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women at young ages, as one would expect; there was also a
somewhat higher proportion aged over 70 compared with 30-69
years. There has been a tendency for the proportion of women
having very large families to decrease, and this was again
reflected by an increased proportion of women in the high
parous group at older ages. The data were originally examined
for those having three, four, or five or more children; it was
particularly in those having five or more children that the
proportion at the older age groups was higher.
One crucial point about this study is whether it was appro-

priate to assume that the relative risk of breast cancer is constant
within parity subgroups over a wide age range; unfortunately
this issue has not been adequately quantified. The nearest set
of data most relevant to this was a study by Miller et al,6 who
examined the parity for women in three provinces in Canada
registered with all forms of malignant disease in 1969-71. By
special inquiry parity for these women was obtained and com-
pared with the census data. The relative risk of breast cancer
in women having four or more children compared with nulli-
parae was similar in the age ranges 20-44, 45-54, and 55 years
and over.
Applying England and Wales incidence rates to the age

distribution of women by parity enabled the average age at
diagnosis to be estimated; the results approximate to the

findings of Woods et al.1 It was suggested that their result was
a reflection of variation in the age distribution of women by
parity, rather than any particular influence of parity on accelerat-
ing or slowing the date of presentation of breast cancer.

I acknowledge the financial support of the division of epidemiology
from the Cancer Research Campaign, and thank my secretary Mrs
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Barbara Staines for checking my calculations.
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Abstract

Profound changes in calcium metabolism occur during
pregnancy. The mother has to make available extra
calcium for fetal requirements while ensuring that her
plasma and bone calcium concentrations are satis-
factorily maintained. In a cross-sectional study plasma
concentrations of the major calcium-regulating hor-
mones-namely, calcitonin, parathyroid hormone, 25-
hydroxyvitamin D (25-OHD), and 1,25-dihydroxyvitamin
D (1,25-(OH),D)-were measured to establish their
interrelations during normal pregnancy. The major
changes observed were increases in the circulating
concentrations of 1,25-(OH)2D and calcitonin. Concentra-
tions of parathyroid hormone and 25-OHD remained
within the normal range.
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The increased concentrations of 1,25-(OH)2D enable
the increased physiological need for calcium to be met by
enhancing intestinal absorption of this element. The
simultaneous rise in calcitonin opposes the bone-resorb-
ing activities of 1,25-(OH)2D, thereby protecting the
integrity of the maternal skeleton. Maternal calcium
homoeostasis is thus maintained yet the requirements of
the fetus are fulfilled.

Introduction

The increased physiological requirement for calcium during
pregnancy presents a major challenge to maternal calcium
homoeostasis. The needs of the growing fetus have to be
supplied but at the same time maternal bone and plasma
calcium concentrations have to be maintained. If both these
conditions are to be fulfilled changes in the secretion of calcium-
regulating hormones must occur.
To determine the gestational changes in the secretion of

calcium-regulating hormones we measured the plasma con-
centrations of calcitonin, parathyroid hormone, and the vitamin
D metabolites 25-hydroxyvitamin D (25-OHD) and 1,25-
dihydroxyvitamin D (1,25-(OH),D) on four occasions during
entirely normal pregnancies in a cross-sectional study. Previous
studies either have been conducted only at the end of pregnancy
or have been incomplete as important hormones have not been
measured and details of the obstetric outcome have invariably
been lacking. Thus the full interrelations of the calcium-
regulating hormones in normal pregnancy have not been shown.
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Subjects and methods

SUBJECTS

Patients-We studied four groups of apparently healthy white
volunteers between the ages of 19 and 36 years. Each group consisted
of 10 or 11 patients, and venepuncture was performed between 10 and
12 weeks, 20 and 22 weeks, 30 and 32 weeks, or 36 and 40 weeks of
pregnancy. All the women had had a normal antenatal course up to
this time, and the gestational age had been accurately determined by
early ultrasound examination. No patient had taken any drugs apart
from iron and folic acid supplements for at least three months before
the sampling. All pregnancies were singleton and resulted in a full-
term delivery of a live healthy baby of appropriate weight. Venous
blood was taken between 1130 and 1330 but before the midday meal;
this coincided with the peak of calcitonin secretion' but avoided
adverse effects of recently absorbed fat on the assays. Most of the
samples were obtained between May and July to avoid seasonal
variations in vitamin D metabolites. Venous blood was collected into
cooled heparinised tubes and the plasma immediately separated. The
samples were stored at - 20°C until assayed.
Controls-Normal, non-pregnant female volunteers were used as

separate controls for each hormone measurement. None of these
women was receiving any drugs, and their age ranges were comparable
with those of the pregnant patients.
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FIG 1-Plasma 1,25-(OH)2D concentrations in controls and women
during pregnancy.

METHODS

Calcitonin concentrations were measured in plasma by either direct
radioimmunoassay (seven-day incubation) as previously described2
or in combination with an extraction technique.' The sensitivity was
2 pg/tube. Intra-assay and interassay variations were 6 4°% and 8 6%
respectively for the direct assay and < 10% and < 14% for the
combined extraction-assay system.

Parathyroid hormone concentrations were measured in plasma by
radioimmunoassay as previously described using antisera primarily
directed to the N terminal.' The sensitivity was 10 pg/tube, and intra-
assay and inter-assay variations were 7-6% and 9 2%1 respectively.
25-OHD concentrations were measured in plasma by a competitive

protein-binding assay as previously described.4 The sensitivity was

50 pg/tube, and intra-assay and interassay variations were 10 1%, and
13-2", respectively.

1 ,25-(OH),D concentrations were measured by a radioreceptor assay
using an intestinal receptor preparation5 and a modified extraction and
separation procedure by high-performance liquid chromatography
(G Abeyasekera and I MacIntyre, unpublished data). The detection
limit was 5 ng/l, and intra-assay and interassay variations were
< 100.

Statistical analysis-Two-tailed, unpaired Student's t tests using
log transformation were used for analysis of data. The Z2 test was
used for variables with large numbers of undetectable values.

Results

Figures 1 and 2 and the table show the results. Concentrations of
both 1,25-(OH)2D and calcitonin were appreciably increased during
each stage of pregnancy (figs 1 and 2). In the pregnant women concen-
trations of parathyroid hormone remained within physiological limits
but were lower than those in the controls; they were higher towards
the beginning and end of pregnancy but fell between 20 and 30 weeks.
Concentrations of 25-OHD decreased slightly towards the lower limit
of the physiological range during the latter half of pregnancy, but this
was not significant (table).

Discussion

Previous studies by our own group6 and otherS7- 0 have
shown increased concentrations of 1,25-(OH) 2D towards the
end of pregnancy. Our current findings confirm these results and
also agree well with those of Kumar et al," who observed
raised concentrations throughout pregnancy. The major action
of 1,25-(OH)2D is to maintain plasma calcium concentrations,
which is achieved by increasing the absorption of calcium from
the gut and by accelerating bone resorption. Our data thus
explain the enhanced intestinal absorption of calcium that is
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FIG 2-Plasma calcitonin concentrations in controls and women
during pregnancy.

Concentrations of calcium-regulating hormones in pregnant women compared
with non-pregnant controls

Pregnant women
Controls

10-12 20-22 30-32 36-40
weeks weeks weeks weeks

1,25-(OH),D
Mean concentration (ng/1) 29-5 63-1 81-3 79-4 100-0
t 4456 8-50 7-46 12-24
p <0 001 <0-001 <0-001 <0-001

Calcitonin
No of women with

concentration:
< 20 ng/l 41 2 1 1 4
20-40 ng/l 9 5 5 3 3
> 40 ng/l 0 4 4 7 3

X2(1 df) 17-57 20-74 22 71 5 83
p <0 001 <0 001 <0 001 <0-025

Parathyroid hormone
No of women with

concentration:
<lOOng/l 2 9 10 11 8
> 100 ng/l 20 2 0 0 2

x2(I df) 20-6 25-89 27-01 19-47
p <0-001 <0 001 <0.001 <0-001

25-OHD
Mean concentration (ng/l) 9 9 13-2 13-5 8-9 8-5
t 1-31 1 10 050 0-78
p NS NS NS NS

11
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found early in pregnancy and is further increased thereafter12 13
as 1,25-(OH).D concentrations rise still higher to attain maximal
values towards the end of pregnancy. Plasma concentrations of
25-OHD were mainly unchanged by pregnancy.
The increase in calcitonin concentrations during pregnancy

observed in this study confirms our earlier report2 and agrees
with the findings of most10 14-16 but not all other workers.17 18
This increase in secretion of calcitonin is of fundamental
importance. 1,25-(OH)2D has most potent bone-resorbing
activities,19 but these are opposed by calcitonin. The result of
the interaction between these two hormones is therefore pro-
vision of calcium for the fetus from the maternal gut and not
from the maternal skeleton.

Concentrations of parathyroid hormone remained rather low
throughout pregnancy. They declined during the second and
early part of the third trimesters, confirming the reports of
Cushard et a120 and Bouillon and De Moor.2' Our data provide
further evidence that a state of hyperparathyroidism does not
occur during pregnancy.9 10 22 These findings are at variance
with those of other workers.14 17 18 20 23 Drake et al4 found a
rise in parathyroid hormone concentrations after 21 weeks'
gestation, but the values in their study were all within the normal
range. Similarly, Pitkin et a117 found only a slight rise in con-
centration and again all values were normal. Supraphysiological
concentrations were found by Cushard et a120 and Bouillon and
De Moor2' but only at the end of pregnancy; recent studies have
not confirmed this finding.9 10 22 Thus despite many claims that
a state of hyperparathyroidism exists during pregnancy only two
studies18 23 have found raised concentrations of parathyroid
hormone throughout pregnancy; Reitz et a123 used C-terminal
antisera, and the characteristics of the parathyroid hormone
antisera of Conforti et all8 were not specified. Our antisera were
directed to the biologically active N terminal of the hormone.
While increased secretion of the hormone was previously
thought necessary to stimulate production of 1,25-(OH)2D
during pregnancy, it is now known that other hormones that are
increased during pregnancy, such as prolactin and human
placental lactogen, can directly effect increased production of
1,25-(OH)2D in primary chick kidney cell cultures,24 and it is
reasonable to suggest that similar mechanisms may occur in
man. Indeed, the concept of gestational hyperparathyroidism is
incompatible with other well-documented observations. A major
action of parathyroid hormone is to promote renal retention of
calcium, yet hypercalciuria is well recognised during pregnancy.
Additionally, increased activity of parathyroid hormone in
conjunction with raised concentrations of 1,25-(OH)2D would
enhance bone resorption and perhaps result in bone loss, but
this does not occur during normal pregnancy.25

Circulating calcitonin concentrations are extremely low in
non-pregnant women,26 and thus it is tempting to speculate that
failure to increase secretion of calcitonin during pregnancy
would permit unopposed bone resorption and might be import-
ant in the pathogenesis of the rare osteoporosis occurring after
pregnancy. In addition, increased production of 1,25-(OH)2D
demands adequate concentrations of 25-OHD, and thus women
who are already vitamin D deficient might rapidly develop
osteomalacia during pregnancy. Further studies are needed to
confirm or refute these suggestions.
We believe that our data on the interrelations of the calcium-

regulating hormones explain how the major stress of pregnancy
on calcium and bone metabolism is successfully countered and
suggest how certain pathological disorders of bone might
occasionally arise.

We are most grateful for the support of the Medical Research
Council and Laboratoires Besins Iscovesco for these studies, and for
the advice of Professor Michael Healey on the data presentation and
statistical analysis.
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OF NERVOUS DISEASES.

FEW things tend more to flrengthen the nervous fyflem than cold
bathing. This praaice, if duly perfifled in, will produce very extra-
ordinary effefis; but when the liver or other vifcera are obftru6led,
or otherwife unfound, the cold bath is improper. It is therefore to be
ufed with very great caution. The moft proper feafons for it are fummer
and autumn. It will be fufficient, efpecially for perfons of a fpare
habit, to go into the cold bath three or four times a-week. If the
patient be weakened by it, or feels chilly for a long time after coming
out, it is improper. (Buchan's Domestic Medicine, 1786.)


