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Abstract—Serum profiles of both oestradiol and prolactin were measured during
the luteal phase in normal women, in women with cyclical breast pain and in
women with recently biopsied benign breast disease. The results suggest that, in
women with benign breast disease, the concentration of both hormones may be
increased, when compared to the normal controls, during the evening in the latter

part of the luteal phase.

INTRODUCTION

ALTHOUGH the causes of benign breast disease
remain obscure, the clinical features of some of
these conditions suggest the possibility of an
underlying endocrine abnormality. This has
prompted several groups of workers to investigate
ovarian and pituitary hormones in women with
several forms of benign breast disease. The
principal hormones of interest have been
progesterone, oestradiol-17 8 and prolactin. These
previous endocrine studies have yielded conflict-
ing results. Most authors have found a normal
concentration of progesterone in women with
benign breast disease [1-3], although one group of
workers in particular reported a pronounced
luteal deficiency for this hormone in these
patients [4-9]. An earlier report from this study
[10] found a normal concentration of pro-
gesterone in women with benign breast disease.
There have been reports of both normal [1, 2, 4-6,
11-14] and an increased concentration of
oestradiol in patients with various forms of
benign breast disease [2, 7-9, 11]. Similarly, there
are reports of an increased concentration of
prolactin, particularly in patients with painful
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forms of breast disease [13,15], while other
authors have found a normal concentration in
these patients [8, 16, 17]. There are several possible
causes for the conflict between these reports. The
nomenclature of benign breast disease has been
inconsistent and the methods of hormone analysis
have varied. More important, however, are
differences between the methods of blood
sampling. In particular, in studies where daily
blood sampling has not been carried out, the
accuracy with which blood samples have been
‘dated’ with reference to the menstrual cycle has
been very variable. In addition, some studies have
not taken account of possible circadian variations
in concentrations of the hormones under
investigation.

The aim of this study was to investigate the
luteal phase concentrations of oestradiol and
prolactin in relation to cyclical breast pain
(mastodynia) and to biopsied benign breast
disease, classified according to histological
appearance.

MATERIALS AND METHODS

Subjects

Four groups of women were studied (Table 1).

Group A. This group comprised 288 self-
referred women who attended a breast screening
clinic. Each of these women answered a detailed
questionnaire, including a full history of breast
symptoms, and provided one blood sample
between 8.45 and 11.30 a.m. on a day calculated to



1346 P. V. Walsh et al.
Table 1. Subjects studied
Oestradiol Prolactin
Age (yr) concentrations  concentrations

n Mean Median Range (pg/ml) (#U/ml)
Group A (screened women) 288 41.9 44 22-52 288 272 (morning)
Group B (control group) 14 42.5 43 3747 51 47 (evening)
Group C (mastodynia patients) 33 334 34 21-50 102 102 (evening)
Group D (biopsied women) 63* 388 40 23-50 200 182 (evening)

*Group D includes nine women from group C, aged 31-50, mean age 35 yr, who provided 26 blood samples.

be in the luteal phase of her cycle. These women
were separated into those who gave a history of
moderate or severe cyclical mastodynia (n = 82)
and those with trivial discomfort or no symptoms
at all (n = 206).

Three smaller groups, B, C and D, provided at
least three luteal phase blood samples in the
evening between 4.15 and 6.30 p.m.

Group B. This control group comprised 14
women who gave no personal history of breast
disease, no family history of breast cancer and no
history of involuntary infertility. In addition,
their breasts were normal, clinically and radio-
logically.

Group C. This group comprised 33 patients
with persistent, severe cyclical mastodynia, which
was defined as pain lasting for at least 7 days
before menses.

Group D. This group comprised 63 women
who had undergone breast biopsy for a benign
condition between 3 months and 2 yr previously.
Nine of this group of women also belonged to
group C. This group of women (D) was identified
from the records of the Department of Pathology.
The histology slides of each patient were reviewed
by one of the authors (I.W.M.) and the
microscopic findings were graded according to
the presence or absence of epithelial proliferation
[18].

All subjects studied satisfied the protocol which
stipulated that all were pre-menopausal and that
none was taking any medication likely to affect
hormone concentrations, either at the time of the
study or during the preceding 3 months.

Every blood sample was ‘dated’ according to the
number of days that elapsed between venepuncture
and the date of the next onset of menstruation as
determined from a menstrual calendar.

Blood samples were drawn from an antecubital
vein using a Sarstedt Monovette syringe,
centrifuged at 4°C and the serum separated within
2hr of venepuncture. All serum aliquots for
oestradiol estimation were stored at —20°C until
the completion of the study, when they were
assayed in duplicate in 14 batches at the
Department of Clinical Endocrinology, Imperial
Cancer Research Fund, London. Serum aliquots

for prolactin assay were stored at 4°C for up to 2
weeks before inclusion in one of 16 routine assay
batches in the Department of Clinical Pathology,
Royal Liverpool Hospital.

Methods

Analytical. The assay batches for both hormones
were composed of a random selection of samples
from all parts of the study.

Oestradiol assay. QOestradiol assay was per-
formed according to the method of Bulbrooket al.
[19]. Interassay variation was 10.1%; overall
variation was 14.2%. Results are quoted in pg/ml
of serum.

Prolactin assay. Prolactin assay was performed
by a double antibody solid phase radio-
immunoassay technique [20]. One assay batch
was unsatisfactory and the results were discarded,
with the consequent loss of 38 results. Interassay
variation was 12%; within-batch variation was
8%. Results are quoted in pU/ml of serum.

Statistical. The data for each hormone were log-
normally distributed, and the statistical analysis
was performed after logarithmic transformation
of the data. Hormone profiles were derived by
calculating the mean, plus or minus one standard
error of the mean, for values in each interval of 2
days before menstruation. For group A, hormone
profiles were derived for the women with and
without significant symptoms of cyclical breast
pain. Hormone profiles were derived for each of
groups B, C and D, and subsequently profiles
were derived for the proportions of patients
within group D who demonstrated specific
features of epithelial proliferation.

Oestradiol profiles were compared by two-way
analysis of variance for non-orthogonal data. The
titres assayed on samples obtained more than 12
days before menstruation were few in number and
also displayed a very wide scatter of values. This
has been attributed to inconsistent detection of
high or low concentrations during the mid-cycle
‘peak’ of oestradiol. Therefore statistical
comparison of profiles was performed only on the
data obtained from samples drawn 12 days or less
before menstruation.

Prolactin profiles are presented as for oestradiol.
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However, as there was no significant difference
between the concentrations in each two-day
interval (one-way analysis of variance), the mean
concentration was calculated for each complete
profile and compared by Student'’s ¢ test.

RESULTS

The data obtained from the women attending
the breast screening clinic, who provided single
morning blood samples, were initially analysed
in four separate age subgroups and according to
differing degrees of severity of cyclical breast
symptoms. No discrepancy was found with
respect to either age or differing degrees of pain.
For this reason the hormone profiles of women
with moderate or severe cyclical mastodynia
(n = 82) were compared with those obtained from
women with negligible symptoms (n = 206).

Hormone profiles from the three groups of
women who provided multiple evening blood
samples were compared as follows. The control
group (B) were compared with the women with
cyclical mastodynia (group C). The control group
were next compared with the women who had
undergone breast biopsy (group D), but excluded
from this comparison were the data from the nine
women who also appeared in group C. Finally,
profiles were derived according to the histological
appearance of the breast biopsy specimens; nine
women were found to have fibroadenoma only
and these women, whose hormone titres were
unremarkable in the context of this group, were
excluded. The remaining 54 women were
separated into those whose biopsies demonstrated
epithelial proliferation and those which did not.

Oestradiol

The oestradiol profiles of the screened women
(group A) with and without cyclical breast pain
are shown in Fig. 1. There was no significant
difference between these profiles.

When the profiles for the control women
(group B) and the patients with cyclical
mastodynia (group C) were compared (Fig.2) a
significant difference emerged. The women with
pain had a higher concentration of oestradiol
[F(1,114)=4.2, P <0.05] than the control women
during the latter part of the luteal phase.

Similarly, the women who had only undergone
breast biopsy also showed a significantly different
oestradiol profile from that seen in the control
group [Fig.3; F(1,205)=7.2, P<0.01}, with a
higher concentration during the latter part of the
luteal phase.

In the biopsied group, oestradiol profiles were
derived according to histological appearances. No
difference was found between the oestradiol
profiles of women with and women without
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epithelial proliferation. The profiles for women
whose biopsy did (n=15) or did not (n =39)
demonstrate papillomatoid proliferation of the
ductal epithelium, for example, are shown in
Fig. 4, and there is no difference between these
profiles and certainly no suggestion that this form
of florid proliferation was associated with a
higher concentration of oestradiol.

Prolactin

The profile and mean concentrations of
prolactin were compared in the screened women
(group A) with and without cyclical breast pain
(Fig. 5). These two profiles were very similar and
the mean concentrations were virtually identical.

The prolactin profiles of the control women
(group B) and the patients with cyclical
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Fig.5. Screened women (group A) with and without cyclical
breast pain: prolactin.

mastodynia are shown in Fig.6. The mean
concentrations are shown for these two profiles
and in addition the patients’ mean concentration
was also calculated excluding results earlier than
day -11 in order to avoid the bias of comparing a
relative excess of results obtained from blood
samples drawn from the mastodynia patients
earlier than day -11. The mean concentration of
the patients was significantly higher when
compared with the mean for controls (¢t =3.14,
df.=132, P<0.01), reflecting the evident
difference between these two prolactin profiles.

Although a similar divergence is seen (Fig. 7)
between the prolactin profiles of the control
women and the biopsied women (group D), the
mean concentrations are identical.

As with oestradiol, there was no difference
between the prolactin profiles according to
histological appearances. The example shown
(Fig. 8) is of the profiles for women whose biopsy
demonstrated adenosis (n =39) or no adenosis
(n=15). The mean prolactin concentrations are
almost identical.

DISCUSSION

The results recorded here are conflicting—the
differences found among women studied in the
evening were not found in the screened women
who provided morning blood samples. It is
possible that the method used in the morning,
obtaining only one blood sample from each
woman, was too imprecise to permit the detection
of relatively subtle differences. Also, it is
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Fig. 6. Control group and patients with severe cyclical
mastodynia: prolactin.
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Fig. 7. Control group and patients who have undergone
breast biopsy: prolactin.

recognised that the method used to ‘date’ blood
samples within the putative luteal phase was
subject to the variation in cycle length which may
have occurred in each woman studied. However,
this method successfully demonstrated the
cyclical variation of prolactin concentration
described by Vekemans et al. [21]. This cyclical
variation, which was detected in all four age
subgroups of the screened women (group A),
supports the validity of deriving luteal-phase
hormone profiles from single blood samples.
Similarly, subtle differences between the four age
subgroups in relation to age were detected in the
profiles of oestradiol and progesterone [22] but, as
noted above, there was no discrepant difference
between women with and women without
cyclical mastodynia within any age subgroup;
hence the results have been presented together.
The method used in the evening to study the
women of groups B, C and D (multiple rather
than single blood samples) may be open to the
same criticism that data may be distorted by
variation in cycle length. The hormone profiles
shown here and those of progesterone [22] appear
to validate the method, however, and suggest that
any variation in cycle length occurs principally in
the follicular rather than the luteal phase [23].
The results of the evening part of the study are in
some agreement with those of England and his
colleague [2, 11, 15]. Women with cyclical
mastodynia (‘fibroadenosis’) had an increased
concentration of prolactin during the latter part
of the luteal phase, and both these women and
women with biopsied breast disease had a higher
concentration of oestradiol in the latter part of the
luteal phase when compared with normal

o Without adenosis (n=15)
e With adenosis (n =39)

—12.9

Serum prolactin (tog pU/mL)

—23
| I 4 I 1 I 1 1 | LT
} & 14 12 10 8 € 4 2
Mean Days before menstruation
concentration

Fig. 8. Biopsied women (group D) with and without
adenaosis: prolactin.

women. When the biopsied women (group D)
were subdivided according to different histo-
logical appearances, however, no differences in
either oestradiol or prolactin profiles were found
within this group. Two examples, adenosis and
papillomatoid proliferation, are shown.

It is interesting to compare the results of the
present study with respect to cyclical mastodynia
with those reported for the distinctly separate but
related condition of pre-menstrual syndrome.
The concentration of prolactin is reported to be
increased in patients with pre-menstrual tension
[24] and the concentration of oestradiol is also
reported to be increased in these patients during
the latter part of the luteal phase [25, 26].

The disagreement between the morning and the
evening results of this study may arise from
possible differences between patients and
‘normals’ in the circadian variation of the
hormones studied, with divergence appearing in
the evening rather than in the morning. There are
already reports suggesting an altered circadian
rhythm of prolactin in breast cancer [27] and in
relation to certain breast cancer risk factors
[28-32], and in women with benign breast disease
[38]. While there is as yet insufficient data
regarding a circadian variation of oestradiol in
normal non-pregnant women, there are reports
indicating such a rhythm during the third
trimester of pregnancy [34, 35], with a higher
concentration in the morning and a lower
concentration in the evening, as was apparently
found in this study in the women studied in the
morning and in the control group studied in the
evening. Moreover, there is a close relationship
between the circulating concentrations of
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prolactin and oestradiol [36, 37], the prolactin
secretion response being enhanced by oestrogenic
stimulation [38]. This prolactin secretion
response has been demonstrated to be increased in
patients with benign breast diseast [39, 40] and
also, interestingly, in patients suffering from
cyclical oedema [41].

The results of the present study suggest that an
abnormality of oestrogen metabolism may be
responsible for some forms of benign breast
disease and that, when detected, an increased
concentration of prolactin may simply be a
marker for increased underlying oestrogenic
activity. The differences that exist between the

P. V. Walsh et al.

results of various studies may be due in part to
circadian variation in the hormones studied.
Since there is already evidence that the secretion of
pituitary gonadotrophins and ovarian steroids is
not only pulsatile but also that the rhythm of
secretion varies with the menstrual cycle [42],
further study of ovarian steroid hormones and
pituitary gonadotrophins and their rhythms in
relation to benign breast disease may be fruitful.
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