneficial effects on serum
lipid levels and endothelial and vasomotor function
(17,18), the overall effects of postmenopausal hormonal
replacement therapy are uncertain.
One unsolved question is whether estrogens affect the
cardiovascular system by decreasing the sympathoadrenal
response to acute stress. Investigators have reported that estrogens reduce both basal and stress-induced sympathetic
tone (19,20), but others have reported no effects on cardiovascular responses to stress (21,22). Different regimens, including dose, duration, and route of administration, of estrogen were used in these studies. Therefore, we studied the
effects of 17-beta-estradiol, administered transdermally for
3 weeks, on plasma catecholamine levels and the cardiovascular and metabolic responses to a mental stress challenge in
postmenopausal women.

ex hormones affect the activity of the sympathoadrenal system. The catecholamine responses to various stimuli, such as physical exercise (1,2), hypoglycemia (3), and mental stress (1), are lower in women than
in men. There is a reduction in the stress-induced catecholamine response in men after estrogen administration
(4). Estrogens reduce catecholamine release from adrenomedullary cells (5) and affect the enzymatic pathways
regulating catecholamine synthesis and degradation
(6,7). They may also modulate the activity of both alphaand beta-adrenoreceptors (8 –10).
The menopause-related decline in circulating levels of
estrogens is associated with an increased cardiovascular
risk (11), and postmenopausal women have a greater cardiovascular response to certain stressful stimuli than do
premenopausal women (12). However, although observational studies have reported a significant decrease in
cardiovascular events in women who use postmeno-
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MATERIAL AND METHODS
The study was performed in 10 postmenopausal women,
who had a mean age of 53.9 ⫾ 1.1 years, a mean body
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mass index of 25.2 ⫾ 1.3 kg/m2, and few or no vasomotor
symptoms. All women had undergone natural (nonsurgical) menopause. Menopausal status was confirmed (serum levels of follicle-stimulating hormone greater than
40 mU/mL and estradiol less than 60 pmol/liter). All subjects were nonsmokers, had normal serum lipid levels,
and had no history of cardiovascular disease. They had a
low caffeine intake and took no medications. None had
ever used estrogen replacement therapy. All of the subjects answered the Kellner Symptom Questionnaire (23),
the Paykel Life Events Scale (24), and the Spielberg StateTrait Anxiety Inventory (25); those with identified psychological problems or who had experienced stressful life
events in the previous 6 months were excluded. Subjects
gave their informed consent to participate in the study.
The protocol was approved by the Ethics Committee of
the University of Parma.

Design
Subjects were treated with 17-beta-estradiol or placebo
for 3 weeks, according to a randomized, double-blind,
crossover design with a 3-week wash-out between the two
treatments; 6 women were randomly assigned to receive
estrogen as the first treatment. Both treatments were administered by skin patches (Rotta Research, Milan, Italy),
which were renewed every 3 days. The release of 17-betaestradiol was 50 g per day. At the end of each treatment,
the subjects underwent a mental stress test.

Mental Stress Test
In preliminary sessions, the subjects were familiarized
with the serial subtraction test and the digit span test.
Both sessions of mental stress were performed in the
morning between 9 and 10 AM. The subjects ate a light
breakfast at least 2 hours before the experiment, avoiding
substances known to affect the sympathoadrenal system.
They were seated in a comfortable chair in a quiet testing
chamber. A 19-gauge intravenous catheter was placed in
a superficial vein of the hand; the hand and the distal
forearm were then placed in a box heated at a constant
temperature of 55⬚ C to obtain arterialized venous blood
samples. The catheter was kept patent with a slow infusion of 0.9% saline. A cuff for automatic recording of
blood pressure (A&D International, Ltd., Tokyo, Japan)
was placed in the arm contralateral to the one used for
blood sampling. In addition, continuous automatic electrocardiographic (ECG) monitoring was performed using a three-channel amplitude modulated tape recorder
(Cardio Corder; Del Mar Avionics, Irvine, California).
The stress test was divided into three consecutive parts: an
initial 30-minute period of resting, a 15-minute mental
stress, and a final 15-minute recovery period in resting
conditions. During the last 15 minutes of the initial rest
period, two (⫺15 and 0 minute) blood samples were collected, and systolic and diastolic blood pressures were
recorded.
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The 15-minute mental stress was divided into three
5-minute periods, each consisting of two different tasks: a
4-minute serial subtraction test and a 1-minute digit span
test. The serial subtraction test required subjects to subtract 17 from a four-digit number. The digit span test
required subjects to remember numbers in the correct
sequence forward during the first and the third periods,
and backward during the second period of the stress challenge. The length of the items was varied to make the
difficulty of the task unpredictable. The numbers used
were the same as those in the Digit Span Test of the Wechsler Adult Intelligent Scale (26). The subjects performed
the tests as fast as possible and were accompanied by a
metronome; they were not allowed to use paper or pencil
during the procedure. If they made a mistake, they were
asked to start again from the beginning. Blood samples
were collected during the mental stress at 5, 10, and 15
minutes from the beginning of the challenge. At each
sample time, systolic and diastolic blood pressures were
recorded.
At the end of the stress challenge, subjects were left in
resting conditions for 15 minutes, after which a blood
sample was collected and blood pressure was recorded;
soon after, the continuous automatic ECG monitoring
was stopped. The subjects rated the overall difficulty of
the tests using a five-point scale (with 1 indicating easy
and 5 indicating very hard). To assess the level of anxiety
caused by participation in the study, subjects completed
the Spielberg State-Trait Anxiety Scale before and at the
end of the stress challenge.

Measurements of Hormonal and Biochemical
Variables in Blood Samples
Blood samples for measuring plasma epinephrine and
norepinephrine levels were collected at each sample time
in tubes containing glutathione and ethyleneglycol-bis(beta-aminoethyl ether)-N,N,N⬘,N⬘-tetraacetic acid
(EGTA) and immediately put on ice; after separation in a
refrigerated centrifuge, plasma was stored at ⫺80⬚ C until
assayed. Plasma catecholamine levels were evaluated using a reverse-phase high-performance liquid chromatography method with electrochemical detection (4). Blood
glucose levels were determined with a glucose analyzer
(Beckman, Palo Alto, California). Serum insulin levels
were measured by radioimmunoassay (Sorin, Milan, Italy). Serum levels of free fatty acids were determined in
basal conditions and at the end of both the 15-minute
stress test and the recovery period by a spectrophotometer (Beckman, Palo Alto, California). Serum levels of 17beta-estradiol were evaluated on basal samples that were
collected in both sessions before the stress test by radioimmunoassay using a commercially available kit (Sorin,
Milan, Italy). All samples were run in duplicate. The intra- and interassay coefficients of variation were less than
10% for all of the measurements.
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Analysis of Continuous ECG Recording
Three leads were used for monitoring. The Strata Scan
Holter Analysis System program (Del Mar Avionics, Irvine, California) was used for the tape analysis. Heart rate
was expressed as the mean of the RR intervals. A histogram of the consecutive RR ratio was examined, and cycles outside 80% to 120% of preceding RR intervals were
excluded to avoid the interference of artifacts, premature
beats, or postextrasystolic pauses (27,28). All tapes were
then analyzed to measure heart rate variability in both the
time and frequency domains. Recordings were analyzed
by one investigator who was unaware of treatment. In the
time domain of heart rate variability, we calculated the
standard deviation of the mean of all normal RR intervals
in the following three periods: the final 15 minutes of the
initial resting conditions, the 15-minute stress challenge,
and the 15-minute recovery period. In the same intervals,
we also evaluated the frequency domain of heart rate variability; spectral measurements were computed by fastFourier transform analysis. Spectral plots were used to
identify two subsets of the frequency domain: low frequency (0.05 to 0.15 Hz) and high frequency (0.15 to 1.35
Hz). Spectral power was quantified in these two frequency bandwidths. Spectral plots were squared to quantify power in the two frequency bands (in milliseconds
squared). The ratio of low-frequency to high-frequency
power was calculated.

Data Analysis
A preliminary analysis with the Shapiro-Wilk W statistic
test was performed to determine whether the data conformed to a normal distribution, and the homogeneity of
variance was computed by Bartlett’s test. Data were analyzed using repeated measures analysis of variance in
which the effects of both time and treatment were evaluated. There were no statistically significant interactions
between order of treatment and effects on stress response
(all P ⬍0.19); thus results were combined. If an F value
was significant (P ⬍0.05), Student’s t test was used to
compare means between the groups. When data were not
normally distributed, analysis was performed using the
Friedman rank test followed by the Wilcoxon signed rank
test to identify differences between distributions; these
tests were used to evaluate the effects of treatment on free
fatty acid levels. All statistical calculations were made using SPSS software (SPSS, Chicago, Illinois) (29). Continuous values are expressed as mean ⫾ SD.

RESULTS
Serum estradiol levels were increased at the end of the
treatment with the 17-beta-estradiol patch (placebo 30 ⫾
8 pmol/liter vs estradiol 171 ⫾ 25 pmol/liter, P ⬍0.003).
Baseline Spielberg State Anxiety scores were similar dur-

Figure 1. Mean (⫾ SD) plasma epinephrine levels before, during, and after mental stress after 3-week treatment with placebo
(open square) or estradiol (filled circle) in 10 postmenopausal
women. Repeated measures analysis of variance revealed a significant (P ⬍0.05) difference between treatments.

ing the two treatments (placebo 40 ⫾ 3 vs estradiol 43 ⫾
5, P ⫽ 0.72) and were not affected by the mental stress
challenge (placebo, 41 ⫾ 4; estradiol 41 ⫾ 5, P ⫽ 0.61).
The subjects rated the test as being equally difficult (on a
1-to-5 scale) during both the placebo and the estradiol
sessions (placebo 3 ⫾ 0.6 vs estradiol 3 ⫾ 1, P ⫽ 0.21).

Evaluations of Circulating Levels of
Catecholamines and Other Hormonal and
Biochemical Variables
Basal plasma epinephrine levels were similar during the
estradiol and placebo treatments. In response to the mental stress (Figure 1), epinephrine levels increased significantly during placebo treatment, from basal values of
273 ⫾ 67 pmol/liter to a peak of 431 ⫾ 135 pmol/liter
measured at the end of the stress challenge. The epinephrine response was less marked during estradiol treatment.
From a baseline of 279 ⫾ 72 pmol/liter, the values
reached a peak of 357 ⫾ 77 pmol/liter (P ⬍0.05 compared with baseline) 5 minutes after the beginning of
stress, with a subsequent continuous decrease. There was
a significant (P ⬍0.05) difference in the effects of placebo
and estradiol on the stress-induced epinephrine responses using repeated measures analysis of variance.
There were no significant differences in basal levels of
plasma norepinephrine during the two treatments. In response to the stress stimulus, norepinephrine levels increased during both treatments; however, these changes
were not statistically significant (Figure 2).
Basal serum glucose and insulin levels were similar
during the two treatments and were not significantly affected by the mental stress challenge during either placebo or 17-beta-estradiol treatment. Serum free fatty acid
levels increased significantly in response to the stress
challenge during the administration of both placebo
[peak values of 667 ⫾ 163 M vs basal values of 520 ⫾
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Figure 2. Mean (⫾ SD) plasma norepinephrine levels before,
during, and after mental stress after 3-week treatment with placebo (open square) or estradiol (filled circle).

136 M (P ⬍0.05)] and 17-beta-estradiol (peak values of
617 ⫾ 123 M vs basal values of 489 ⫾ 108 M (P
⬍0.05); Figure 3]. There were no differences between
treatments in either the absolute increments (P ⫽ 0.67)
or the area under the curve responses for free fatty acids
levels (P ⫽ 0.70).

Evaluations of Blood Pressure Levels and
Continuous ECG Monitoring
Basal systolic and diastolic blood pressures were similar
during the two treatments (Figure 4). In response to
mental stress, systolic blood pressure increased significantly during placebo treatment, from 120 ⫾ 9 mm Hg to
a peak of 136 ⫾ 15 mm Hg (P ⬍0.001). During estradiol
treatment, systolic blood pressure also increased significantly in response to the stress challenge, from 119 ⫾ 9
mm Hg to a peak of 133 ⫾ 15 mm Hg (P ⬍0.01). There
were no effects of treatment on the stress-induced systolic
blood pressure changes. However, estradiol treatment

Figure 4. Mean (⫾ SD) systolic blood pressure (above) and
diastolic blood pressure (below) before, during, and after mental stress after 3-week treatment with placebo (open square) or
estradiol (filled circle). Repeated measure analysis of variance
revealed a significant (P ⬍0.05) difference between treatments
in the diastolic blood pressure response.

blunted the effects of stress on diastolic blood pressure (P
⬍0.05). Mean diastolic blood pressure was significantly
increased from baseline during placebo treatment (peak
levels of 90 ⫾ 6 mm Hg vs basal levels of 78 ⫾ 15 mm Hg,
P ⬍0.002), but not during estrogen treatment (peak levels of 84 ⫾ 6 mm Hg vs basal levels of 80 ⫾ 8 mm Hg, P ⫽
0.64).
Subjects had similar mean RR intervals, standard deviation of all mean RR intervals, and low-frequency and
high-frequency bandwidths during the two treatments
(Table). Mean RR intervals decreased significantly during
the stress challenge during both treatments; the decrement was somewhat less pronounced during estradiol
treatment, but the difference between treatments was not
statistically significant (P ⫽ 0.51). In response to stress,
there was a significant decrease in the standard deviation
of all mean RR intervals values (P ⬍0.01) during placebo
treatment, but not during estrogen treatment (P ⫽ 0.23,
P ⬍0.05 for the comparison of placebo and estradiol
treatments). We observed a stress-related increase in lowfrequency bandwidths during both treatments; there
were no effects of treatment on stress-induced high-frequency bandwidths. The ratio of low-frequency to highfrequency bandwidths increased after the stress challenge
during both treatments but were significantly lower during estradiol treatment (P ⬍0.05).

CONCLUSION
Figure 3. Mean (⫾ SD) serum free fatty acid levels evaluated at
baseline, at the end of mental stress, and at the end of the recovery period after 3-week treatment with placebo (open square) or
estradiol (filled circle).
466

October 15, 2000

THE AMERICAN JOURNAL OF MEDICINE威

We found that transdermal administration of 17-betaestradiol reduced the effects of mental arithmetic stress
on plasma epinephrine levels and diastolic, but not systolic, blood pressure in postmenopausal women. These
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Table. Indexes of Heart Rate and Heart Rate Variability before, during, and after Mental Stress after 3-Week Treatment with Either
Placebo or Estradiol in 10 Postmenopausal Women
Placebo
Measurement

Baseline

Stress

17-beta-Estradiol
Recovery

Baseline

Stress

Recovery

Mean ⫾ SD
Mean of all RR intervals (msec)
Standard deviation of all mean
RR intervals (msec)
Low-frequency bandwidth
(msec2)
High-frequency bandwidth
(msec2)
Low-frequency/high-frequency
ratio

828 ⫾ 39
59 ⫾ 11

776 ⫾ 42
47 ⫾ 7

816 ⫾ 56
50 ⫾ 9

824 ⫾ 35
54 ⫾ 15

777 ⫾ 37
47 ⫾ 12

831 ⫾ 51
52 ⫾ 23

494 ⫾ 172

1,562 ⫾ 1,046

699 ⫾ 269

543 ⫾ 154

756 ⫾ 152*

551 ⫾ 250

327 ⫾ 133

309 ⫾ 200

310 ⫾ 120

320 ⫾ 157

238 ⫾ 121

276 ⫾ 188

5.9 ⫾ 2.3

2.7 ⫾ 1.4

2.1 ⫾ 1

3.7 ⫾ 1.4*

2.4 ⫾ 0.9

1.9 ⫾ 0.6

*P ⬍0.05 versus placebo, by analysis of variance.

effects were accompanied by a decrease in the responses
of some measures of stress-induced cardiac sympathetic
tone. The blunting effects of estrogen administration are
unlikely to be the result of a learning effect on mental
stress, given that we used a double-blind, crossover design. Moreover, the Spielberg State Anxiety scores and the
degree of difficulty of the mental stress were similar during the two testing sessions. Thus, it seems unlikely that
the reduced sympathoadrenal response to stress that we
observed during the estradiol treatment was primarily the
result of the stress being perceived as less severe.
Although estradiol had a moderate effect in reducing
stress-induced plasma epinephrine levels, it did not have
a significant effect on norepinephrine levels. However,
norepinephrine levels were not significantly increased
during mental stress with either treatment. These observations agree with previous findings that there is less activation of the sympathetic nervous system (ie, norepinephrine levels) than of the adrenal medulla (ie, epinephrine levels) during mental stress (30,31). In our study,
subjects were tested at the end of 3 weeks of 17-betaestradiol administration. Estrogens rapidly and directly
inhibit catecholamine secretion from the adrenal medulla, likely through a nongenomic mechanism (32).
Thus, we believe that 3 weeks of estradiol administration
was sufficient to detect any effects of treatment on stressinduced adrenomedullary activity.
We did not find any significant effects of estrogen administration on stress-induced heart rate, as measured by
mean RR intervals. However, when the heart rate variability was evaluated in the time domain, estradiol
blunted the stress-related decrease in the standard deviation of all mean RR intervals. Similarly, estradiol reduced
the response of the low-frequency/high-frequency ratio
to stress, primarily because of a decrease in the values of
the low-frequency bandwidth. The changes are directly
related to the cardiac sympathetic tone, both in basal con-

ditions and during psychologic stress (33,34). Our results, therefore, suggest that a decrease in the stress-induced cardiac sympathetic activity occurs during 17beta-estradiol supplementation in postmenopausal
women.
Recently, Komesaroff et al (35) reported a reduction in
the blood pressure and catecholamine responses to mental stress during oral estrogen administration in perimenopausal women. We could only partially confirm
those results, as we found that estradiol had a less potent
blunting effect on the overall sympathoadrenal response
to stress. Therefore, we hypothesize that a reduction in
the sensitivity of the sympathoadrenal system to estrogen
occurs during the transition from perimenopause to
overt postmenopausal status. We studied postmenopausal women who had no or minor vasomotor symptoms, to avoid the potential bias of an estrogen-related
relief in those symptoms. This may have led to a less severe perception of the stress stimulus during estrogen
treatment. However, in the study by Komesaroff et al,
estrogen administration resulted in circulating estradiol
levels greater than those that occur during the standard
transdermal estrogen administration, as in our study.
Therefore, the more complete blunting effect of estrogen
on mental stress–induced sympathoadrenal activity in
the previous study could have been the result of greater
circulating estrogen levels.
In agreement with a previous report (36), we did not
find any stress-related changes in either blood glucose or
insulin levels, but we did observe similar, statistically significant mental stress–induced increases in serum levels
of free fatty acids during both placebo and estradiol treatment. Mental stress causes an increase in catecholaminemediated lipolytic activity through an activation of betaadrenoreceptors (37), and estradiol decreases the stressinduced activation of lipolysis in men (4). Data from
experimental animals show that estrogens blunt the beta-
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adrenoreceptor response to catecholamine stimulation
(10). Thus, postmenopausal estrogen supplementation
might be expected to reduce the effects of mental stress–
induced sympathoadrenal activation on lipolysis; however, our results did not confirm this hypothesis.
In conclusion, we found that transdermal 17-beta-estradiol administration, at a dose of 50 g per day, moderately, but significantly, reduces the response to mental
stress, as measured by plasma epinephrine levels, diastolic blood pressure, and the overall cardiac sympathetic
tone, in postmenopausal women. Studies are needed to
determine the influence of estrogens, either alone or in
combination with progestins, on sympathoadrenal function in basal conditions, during daily activities, and after
challenges with several types of psychologic tests.

REFERENCES
1. Davidson L, Vandogen R, Rouse IL, et al. Sex-related differences in
resting, and stimulated plasma noradrenaline, and adrenaline. Clin
Sci. 1984;67:347–352.
2. Gustafson AB, Kalkhoff RK. Influence of sex and obesity on plasma
catecholamine response to isometric exercise. J Clin Endocrinol
Metab. 1982;55:703–708.
3. Amiel SA, Maran A, Powrie JK, et al. Gender differences in counterregulation to hypoglycemia. Diabetologia. 1993;36:460 – 464.
4. Del Rio G, Velardo A, Zizzo G, et al. Effect of estradiol on the
sympathoadrenal response to mental stress in normal men. J Clin
Endocrinol Metab. 1994;79:836 – 840.
5. Lopez MG, Abad F, Sancho C, et al. Membrane-mediated effects of
the steroid 17 alpha-estradiol on adrenal catecholamine release.
J Pharmacol Exp Ther. 1991;259:279 –285.
6. Lloyd T, Weisz J. Direct inhibition of tyrosine hidroxylase activity
by catechol estrogen. J Biol Chem. 1987;253:4841– 4843.
7. Ball P, Knuppen R. Catecholoestrogens. Acta Endocrinol (Copenh).
1980;93:91–99.
8. Peters JR, Martin-Elliott J, Grahame-Smith DG. Effect of oral contraceptives on platelet noradrenaline and 5-hydroxytryptamine receptors and aggregation. Lancet. 1979;2:933–936.
9. Larsson B, Andersson KE, Batra S, et al. Effects of estradiol on
norepinephrine-induced contraction, alpha adrenoceptor number
and norepinephrine content in the female rabbit urethra. J Pharmacol Exp Ther. 1984;229:557–562.
10. Ball P, Knuppen R, Bruer H. Interactions between estrogens and
catecholamines, III: studies on the methylation of catechol estrogens, catecholamines and other catechols by the catechol-o-methyltransferase of human liver. J Clin Endocrinol Metab. 1972;34:736 –
746.
11. Kannel W, Hjortland MC, McNamara PM, Gordon T. Menopause
and risk of cardiovascular disease: the Framingham Study. Ann Intern Med. 1976;85:447– 452.
12. Owens JF, Stoney CM, Matthews KA. Menopausal status influences
ambulatory blood pressure levels and blood pressure changes during mental stress. Circulation. 1993;88:2794 –2802.
13. Stampfer MJ, Colditz GA, Willett WC, et al. Postmenopausal estrogen therapy and cardiovascular disease: ten-year follow-up from
the Nurses’ Health Study. N Engl J Med. 1991;325:756 –762.
14. Barrett-Connor E, Bush TL. Estrogen and coronary heart disease in
women. JAMA. 1991;265:1861–1867.
15. Hulley S, Grady D, Bush T, et al. Randomized trial of estrogen plus
progestin for secondary prevention of coronary heart disease in
postmenopausal women. Heart and Estrogen/progestin Replacement Study (HERS) Research Group. JAMA. 1998;280:605– 613.
468

October 15, 2000

THE AMERICAN JOURNAL OF MEDICINE威

16. McGowan JA, Potten L. Commentary on the Women’s Health Initiative. Maturitas. 2000;34:109 –112.
17. Bush TL, Barrett-Connor E, Cowan LD, et al. Cardiovascular mortality and non-contraceptive use of estrogen in women: results from
the Lipid Research Clinics Program Follow-up Study. Circulation.
1987;75:1102–1109.
18. Gilligan DM, Quyyumi AA, Cannon RO. Effects of physiological
levels of estrogen on coronary vasomotor function in postmenopausal women. Circulation. 1994;89:2545–2551.
19. Rosano GMC, Patrizi R, Leonardo F, et al. Effect of estrogen replacement therapy on heart rate variability and heart rate in healthy
postmenopausal women. Am J Cardiol. 1997;80:815– 817.
20. Del Rio G, Velardo A, Menozzi R, et al. Acute estradiol and progesterone administration reduced cardiovascular and catecholamine
responses to mental stress in menopausal women. Neuroendocrinology. 1998;67:269 –274.
21. Lee M, Giardina EGV, Homma S, et al. Lack of effect of estrogen on
rest and treadmill exercise in postmenopausal women without
known cardiac disease. Am J Cardiol. 1997;80:793–797.
22. Snabes MC, Herd A, Schuyler N, et al. In normal postmenopausal
women physiologic estrogen replacement therapy fails to improve
exercise tolerance: a randomized, double-blind, placebo-controlled, crossover trial. Am J Obstet Gynecol. 1996;175:110 –114.
23. Kellner R. Abridged Manual of the Symptom Questionnaire.
Albuquerque: University of New Mexico Press, 1976.
24. Paykell ES, McGuinness B, Gomez J. An Anglo-American comparison of the scaling of life events. Br J Med Psychol. 1976;49:237–247.
25. Spielberger CD, Gorsuch RL, Lushene RE. Manual for the StateTrait Anxiety Inventory. Palo Alto: Consulting Psychologists Press,
1970.
26. Wechsler D. The Manual for the Wechsler Adult Intelligence Scale.
New York: Psychology Corporation, 1955.
27. Stein PK, Bosner M, Kleiger RE, Conger BM. Heart rate variability:
a measure of cardiac autonomic tone. Am Heart J. 1994;127:1376 –
1381.
28. Maliani A, Lombardi F, Pagani M. Power spectrum analysis of heart
rate variability: a tool to explore neural regulatory mechanism. Br
Heart J. 1994;71:1–2.
29. Norusis MJ. SPSS-X Advanced Statistic Guide. New York. McGrawHill, 1985.
30. Hjemdahl P, Freyschuss U, Juhlin-Dannfelt A, Linde B. Plasma catecholamines and mental stress. In: Juel Christensen N, Henriksen
O, Lassen NA, eds. The Sympathoadrenal System. Copenhaen:
Raven, 1986:237–248.
31. Barnes FA, Raskind M, Gumbrecht G, Halter JB. The effects of age
on the plasma catecholamine response to mental stress in man.
J Clin Endocrinol Metab. 1982;54:64 – 69.
32. Schumacher M. Rapid membrane effects on steroid hormones: an
emerging concept in neuroendocrinology. Trends Neuroendocrinol
Sci. 1990;13:359 –362.
33. Malliani A, Pagani M, Lombardi F, Cerruti S. Cardiovascular neural
regulation explored in the frequency domain. Circulation. 1991;84:
482– 492.
34. Sgoifo A, De Boer SF, Buwalda B, et al. Vulnerability to arrhythmias
during social stress in rats with different sympathovagal balance.
Am J Physiol. 1998;275:H460 –H466.
35. Komesaroff PA, Esler MD, Sudhir K. Estrogen supplementation
attenuates glucocorticoid and catecholamine responses to mental
stress in perimenopausal women. J Clin Endocrinol Metab. 1999;84:
606 – 610.
36. Macdonald IA, Bennett T, Fellows IW. Catecholamines and the
control of metabolism in man. Clin Sci. 1985;68:613– 619.
37. Hagström-Toft E, Arner P, Wahrengerg H, et al. Adrenergic regulation of human adipose tissue metabolism in situ during mental
stress. J Clin Endocrinol Metab. 1993;76:392–398.

Volume 109

