
comparable information for younger age groups. Our
findings suggest that falling in women at perimeno-
pausal ages deserves particular attention.
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Abstract
Objective-To compare blood pressure, heart

rate, and peripheral vascular responsiveness in
menopausal women who have hot flushes and in
those who do not, and to assess the effect on these
variables of treating women who have hot flushes
with oestriol, a natural oestrogen, given vaginally.
Design-An open, non-randomised cohort study

of flushing and non-flushing menopausal women. A
before and after investigation of the effects of
vaginal oestriol treatment on the circulation.

Setting-Referral based endocrinology clinic.
Patients-88 Consecutive menopausal women, 63

complaining of frequent hot flushes and 25 who had
not flushed for at least a year.
Intervention-Treatment with vaginal oestriol 0 5

mg at night for six weeks in 18 ofthe women who had
hot flushes.
Measurements and main results -Peripheral blood

flow was measured by venous occlusion plethysmo-
graphy at rest and in response to stressful mental
arithmetic and anoxic forearm exercises. Blood flow
in the forearm and its variability were significantly
higher in flushing than in non-flushing women (4-1
(SD 1.7) and 3-1 (0.9) ml/100 ml tissue/min and 17%
and 13% respectively). Blood pressure, heart rate,
and blood flow in the hand were, however, similar in
the two groups. No difference was found in the
peripheral incremental response to either stress
or anoxic exercise. Vaginal oestriol significantly
lowered forearm blood flow from 4-4 (1-5) to 3-3 (1-1)
ml/100 ml tissue/min but dilator responsiveness was
unaffected.
Conclusions-The peripheral circulation is dif-

ferent in menopausal women who have hot flushes
compared with those who do not, with selective
vasodilatation in the forearm. The lowered blood
flow in the forearm after vaginal oestriol in flushing
women may be relevant to the alleviation of vaso-
motor symptoms induced by oestrogen treatment.

Introduction
Although menopausal hot flushes are the commonest

symptoms of the climacteric, occurring in around 70%
of women,' why some women flush frequently for
years while others never flush or do so only for a short
time is not understood. Women with severe symptoms
at the climacteric are said to be more likely to be
hypertensive or to have episodes of high blood pressure
than those who do not flush frequently.2 There are,
however, no critical studies to substantiate such beliefs.

We previously showed that the symptoms of meno-
pausal flushes are accompanied by objective changes: a
rapid but transient increase in blood flow through the
arm and in pulse rate,' the pattern of change re-
sembling that seen in response to indirect heating of
the body.4' This suggests that the flush may reflect
inappropriate activation of the mechanisms for heat
loss and may explain why menopausal women often
complain of feeling hot and why hot flushes may be
precipitated or aggravated by vasodilator stimuli such
as drinking a hot drink, stress, and a rise in ambient
temperature.

Because of this and the fact that clonidine, an u
agonist prescribed for relief of menopausal flushing,
reduces dilator responses to exogenous vasoactive
amines,6 partly through influencing peripheral vaso-
dilator responsiveness,7 we compared vascular re-
sponsiveness in menopausal women who had frequent
hot flushes with that in women of the same age who
either had never flushed or had not experienced flushes
for at least a year.

Patients and methods
Circulatory studies were performed in 88 meno-

pausal women who had had their last menstrual period
at least six months earlier and whose follicle stimu-
lating hormone concentration was raised into the
menopausal range (>20 IU/1). Of these, 63 complained
of hot flushes, whose frequency ranged from three to
40 a day (mean 10-2 a day). The remaining 25 either
had never flushed or had not done so for at least a year.
The mean age of the flushing and non-flushing women
was similar: 50-1 (SD 8 6) and 51 9 (8 5) years
respectively (p>005). There was no difference in the
time since menopause between the two groups.
The women were all clinically and biochemically

euthyroid. None had taken oestrogens in the preceding
12 months, and none was taking any drug affecting
cardiovascular activity at the time of the investigation.
Informed consent was obtained from each subject.

Blood flow in the forearm and in the hand was
measured by venous occlusion plethysmography under
standardised laboratory conditions, as in previous
studies. ' Blood pressure and heart rate were recorded
with an automatic recorder (Electro Medical Equip-
ment, Brighton). Pulse rate was also calculated directly
from the plethysmographic tracing as required. The
precise position of the plethysmograph in relation to
the styloid process of the radius was noted at the first
laboratory visit and used in subsequent tests. Subjects
were tested at least two hours after a light meal.
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Blood flow was measured every 15 to 30 seconds,
except when the blood flow changed rapidly and
recordings were then made every 10 seconds. The
mean resting blood flow was calculated from consecu-
tive measurements of flow over at least three to four
minutes. The standard deviation of mean blood flow
was calculated from the repeated flow measurements
made throughout a recording session and divided by
the mean flow on that occasion. This gives the co-
efficient of variation, a measure of the variability in
blood flow through the arm.

Responses to dilator stimuli -stressful mental arith-
metic and anoxic arm exercise-were determined as in
previous studies.9 '° The circulatory effects of treatment
with a natural oestrogen-oestriol-given through the
vagina (0 5 mg at night) for at least six weeks were also
investigated.

Differences between mean data were assessed by
Student's t test for paired and unpaired samples as
appropriate. A two tailed p value of <0 05 was
regarded as significant. In the case of the coefficients of
variation the t test was applied to the logarithms of the
individual data.

Results
BLOOD PRESSURE AND PULSE RATE

No significant difference in blood pressure or pulse
rate was found between the 63 flushing and 25 non-
flushing women, the respective means being 128/79
and 123/76 mm Hg and 79 and 82 beats/min.

BLOOD FLOW

The mean blood flow in the forearm was significantly
higher (p<0 005) in the women who had flushes than
in those who did not, being 4 1 (1-7) and 3-1 (0 9) ml/
100 ml tissue/min respectively. The difference between
the mean flow values in the two groups was 1 0 with a
95% confidence interval of 0-3 to 1-7.
The mean coefficient of variation in forearm flow

was also significantly higher in women who had
flushes, being 16-9% and 12-9% respectively (p<0 02).
The difference between the sample means in the two
groups was 4 0 with a 95% confidence interval of 0-8 to
7*2.
There was, however, no significant difference in

blood flow in the hand or in its mean coefficient of
variation between flushing and non-flushing women,
the respective means being 10 8 (6 7) and 13 0 (6 2) ml/
100 ml tissue/min and 24-5% and 24-9%.
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RESPONSE TO STRESSFUL MENTAL ARITHMETIC

The response to stressful mental arithmetic was
studied in 15 flushing and 13 non-flushing women
(figure). The raised flow o0 blood in the forearm of
women who had hot flushes was sustained during the
vasodilatation evoked by stressful mental arithmetic,
the difference in forearm flow between the two groups
remaining significant throughout (p<005). The mean
resting blood flow was 4 2 (0 5) and 2 6 (0 2) ml/100 ml
tissue/min in flushing and non-flushing women respec-
tively, increasing to 6 5 (0 9) and 4 3 (0 3) ml/100 ml
tissue/min during stressful mental arithmetic and
falling to 4 7 (0 7) and 2-8 (0 2) ml/100 ml/min
respectively after the period of stress. Although the
increase in blood flow in the forearm above the resting
mean during stressful mental arithmetic was no greater
in women who had flushes, thereafter the flow fell to
baseline values more slowly in the women with flushes
and remained significantly raised (p<005) above their
resting mean value.

Blood flow in the hand fell to a similar extent in both
groups during the stress of mental arithmetic (12-2
(1-5) and 12 3 (1-7) ml/100 ml tissue/min in women
who had flushes and those who did not respectively).

Mental arithmetic also increased pulse rate signifi-
cantly. The mean rise was similar in the two groups. In
women with hot flushes it was 73 1 (3 0) beats/min
initially, 84 4 (4- 1) during stressful mental arithmetic,
and 75 1 (3 0) thereafter, and in women who did not
have hot flushes the corresponding values were 66-9
(2 5), 79 3 (3 9), and 69 7 (2 8) beats/min respectively.

RESPONSE TO LOCAL ANOXIC EXERCISE

The response to anoxic exercise was assessed in 22
flushing and 12 non flushing women. No significant
difference was found between the two groups in peak
forearm flow (11 1 ml/100 ml tissue/min in women who
had flushes and 13 2 ml/I00 ml tissue/min in those who
did not; p>0 5); the rate of fall in flow from peak
values and the time taken to reach resting values were
also similar.

CIRCULATORY EFFECTS OF VAGINAL OESTRIOL
TREATMENT

The circulatory effects of at least six weeks' vaginal
oestriol treatment were assessed in 18 flushing women.
This treatment rapidly relieved symptoms such as hot
flushes and vaginal dryness but, as previously reported,
induced no change in either blood pressure or heart

W0~- .cr - -O

-4 -2 4
I
0

Mental
arithmetic

6
Time (min)

Mean forearm blood flow before, during, and after stressful mental arithmetic in 15 ?nenopausal women who had hot flushes (0) and 13 who did
nlot (0o)
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rate, the respective means being 129/86 mm Hg and
64-6 beats/min initially and 126/80 mm Hg and 61 9
beats/min after at least six weeks' vaginal oestriol
treatment.
Forearm blood flow, however, fell significantly after

vaginal oestriol treatment from 4 4 (1 5) to 3 3 ( 1) ml/
100 ml tissue/min. The difference between the sample
means was 1 1 with a 95% confidence limit of 0 2 to
2 0. The variability in forearm flow was not significantly
changed (p>0 1), the mean values being 16 5% before
and 16 5% during treatment.

Neither basal hand flow nor the coefficient of
variation in blood flow in the hand were influenced by
vaginal oestriol treatment, averaging 11 4 (4 8) ml/100
ml tissue/min and 27 0% respectively before treatment
and 10 5 (3 8) ml/100 ml tissue/min and 26 0% after six
weeks' vaginal treatment.

Discussion
Our finding of a significantly higher blood flow in the

*forearm in menopausal women who flush than in their
symptomless peers shows that there is an objective
change in physiological function in women who suffer
from menopausal flushes. As blood pressure was
similar in the two groups the higher flow recorded in
the women who had hot flushes was not the result of a
change in systemic arterial pressure. Similarly, as
blood pressure is not lower in women who flush
frequently their raised forearm flow does not reflect a
generalised increased flow through skeletal muscle.
The raised blood flow in the forearms of flushing
women is most likely due to a selective increase in flow
through the arterioles offorearm skin. The fact that the
coefficient of variation in forearm flow was higher in
women with hot flushes may also be explained by
increased skin flow as flow through vessels in the skin is
more variable, even at rest, than that through muscle
arterioles. Studies of blood flow in forearm skin with
strain gauge plethysmography" are therefore in
progress.

Although the raised flow of blood in flushing women
was sustained during the vasodilatation induced by
stressful mental arithmetic, the increment in flow was
similar in the two groups and there was no inherent
increased distensibility of forearm blood vessels in the
women who had hot flushes, the vasodilatation evoked
by anoxic local exercise being similar to that in non-
flushing women. We also observed that forearm flow in
flushers remained raised during the vasodilatation
induced by both adrenaline and noradrenaline.'2 It is of
particular interest that flow remained higher in women
who had hot flushes during the transient first phase of
adrenaline dilatation, which is a purely local effect of
adrenaline. This suggests that there may be a local
change in vascular responsiveness to adrenaline.
The most commonly prescribed treatment for the

symptoms of the climacteric is a synthetic preparation
of oestrogen given orally. Our decision to study the
effects of a natural oestrogen, oestriol, given vaginally'
was to simulate ovarian secretion and eliminate the
unphysiological alterations-for example, in the lipid
profile and renin-angiotensin system-that are inevit-
able after oral treatment.'4'' That blood flow in the
forearm fell after vaginal oestriol, so that by six weeks
the flow was similar to that in women who did not have
hot flushes is therefore interesting. One of us (BO'R)
also found a reduction in the dilator response to both
stressful mental arithmetic and catecholamine infusion
after vaginal oestriol treatment.' Oestradiol influences

adrenergic receptors and responsiveness to catechola-
mines in various animal tissues, including the uterus,'6
ovary,7 brain,' and lung,'9 as well as blood vessels.20
Does oestriol similarly affect the blood vessels of
skeletal muscle?
We cannot, however, assume that all substances

alleviating hot flushes necessarily act in the same way.
Thus clonidine, an (L agonist that may reduce the
intensity and even the frequency of hot flushes,2' does
not alter resting blood flow in the arm6 and, in contrast
to oestriol, affects the dilator response to anoxic
exercise. Hot flushes are associated with peripheral
vasodilatation and may be precipitated or aggravated
by dilator stimuli; we have shown an alteration in
peripheral vascular activity in women who have hot
flushes compared with those who do not. One of the
essential prerequisites for the onset of flushing might
therefore be a change in peripheral vascular tone. If we
knew how and why this occurred we might be able to
determine why only 70% of menopausal women have
hot flushes and why they are short lived in others. Such
information would help in devising treatment for these
distressing symptoms.

BO'R was supported by the British Heart Foundation and
PH by the Stanley Thomas Johnson Foundation. Technical
help was provided by Miss L McGregor, who is supported by
the Stanley Thomas Johnson Foundation.

I McKinlay SM, Jeffreys SM. The menopausal syndrome. British Journal of'
PreventiVe and Social Medicine 1974;28:108-15.

2 Hotfmani CH. Das Vcrhalten des diastolischen Blutdrucks bei Frauen mit
klimakterischcn Wallungen im Steh- und Belastungsversuch Ililaugural
1)issertation]. University of Wurzburg: Wurzburg, 1965. 52 pp.

3 Ginsburg J, Swinhoe J, O'Reilly B. Cardiovascular responses during the
mcnopausal hot flush. Brj Obstet Gvnaecol 1981;88:925-30.

4 Kerslake 1) McK, Cooper KE. Vasodilation in the hand in response to
heating the skin elsewhere. Clitn Sci 1950;9:31-47.

5 Barcroft H, Bonnar W McK, Edholm OG. Rcflcx sNasodilation in human
skeletal muscle in response to hcating the body. J PhY'siol (I.ond) 1947;106:
27 1-8.

6 (iinisburg J, O'Reilly B, Swinhoe J. Effect of oral clonidilnc on human sascular
responsive:ness: a possible explanation of the therapeutic action of the drug
in menopausal flushing and migraine. Br J Obstet Gv,naecol 1985;92:
1169-75.

7 (iIlSbtirg J, Hardiman P. Adrenergic agonists for menopausal complaints. In:
Geazzani AR, Montemagno U, Nappi C, IPetraglia F, eds. The brain and the
Jemaale reproductive sy,stem. Carnforth: IParthenon, 1987:623-5.

8 Ginisburg J. Observations on the peripheral circulation in hypertrophic
pulmonary osteoarthropathy. QJ Med 1958;27:335-52.

9 Ginsburg J, O'Reilly B. Efftect of oral clonidine on the vascular effects of
stressful mental arithmetic in mennopausal women. J Cardliovasc Pharmacol
1987;10: 162-5.

10 Duncan SLB, (iinsburg J. Arteriolar distensibility in hypertensive pregnancy.
AmJ Obstet Gvnecol 1968;100:222-9.

11 Clarke RSJ, Ginsburg J, Hellon RF. Use of the strain gauge plethysmograph in
assessing the effect of certain drugs on the blood flow through the skin and
muscle of the forearm. ] Phvsitol (LIond) 1958;140:318-6.

12 O'Reilly B. Circutlatory responses in mcnopausal women. [PhD lThesisj.
London: University of London, 1985. 307 pp.

13 Fink RS, Collins WP, Papadaki L, O'Reilly B, Ginsburg J. Vaginal estriol:
effective menopausal therapy not associated with endometrial hyperplasia.
7ourntal olfGvnecttlogv and Endocrinologv 1985;1: 1-11.

14 Fahraeus L. Potency and hepato-cellular effects otf oestrogens after oral,
percutaneous and subcutaneous administration. In: van Keep PA, Utian
WH, Vermeulen A, eds. The ctontroversial climacter'c. Lancaster: MTP,
1981:103-25.

15 Laragh JH, Seales JE, Ledingham JCG, Newton MA. Oral contraceptives.
Renin, aldosteronn, and high blood pressure. JAMA 1967;201:918-22.

16 Bottari SP, Vokacr A, Kaisez E, Lescraninier JP, Vauquelin GP. Differential
regulation of alpha adrcncrgic receptor subclasses by gonadal steroids in
human mvrometrium. J Clin EndocnrnollMetab 1983;57:937-41.

17 Jordan AW. Changes in osarian adrenergic receptors during the estrous cycle
of the rat. Biol Reprod 1980;24:245-8.

18 Wagner HR, Crutcher KA, Davis JN. Chronic oestrogen treatment decrease
beta-adrenergic responses in rat cerebral cortex. Brain Res 1979;171: 147-5 1.

19 Moawad AH, River LP, Kilpatrick SJ. The effect ofestrogen and progesterone
on beta-adrenergic receptor actisity in rabbit lung tissue. Am J Obstet
G'vnecol 1982;144:608-13.

20 Coltucci WS, Gimbrone Jr JA, Alexander RW. Estrogens, sympathectomv and
catecholamines regulate the sascular alpha-adrenergic receptor. C/lin Res
1980;28: 162A.

21 Clavden JR, Bell JW, Pollard P. Menopausal flushing: double-blind trial of a
non-hlormonal medication. BrMedj 1974;i:409-12.

(Ac-epted 10.April 1989)

1490 BMJ VOLUME 298 3 JUNE 1989

 on 10 A
pril 2024 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

M
J: first published as 10.1136/bm

j.298.6686.1488 on 3 June 1989. D
ow

nloaded from
 

http://www.bmj.com/

