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ABSTRACT

The present paper presents an overview of studies dealing with
sex differences 1in catecholamine reactivity. Evidence suggests
that under stressful conditions males show a larger catecholamine
response than females. The strongest evidence for a sex difference
in catecholamine reactivity exists for adrenaline (epinephrine),
but sex differences in noradrenaline (norepinephrine) have also
been observed. These differences in catecholamine reactivity may
be related to the way men and women cope with stress, to differ-
ences in personality (for example type A behavior), to sex hor-
mones, or to genetic influences on catecholamine reactivity. 1In
addition, it is possible that a difference between males and fe-
males 1in catecholamine reactivity can explain part of the observed
difference in mortality due to coronary heart disease. In the
first part of this article evidence for a sex difference in
catecholamine reactivity is reviewed. Next, the influences of age,
sex hormones, genetic factors and type A behavior are discussed.
Finally, arguments are put forward for the relevance of catecholam-
ines to (sex differences in) coronary heart disease.

SEX, STRESS AND CATECHOLAMINES

In a recent experiment conducted in our laboratory (van Door-
nen, 1984) adrenaline and noradrenaline excretion was measured in
29 male and 23 female students. Measurements were taken on three

different days: just before the students were going to take an
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exam, before and after they performed a series of laboratory tasks
(a reaction time avoidance task, a tracking task and a cold-pressor
test) and on a control day. Measurements always took place at ten
o'clock in the morning. The results (Figure 1) indicated that
there were no sex differences for adrenaline on the control day.
On the examination day males had significantly higher adrenaline
levels. On the control day female students had significantly
higher noradrenaline 1levels, but this difference tended to disap-
pear on the examination day.

For the laboratory tasks (Figure 2) there was a significant
increase in adrenaline 1in males; the increase in females did not
reach statistical significance. At the beginning of the experimen-
tal session females again had higher noradrenaline levels. This
difference in noradrenaline disappeared because males showed an in-
crease 1in noradrenaline and females a decrease. Neither the in-
crease nor the decrease was significant. The interaction of sex by
periods was significant, however.

Most research concerning sex differences 1in catecholamine
responsivity comes from Sweden. Johansson (1972) studied catecho-
lamine excretion in a group of 99 boys and 78 girls with an average
age of 12 years. Measurements were taken after an emotional neu-
tral film of 42 minutes and a subsequent period of mental arithmet-
ic of equal length. Looking at the change from film to arithmetic,
the adrenaline excretion in boys increased significantly more than
in girls. The sexes did not differ during the passive film period.
Girls performed better on the arithmetic tasks and scored signifi-
cantly lower on a scale measuring "apprehension for schoolwork".
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Figure 1. Adrenaline and noradrenaline levels of female and male
students on the day of an exam (E) and on a control day
(€)
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Figure 2. Adrenaline and noradrenaline levels of female and male
students, before and after a series of laboratory tasks.

Johansson and Post (1974) obtained reliable data by taking
24-hour wurine samples once a month during a year, from 11 females
and 13 males, working in the same factory. To induce stress they
had their subjects fill out a test battery which contained an in-
telligence test. There appeared to be no difference in adrenaline
excretion during daily work routine, but on the stress day the
adrenaline excretion in males was significantly higher than in fe-
males. The noradrenaline concentrations in both conditions did not
differ.

Frankenhaeuser, Dunne and Lundberg (1976) compared two kinds
of stressors to a control condition: a passive stressor (a venous
blood sample) and an active one (the Stroop test). No sex differ-
ences were observed in the control condition. For both kinds of
stressors the adrenaline excretion was elevated in boys and did not
rise in girls. Boys and girls did not differ in their rating of
the aversiveness of the situation. Although the results point in
the expected direction, they did not reach statistical significance
because of the small number of subjects and the large interindivi-
dual variations in catecholamine excretion.

Frankenhaeuser, Rauste-von Wright and Collins (1978) collected
urine samples from students, aged 18 and 19 years, during and im-
mediately after a six-hour examination. The control condition was
an ordinary school day. For both male and female students adrena-
line level was elevated on the stressful day, but significantly
more so in the males. Only in males noradrenaline rose signifi-
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cantly. The sex difference, however, was not significant.
Catecholamine 1levels on the control day did not differ. Because
examination success was the same for males and females the authors
concluded that "...females tend to deal with psychological demands
in a psychophysiological more economic way."

These results were confirmed by Lundberg and Forsman (1979):
no sex differences in a resting condition (reading newspapers), but
positively so after a Stroop test. In males adrenaline excretion
increased significantly more in reference to the base level than in
females. Recently, these results were replicated by this same
research group, using a choice reaction time task (Frankenhaeuser,
Lundberg and Forsman, 1980): 24 male students responded signifi-
cantly stronger than 24 females. In this case the difference can
also hardly be ascribed to a difference in task attitude. Males
and females chose the same work pace and committed an equal amount
of errors.

Sanchez et al. (1980) studied plasma catecholamine levels in a
group of 6 female and 9 male students during rest and a subsequent
5 minute period of sustained isometric contraction. No sex differ-
ences were observed at rest. During exercise catecholamine levels
increased in males, but were essentially unaffected 1in females.
The only significant sex difference was observed for adrenaline
during the first minute of the test. There were no differences
between men and women in the duration of hand grip.

Lundberg (1983) measured catecholamine excretion in 15 boys
and 11 girls between 3 and 6 years of age. Urine samples were tak-
en on an ordinary day in a day-care centre and on a day at home.
At-home boys showed significantly higher adrenaline and noradrena-
line levels than girls, while at the day-care centre they only
showed higher noradrenaline levels. In both boys and girls adrena-
line excretion at the centre was significantly higher than at home.

In a recent experiment of Forsman and Lindblad (1983) blood
samples were taken just before, during and after subjects performed
a Stroop Test. Subjects were 6 men and 6 women with an average age
of 25 years. The adrenaline level of males during the task period
was significantly higher than that of females. In the pre-task
period males already had nearly significantly higher adrenaline
levels. So it is possible that the sexes did not really differ in
reactivity to the test. There was no significant effect for nora-
drenaline.

Based on these studies, it seems justified to conclude that
males are sympathetic adrenergic more reactive to stress than fe-
males, especially with respect to adrenaline.
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THE CRITICAL ROLE OF THE KIND OF SITUATION

Because people are on the average more often in "normal" than
in stressful circumstances, it seems important to study sex differ-
ences in more or less basal conditions. The definition, however,
of '"basal conditions" differs largely between studies, from "the
average value across a year of labor" to "a routine school day".
Moreover, the sex differences in resting conditions in the above-
mentioned experiments are often not separately statistically test-
ed. After an inspection of the represented means in the tables or
the graphs, we preliminary conclude that there is no sex difference
under '"normal circumstances". However, "normal circumstances"
probably should not be equated to real basal conditions. An exper-
iment in which males and females were compared under real basal
conditions produced a surprising result. Cuche et al. (1975) meas-
ured catecholamines in 10 females and 10 males during three days of
strict bed rest. The urine noradrenaline concentration was higher
in females. Adrenaline showed no sex difference. Furthermore, the
noradrenaline reaction to assuming a sitting position was larger in
males, leading to the disappearance of the sex difference. This
suggests that females in "real basal conditions" are adrenergically
more active. This suggestion seems to be supported by the results
of Lundberg et al. (1981). They compared 3-year old boys and girls
and their parents on different points of time during the day, on
two different days and places: at home and in the hospital. The
morning urine samples pointed to higher adrenaline and especially
noradrenaline values in girls than in boys. At the other measuring
points the sex difference was reversed. The differences were not
significant and the groups were small, so replication is desirable.
The mothers had higher morning noradrenaline levels than the fa-
thers. This difference was the same in the other observations both
at home and in the hospital. Presumably, the reason for this un-
changed pattern is that women were relatively more active 1in the
household and were more actively involved in taking care and play-
ing with the children in the hospital. In two conditions we also
observed women to have higher noradrenaline morning levels (Figure
1 and 2). Lundberg et al. suggest that these higher values reflect
nocturnal adrenergic activity.

It is clear that the situation in which catecholamine activity
is measured 1is crucial for the kind of sex difference observed.
Based on the literature presented thus far the following hypotheses
may be formulated:

-Under real basal conditions females tend to have a higher
adrenergic activity level.
-In daily life conditions this difference disappears

because of a higher male reactivity.

-In stressful circumstances males show a higher adrenergic
activity level.
Whether a sex difference will appear in adrenaline or noradrenaline
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depends on the kind of stress situation. Mental effort mainly has
an effect on adrenaline, while physical effort mainly influences
noradrenaline (Fibiger, Singer and Miller, 1984). Research is
needed in which three factors should be systematically manipulated;
i.e. the amount of '"real basality" of a resting condition, the
amount of physical load (leading predominantly to noradrenaline
reactions) and the amount of mental load and emotionality (leading
predominantly to adrenaline reactions).

THE ROLE OF AGE

Both catecholamine level and reactivity seem to be a function
of age. Dalmaz and Peyrin (1982) studied developmental changes of
catecholamines and their main metabolites in urine of females and
males from 1 day to 40 years of age. Here we only report their
results for adrenaline and noradrenaline. In the first month of
life, girls excreted higher amounts of adrenaline and noradrenaline
than boys. No sex differences were observed for these hormones in
the age group 1 to 3.5 months or in adolescents. Adult women had
lower noradrenaline levels than males. It has been suggested that
the noradrenaline reactivity to stress increases with age (Palmer,
Ziegler & Lake, 1978). Ziegler, Lake and Kopin (1976), however,
found that the absolute increase 1in noradrenaline plasma after
isometric exercise correlates with age, but that noradrenaline in-
crease expressed as a percentage does not. In two groups of male
subjects in their fifties and seventies, Faucheux et al. (1981,
1983) found that adrenaline and noradrenaline baseline levels were
lower in the older age group. During stress adrenaline levels in-
creased by the same percentage in both age groups, but came back to
pre-stress levels more slowly in the older age group. Noradrena-
line excretion rose significantly in the older age group only.
Whether these findings apply equally to both sexes is unclear. As-
lan et al. (1981) measured catecholamine excretion in males and fe-
males of two different age groups, of about 30 and about 60 vyears
old. The Stroop test was used as a stressor. In reaction to this
test adrenaline excretion increased in all age-sex subgroups, ex-
cept in the group of young females. Thus, adrenaline hypo-
reactivity might be limited to relatively young females. Noradre-
naline 1levels only increased significantly in both older groups.
This is in agreement with the findings of the studies cited above.
Sex differences in adrenaline excretion were significant in the
younger age group, for noradrenaline they were significant 1in the
older group. In both cases males were more reactive. The groups
in this study were small, 5, 7, 9 and 12, subjects and the statist-
ical analyses incomplete. The results need replication in a larger
study in which the interaction between sex and age with regard to
both adrenaline and noradrenaline is investigated in more detail.
These data may be important from the perspective of the decreasing
sex difference in coronary heart disease incidence with increasing

age.



SEX DIFFERENCES IN CATECHOLAMINE REACTIONS TO STRESS 815

PERFORMANCE AND SUBJECTIVE STATE

It is interesting to know whether the larger adrenaline reac-
tions of males to stressful situations merely reflect sex differ-
ences in task performance or subjective state. In the studies sum-
marized above no differences between males and females were ob-
served for examination success (Frankenhaeuser, Rauste-von Wright &
Collins, 1978), for performance in a reaction time task (Lundberg &
Forsman, 1979; Frankenhaeuser, Lundberg & Forsman, 1980), or during
isometric exercise (Sanchez et al., 1980). Johansson (1972) even
observed a better performance of females on a mental arithmetic
task. In the study by Johansson and Post (1974) females obtained
higher scores on an intelligence test. Frankenhaeuser, Rauste-von
Wright and Collins (1978) measured "discomfort", "effort" and
"sense of success". No consistent sex differences were apparent in
any of these variables. In our own experiment males and females
did not differ with respect to performance in the reaction time
task (reaction times and number of errors) and with respect to
state-anxiety score on the examination day. It would seem then,
that females at lower psychophysiological costs obtain an equal or
even better performance than males. Holmes, Solomon and Rump
(1982) also furnished support for this assumption measuring heart
rate during a challenging IQ test. The female performance was
better, their heart rate reaction to this task however was the same
as in males.

TYPE A BEHAVIOR PATTERN

Type A is the most commonly used description of coronary prone
behavior. Elements of type A are a high activity level and
achievement orientedness. It has often been suggested that type
A's are adrenergically more reactive than type B's, their counter-
parts. It has also been suggested that females are "less A" than
males. Are these two suggestions tenable?

Friedman et al. (1960) observed that noradrenaline excretion
in middle-aged type A males during working hours was more elevated
than in type-B's, in comparison with bed rest. This result was
later replicated in a laboratory experiment in which puzzles had to
be solved under noisy conditions (Friedman et al., 1975). In both
studies the resting levels did not differ for A's and B's. Glass,
Krakoff and Contrada (1980) found no significant A-B differences in
catecholamine reactions to competitive games. In a study from
Lundberg and Forsman (1979) A's reacted as strong as B's to series
of tasks. This also applied to the reaction-time tasks in the ex-
periments from Frankenhaeuser, Lundberg and Forsman (1980) and Wil-

liams, Lane and Kuhn (1982). 1In reaction to a mental arithmetic
task, however, the last authors observed the expected larger reac-
tions of type A's, both in adrenaline and noradrenaline. In our
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own experiment with students as subjects we found no relationship
between type A characteristics and any catecholamine parameter.

The question whether type A personalities are more reactive
than type-B's is only relevant for the case at issue if there is a
reliable sex difference in type A behavior. After a review Waldron
(1978) indeed concluded that males are "more A" than females.
There are reasons, however, to consider this conclusion as too sim-
ple and too general. Shekelle, Schoenberger and Stamler (1976) did
not find an A-B sex difference when controlling for social status.
Haynes, Feinleib and Kannel (1980) found working females to have
higher type A scores than housewives. Within a student population
we found no sex difference in type A score. This also applies to
the studies of Nix and Lohr (1981) and Manuck, Craft and Gold
(1978). Lundberg (1983) found that mean type A score for boys aged
3 to 6 years was higher than in girls of that age. Within each of
the sexes, however, type A score did not correlate systematically
with catecholamine levels. The sex difference also interacts with
age. In a group of working people between 18 and 25 years males
were more type A than females regardless of their level of educa-
tion. In the older age group, however, a difference was absent
(Waldron et al., 1977).

Most experiments in which male adrenergic overreactivity was
observed used students as subjects. This group is very homogeneous
with respect to social class and age and this might be the reason
that there are no indications of sex differences in A-B score. The
statement that types A react to stress with a 1larger adrenergic
response than B's is, in its general, unspecified form, too simple.
The conditions under which it applies depend on age, sex, kind of
type A measurement and kind of stress-situation. The explanation
that males are more type A and by that adrenergically more reactive
is implausible. This certainly applies to the most investigated
group, namely students. 1In this group sexes do not differ in type
A score and most often types A are not found to be adrenergically
overreactive. It remains possible, however, that the explanation
holds for the general population.

SEX HORMONES

Assuming that males are more reactive than females, the ques-
tion arises whether sex hormones play a significant role in
catecholamine reactivity. Both within-sex analyses of the associa-
tion of sex hormones and catecholamines and between-sex comparisons
are relevant., Patkai, Johansson and Post (1974) studied 6 women
during daily work routines for a period covering two menstrual cy-

cles. Four periods of the menstrual cycle were compared with
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respect to urinary catecholamines. No significant differences
between periods were observed in adrenaline and noradrenaline. Za-
gur et al. (1978) took blood samples throughout the menstrual cycle
of 6 women. No systematic pattern of noradrenaline variations was
observed (adrenaline was not measured). That the adrenaline excre-
tion is relatively constant during the menstrual cycle is an argu-
ment against the importance of oestrogen and/or progesterone in ex-
plaining sex differences in adrenaline reactivity. Recently, Rosen
et al. (1984) compared females in luteal and follicular phases of
the menstrual cycle with males. Both sex hormones and catecholam-
ines were measured. Plasma adrenaline concentration was slightly
but significantly higher in luteal phase women than in follicular
phase women or in men. No differences in noradrenaline were ob-
served. The authors conclude that "these data provide no support
for a role of physiological variations of testosterone, estradiol
or progesterone in the regulation of catecholamine actions in hu-
mans".

GENETIC INFLUENCES ON CATECHOLAMINES

A discussion on sex differences would not be complete if the
issue of the relative roles of heredity and environment is ignored.
However, looking for possible genetic influences on sex differences
is wuseful only when hereditary factors play an important role on
catecholamines. One strategy that has been used to study the
genetics of catecholamine systems is the measurement in nonneural
tissue of activities of enzymes important in catecholamine biosyn-
thesis and metabolism. Blood is often used in such experiments.
The underlying assumption is, of course, that enzyme activity in
red blood cells and platelets reflects enzyme activity in the ner-
vous system. There is substantial evidence, both from human and
animal studies, that genetic influences play an important role in
the enzymatic pathways responsible for catecholamine synthesis.
The enzyme that has been studied most is dopamine-beta-hydroxylase
(DBH). DBH is a key enzyme in catecholamine synthesis because it
converts dopamine to noradrenaline in noradrenergic and adrenergic
cells of both the central and the peripheral nervous system. Plas-
ma DBH 1is biochemically and immunologically similar to the enzyme
in the sympathetic nerves and adrenal medulla (Weinshilboum, 1979).
There 1is evidence that DBH in rats increases in response to stres-
sors which also release catecholamines from the adrenal gland and
increase catecholamine excretion. These findings suggest that DBH
activity may be an index of activity of the sympathetic nervous
system (Weinshilboum et al., 1971). Planz and Palm (1973) ob-
served in a group of 34 males a 25% rise in DBH activity in serum
after a maximum workload test. There is a wide interindividual
variability in plasma DBH levels and only a slight variation in ac-
tivities in the same person at different times (Planz & Palm,
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1973). This suggests a genetic basis for the enzyme variability,
that 1is supported by twin and sibling studies. Ross, Wetterberg
and Myrhed (1973) found correlation coefficients of 0.96 in male
monozygotic twin pairs and 0.75 in dizygotic twins for plasma DBH
activity. Winter et al. (1978) reported intraclass correlations of
0.92 and 0.35 for male monozygotic and dizygotic twins, respective-
ly. In a group of 94 sibling pairs Weinshilboum et al. (1973) ob-
served a highly significant correlation of 0.57 for DBH activity.
No difference in the degree of correlation was found for brother-
brother, brother-sister or sister-sister pairings. Mendlewicz,
Levitt and Fleiss (1975) found intraclass correlations of 0.99 for
male and female monozygotic twins and a correlation of 0.33 in sets
of siblings. The correlation in 10 pairs of brothers was 0.73 and
0.98 in 5 pairs of sisters. These results indicate that plasma DBH
activity in humans is under genetic control and that environmental
factors seem of less importance. If DBH activity reflects the ac-
tivity of the peripheral sympathetic nervous system, it could be
concluded that sympathetic nerve activity is to a large extent
genetically controlled.

Monoamine oxydase (MAO) and catechol-O-methyltransferase
(COMT) are the two major catecholamine metabolic enzymes. MAO ac-
tivity in humans has been measured almost exclusively in platelets.
Platelet MAO activity in an individual is fairly stable over time
and varies over 20-fold among normal individuals. Females tend to
have somewhat higher activity levels than males (Murphy, 1976).

Wyatt et al. (1973) reported a correlation of 0.94 for pla-
telet MAO activity in a sample of 9 normal monozygotic twins. Nies
et al. (1974) measured platelet MAO and found that the intraclass
correlations were higher in monozygotic than dizygotic twins and
that the dizygotic correlations were also greater than the correla-
tions in a group of controls. Winter et al. (1978) obtained median
intraclass correlations for platelet MAO of 0.88 for monozygotic
and 0.52 for dizygotic twin pairs. Pandy et al. (1979) got a heri-
tability estimate of 0.54 for platelet MAO from pedigree analysis.
For COMT, which can be measured in red blood cells, Weinshilboum et
al. (1974) reported a sibling-sibling correlation of 0,49, Winter
et al. (1978) observed intraclass correlations of 0.95 and 0.65 for
male monozygotic and dizygotic twins, respectively.

These data demonstrate that enzyme activity important in
catecholamine biosynthesis and metabolism is partly under genetic
control. The question whether sex differences in catecholamine
reactivity are to some extent genetically influenced has to remain
unanswered, although in rats there is evidence that the mode of in-
heritance of serum DBH activity may be sex specific (Stolk et al.,
1979). A clear answer to this question could be provided in a twin
study in which catecholamine reactivity is studied in monozygotic
and dizygotic twins of both sexes as well as in dizygotic twins of

opposite sex.
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An alternative approach to the question what the relative
roles of genetic and environmental influences on sex differences in
catecholamine reactivity are is provided by Frankenhaeuser (1983,
p100). This approach is to study differences between women who
have adopted different social roles, the hypothesis being that
those who have taken on a male role in, for example their profes-
sional life, would tend to exhibit the neuroendocrine stress
response typical of men. This hypothesis seems to apply to female
students on technical schools (Collins & Frankenhaeuser, 1978) and
to female bus drivers and lawyers. However, these observations do
not permit a straightforward conclusion, because of the possibility
that more masculine women choose certain kinds of educations and
professions.

SEX DIFFERENCES IN CARDIOVASCULAR REACTIONS

Both adrenaline and noradrenaline are cardiovascular agents.
Adrenaline induces a rise in heart rate, cardiac output and sys-
tolic blood pressure. Adrenaline may cause a decrement in total
peripheral resistance which can create a fall in diastolic blood
pressure. Adrenaline also increases peripheral blood flow in most
organs. The effect of noradrenaline is an increase in peripheral
resistance that leads to an increase in systolic and diastolic
blood pressure and mean arterial pressure due to vasoconstriction.
Despite a direct effect on beta-2 receptors, heart rate may de-
crease, as may cardiac output and peripheral blood flow. These
findings raise the question to what extent sex differences in
adrenergic reactivity parallel sex differences in cardiovascular
reactivity.

In our own experiment mentioned above (Van Doornen, 1984)
heart rate (HR), systolic blood pressure (SBP) and diastolic blood
pressure (DBP) were measured. On the exam and control days sub-
jects were sitting in a soundproof cabin for 10 minutes while meas-
urements were taken. On another day measurements were taken while
the subjects performed the laboratory tasks.

As can be seen in Figure 3, male students had a higher SBP and
also a lower HR. A sex difference in reactivity in these variables
did not exist. The DBP did not react to the anticipation of the
examination and also did not show any sex difference with respect
to level or change. For the laboratory tasks no sex difference in
reactivity in any of the cardiovascular measures was observed.
Remember that in these same groups a difference in adrenaline was
demonstrated.

In the two studies of Frankenhaeuser et al. (1976, 1980) in
which larger male adrenaline reactivity was observed the sexes also
did not differ in HR reaction. Sanchez et al. (1980) obtained
similar results: the rise in HR, SBP and DBP was the same in men



820 L.J.P. van DOORNEN AND D.I. BOOMSMA

SBP DBP HR

mmHg

oQ 0eQ ae
EJ BJ [ Yei

Figure 3. Systolic blood pressure (SBP), diastolic blood pressure
(DBP) and heart rate (HR) of female and male students on
the day of an exam (E) and on a control day (C).

and women. In the study of Forsman and Lindblad (1983) the SBP
reaction to the Stroop Test was significantly higher in men (18 mm
Hg) than in women (6 mm Hg). The sexes did not differ in HR reac-
tivity. Studies in which only cardiovascular variables were meas-
ured further complicate the picture: results with regard to sex
differences are inconsistent. Jorgenson and Houston (1981),
Manuck, Craft and Gold (1978), and Holmes, Solomon and Rump (1982)
measured cardiovascular variables in reaction to a variety of 1la-
boratory stressors and found no sex differences in reactivity.
Schmidt et al. (this volume) report a higher SBP level and reac-
tivity to a video game in young boys as compared to girls of the
same age. In the reaction-time task that followed the game this
finding was not replicated. The sex effect on DBP reactions was
marginal and was absent for HR reactivity. Von Eiff and Piekarski
(1977) found 1larger SBP reactions to mental arithmetic in males
that in females. Public speaking, however, raises HR significantly
more in females than in males ( Baldwin & Clevenger, 1982). 1In a
mixed-motive game with a competitive strategy von Egeren (1979) ob-
served larger HR reactions in women. The sex difference was re-
versed when a cooperative strategy was employed. These results
suggest the possibility of a differential task attitude of males
and females. This argument however also applies to the studies
measuring catecholamines. That results are more consistent in that
area could imply that sex differences in catecholamine reactivity
are indeed more robust.

Another point that needs to be considered when looking for a
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correspondence in catecholamine and cardiovascular reactivity are
the different characteristics of the two kinds of variables. There
are large differences in latency and recovery rates. This also ap-
plies to the different catecholamine measurement techniques: 1in
plasma or in urine. In the Forsman and Lindblad experiment adrena-
line level went down in the rest period after the Stroop Test,
while noradrenaline increased in this same period to starting lev-
els. At that time HR already had returned to base 1level. SBP
remained at the same level as during the task. This indicates that
period of measurement is important when comparing response ampli-
tudes in different response systems. Before we decide whether sex
differences in catecholamine reactivity are or are not reflected in
cardiovascular reactivity, we must await studies with more ela-
borate measurement of both variables.

CATECHOLAMINES AND CORONARY HEART DISEASE

In general, the adrenergic response to stress 1is smaller in
females than in males. This is an interesting finding, because of
the higher coronary heart disease (CHD) risk in males. In the age
group 40-45 men -relative to women- have a sixfold risk of mortali-
ty due to CHD. Although no longitudinal studies have been carried
out to investigate directly the connection between catecholamine
level and CHD incidence, there is evidence for an indirect rela-
tionship:

-Hypertension is the most potent risk factor for CHD.
Theories about stress-induced hypertension point to catecholamines,
and especially noradrenaline as a crucial factor in the early stage
of the development (Goldstein, 1981).

-Serum cholesterol is another important CHD risk factor. Re-
cently Dimsdale, Herd and Hartley (1983) carried out a study in
which adrenaline was injected in monkeys. They concluded that per-
sistent elevation in adrenaline levels similar to that encountered
under emotional stress leads to a significant increase in plasma
cholesterol levels.

—Catecholamines raise the plasma content of free fatty acids
(FFA). The liver takes up FFA that is not used for energy produc-
tion. This FFA is then secreted as the CHD risk enhancing very-
low-density lipoproteins. FFA also increases the intensity of pla-
telet aggregation, and increases oxygen need of the heart.

-Catecholamines also directly increase the myocardial oxygen
consumption. In combination with severe arteriosclerosis this
might induce an ischemic state leading to anginal pain, rhythm dis-
turbances or even myocardial infarction.

-Especially adrenaline is a potent agent of platelet aggrega-
tion (this, again, is partly mediated by FFA). This is an impor-
tant factor in the pathogenesis of arteriosclerosis and thrombus
formation in the coronary arteries.

-Catecholamines decrease the threshold of cardiac rhythm dis-



822 L.J.P. van DOORNEN AND D.I. BOOMSMA

turbances: the most important cause of acute cardiac death.

So sex differences in catecholamine production are of potential
relevance for the understanding of sex differences in CHD-
incidence, -mortality and -symptoms.

CONCLUSIONS

In general, the adrenaline response to stress 1is smaller in
females than in males. A similar difference in noradrenaline is
seldom observed. This probably should be ascribed to the fact that
most experiments do not use stressors that especially trigger the
noradrenaline system. Sex differences in catecholamine levels are
possibly dependent on the situation: under real basal conditions
females have relatively higher adrenaline and especially noradrena-
line 1levels. Under normal conditions this sex difference tends to
disappear and under stress conditions males can be characterized by
higher levels.

Sex differences in catecholamine reactivity cannot merely be
ascribed to differences between males and females in task perfor-
mance, type A behavior or sex hormones. The lack of a sex differ-
ence in task performance could point to a more economic coping
style of females. The A-pattern is not a satisfactory explanatory
concept, because in the most frequently investigated population,
i.e. the student population, the sexes do not differ in type A
score. Moreover, there 1is no convincing evidence for the often
supposed larger adrenergic reactivity of type A's. The few studies
that investigated the relationship between sex hormones and
catecholamines do not show an important influence of sex hormones
on catecholamine household. These studies, however, have not
looked at the relationship between catecholamine reactivity and sex
hormones. The importance of genetic factors for catecholamine syn-
thesis and metabolism suggests that more research is also needed in
which the relative roles of genetic and environmental factors on
sex differences in catecholamine reactivity are studied.

Sex differences in catecholamine reactivity do not parallel
differences 1in cardiovascular reactivity. Before any conclusions
can be drawn, however, it has to be decided whether this 1is a
result of different measurement techniques of adrenergic and car-
diovascular variables.

It seems possible that a difference between males and females
in catecholamine reactivity can explain part of the sex difference
in CHD risk. It seems appropriate to pay attention to catecholam-
ines when 1looking for mediating factors between stress and CHD.
Assuming the relevance of catecholamines the combination of male
adrenergic hyper-responsiveness and the higher male CHD risk needs
closer attention.
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