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1,250H,D 1,25-dihydroxyvitamin D
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AJCC American Joint Committee on Cancer
ANOVA Analysis of variance
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Introduction

Breast cancer is the most common cancer in
females. A growing body of literature, includ-
ing epidemiologic, clinical and experimental
research, suggests that calcium and its regu-
lating hormones, i.e. vitamin D, parathyroid
hormone, PTH, and PTH-related peptide,
PTH P, may affect breast cancer risk [1-11].
PTH and vitamin D regulate the production
of each other, and both factors increase serum
calcium levels [12].

Experimental studies have shown that 1,25-
dihydroxyvitamin D (1,250H,D), the biolog-
ically active form of vitamin D, can inhibit
cellular proliferation, induce apoptosis and
inhibitangiogenesis in normal and malignant
breast cells [13]. Currently, vitamin D status
in humans is considered to be best estimated
by measuring plasma 25-hydroxyvitamin D
(250HD) levels [14] and three prospective
case-control studies have found a weak, sta-
tistically non-significant negative association
between 250HD levels and breast cancer risk
[15-17]. A randomised trial found a reduction
of breast cancer incidence in postmenopausal
women treated with vitamin D and calcium
supplements [9]. In that trial, there was also
a statistically significant negative association
between 250HD levels and cancer risk.

Many epidemiologic investigations have
found an increased risk of breast cancer in re-
lation to primary hyperparathyroidism, a con-
dition characterised by increased levels of PTH
[1-3, 18]. Experimental studies also suggest
that PTH has carcinogenic and tumour pro-
moting effects [19-21].

Serum calcium per se might affect breast
cancer incidence and aggressiveness. Calcium
isan importantintracellular messenger that is
involved in processes related to proliferation,
apoptosis and cell signalling [22]. Increasing
calcium concentrations decreases proliferation
and increases differentiation in breast cancer
cell lines [13], which would imply a tumour
protective effect. The calcium-sensing recep-
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tor, CaSR, is expressed both in normal [23]
and malignant breast cells [24] and its expres-
sion seems to be correlated with skeletal metas-
tasis [24, 25], suggesting a link between serum
calcium and breast cancer aggressiveness.

Calcium metabolism might also be influ-
enced by reproductive factors [26, 27]. It is
possible to hypothesise that interactions be-
tween vitamin D, PTH and calcium and re-
productive factors modify any associations be-
tween these factors and breast cancer risk.

Furthermore, several conditions may mod-
ify the relation between vitamin D, PTH, cal-
cium and the risk of breast cancer. High age
and obesity are associated with altered calcium
metabolism [28, 29], high levels of PTH [30,
31], low levels of 250HD [32], and, at least
in postmenopausal women, an increased risk
of breast cancer [33, 34]. It has also been sug-
gested that pre- and postmenopausal wom-
en may have different risk factors for breast
cancer [35] and that obesity may modify the
association between established risk factors
and breast cancer [34]. Several known risk fac-
tors of breast cancer, for example age, obesity,
and use of HRT [36, 37] have been shown to
specifically affect tumour biology, increasing
or decreasing the risk of more aggressive tu-
mours. Indeed, a previous study has suggested
that high vitamin D intake may decrease over-
all breast cancer risk and that this decreased
risk was especially related to aggressive breast
cancers [38].

Aim of the thesis

The aim of this thesis was to study the re-
lations between calcium, the calcium-regu-
lating hormones, i.e. vitamin D and PTH,
and breast cancer in two large cohorts:
the Malmé Preventive Project (MPP), in-
cluding 10,902 women altogether, with in-
formation on serum calcium levels and estab-
lished risk factors of breast cancer at baseline;

and the Malmé Diet and Cancer Study
11



Calcium metabolism and breast cancer

(MDCS), comprising 17,035 women, with
serum samples available for analysis.
Specifically, it was hypothesised that:

*  Serum calcium levels are positively associ-
ated with breast cancer risk

* Serum calcium levels are correlated to fe-
male reproductive factors, age and anthro-
pometric factors

¢ Serum calcium levels are associated with
breast cancer aggressiveness, as determined
by the risks of biologically different breast
cancer subgroups

* Vitamin D, as measured by 250HD levels,
is negatively, and PTH levels are positively,
associated with breast cancer risk

Breast cancer

Breast cancer is by far the most common can-
cer in women in the Western world, compris-
ingaround 30% of all cancers in women [39],
afflicting around 7000 women yearly in Swe-
den [40]. There are annually 1.15 million new
breast cancer cases worldwide. The life-time
risk of breast cancer in women in the indus-
trialised world is estimated to be around 11%
[33].

Even though screening, diagnosis and treat-
ment have improved so that 5-year survival in
the U.S. is now about 89%, breast cancer re-
mains the leading cause of death due to can-
cer in women [39]. Despite the fact that breast
cancer incidence has increased over the years,
mortality in the disease in many developed
countries has remained constant or has even
decreased [41].

Breast cancer incidence shows a striking
regional variance. It is lowest in Africa and
some parts of Asia, somewhat higher in Latin
America, and highest in industrialised coun-
tries. Moreover, incidence is inversely asso-
ciated with laticude — the further away from
the equator, the higher the risk of breast
cancer [39].
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Breast cancer biology

The initiation of breast cancer is a cellular,
multi-step genetic process, in which a series
of defences must be overcome, leading to the
classic malignant triad of growth, invasion and
metastasis. Normal and malignant breast tissue
is regulated both by systemic sex hormones,
such as estrogens and progesterones, and by
auto- and paracrine growth factors, such as
epidermal growth factors (EGF), fibroblast
growth factors (FGF) and insulin like growth
factors (IGF). Hence, breast cancer cells are
in intense interaction with their surroundings.
Thus, breast cancer, perhaps more than any
other cancer, is a systematic disease [42].

More than 95% of breast cancers are epi-
thelial tcumours, arising from the milk-produc-
ing glands (lobular carcinoma) or the drain-
ing ducts (ductal carcinoma) [42]. The cur-
rent WHO-classification recognises six ma-
jor histological types. Apart from the lobular
and ductal types these also include phyllodes
tumours, which are related to sarcomas, and
medullary, mucinous and tubular types [43].
Besides type, grade also incorporates a histo-
logic determination, which usually includes
mitotic counts, the extent of tubule formation
and the degree of nuclear atypia [44].

Modern molecular markers in breast cancer
such as the expression of estrogen and proges-
teron receptors, p53, cathepsin-D, KI-67 and
HER-2 receptors can aid in determining prog-
nosis, guiding therapy, predicting the response
to therapy and the risk of recurrence, and can
be used in research. Stage and grade, however,
still remain the most important determinants
of survival in breast cancer [45].

Metastasis follows a clear pattern, and usu-
ally occurs first in the ipsilateral axillary lymph
nodes. Lymph drainage usually passes one
lymph node first, the sentinel node, which is
the rationale of the current surgical technique
in the axilla (see below). Distant metastasis can
occur in bone and the liver and signifies incur-

able disease [42].



Stage refers to the clinical and/or patholog-
ical extent of disease, and is classified accord-
ing to the International Union against Cancer
(UICC/AJCC) classification [46]- T — tumour
size, N — presence and number of lymph node
metastases, and M — presence or absence of
distant metastasis, such as liver and bone.

Diagnosis of breast cancer

The most common presenting symptom is
a lump in the breast, but changes in size or
shape of the breast, bleeding or excretion from
the nipple, ulceration of the skin or enlarged
nodes are sometimes the first signs and symp-
toms of breast cancer. The cornerstone in ob-
taining a correct diagnosis is triple assessment,
which involves clinical examination, imaging
such as mammography and ultrasound, and
pathology. This enables a confident diagnosis
in 95% of cases [42].

Some countries offer mammographic
screening for women from around 40-50
years up until about 65-75 years of age. Ran-
domised clinical trials conducted in the 1970s,
with recent follow-ups, have shown a clear
reduction in mortality in screened vs. un-

screened [47, 48].

Treatment of breast cancer

The cornerstone of treatment is surgical exci-
sion of the primary tumour, either as a breast-
preserving procedure, or with removal of the
whole breast, mastectomy. With either proce-
dure, immediate or late reconstructive surgery
aiming at restoring the normal appearance of
the breast can be offered. After breast-conserv-
ing surgery, radiation therapy to the remain-
ing breast is usually recommended [42]. An
operation to determine axillary nodal status is
routinely performed, currently with the senti-
nel node technique. Pre-operatively, radioac-
tive material is injected close to the tumour in
the breast. During the operation, a blue dye
is injected peritumourally. The radioactivity
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and the dye travel with the lymphatics and ac-
cumulate in one or a few lymph nodes. With
radioguidance, these lymph nodes are excised
and sent for immediate pathologic analysis.
In the absence of nodal metastasis, no further
axillary operation is performed. When pres-
ent, a formal axillary lymph node dissection
is carried out [42].

If the breast cancer is estrogen-receptor
positive, therapy with anti-estrogens such as
tamoxifen and aromatase inhibitors is recom-
mended. The human epidermal growth fac-
tor receptor 2 (HER-2), a tyrosine kinase, is
involved in breast cancer progression. Breast
cancers that are positive for HER-2 can be
treated with trastuzumab (Herceptin®), a re-
combinant humanised monoclonal antibody
which targets HER-2 [49]. Chemotherapy is
indicated mainly for premenopausal women
with breast cancer [42].

Prognosis

If the tumour can be resected surgically and
there are no signs of metastasis, prognosis is
excellent. Even with limited axillary metasta-
sis, there is a good chance of long-term sur-
vival. With distant metastasis, the disease is
incurable. However, for all stages, a risk that
breast cancer will recur will remain for the rest
of the patients life [45], which is in contrast
to most other cancers, which are considered
cured if there is no recurrence within five years
of completed treatment. However, the biologic
behaviour of breast cancer is remarkably indi-
vidual, with patients with disseminated disease
sometimes surviving for years, whereas others
rapidly succumb.

Risk factors for breast cancer

Age is the most important risk factor. Before
age 30, breast cancer is exceedingly rare. In-
cidence increases until the age of 80. When
grouped together, women older than 65 years
of age have a 5.8 fold increased risk of breast
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cancer as compared to those younger than 65
years of age [33].

Having a mother or a sister with breast can-
cer increases breast cancer risk four-fold [33].
In the 1990s, two major susceptibility genes
for breast cancer, BRCA1 and BRCA2 were
identified [50, 51]. Women with germ line
BRCA1/BRCA2 mutations have an estimat-
ed life-time risk of breast cancer of 65% and
45%, respectively [52]. However, the majority
of familiar breast cancer cases are not due to
mutations in these genes. Rather, breast cancer
susceptibility is polygenic: several genes, each
with a small effect, contribute to breast cancer
risk. Technological advances have made it pos-
sible to analyse hundreds of thousands of sin-
gle nucleotide polymorphisms (SNPs, which
are DNA sequence variations occurring within
a single nucleotide). These genome-wide as-
sociation studies have identified novel breast
cancer susceptibility loci, pointing to further
plausible causative genes [53].

Previous benign breast disease, exposure to
ionising radiation, and dense breast parenchy-
ma as defined by mammography are risk factors
associated with a two to four times increased
incidence. Early menarche, late first full-term
pregnancy, nulliparity, late menopause and ex-
posure to HRT are all associated with a dou-
bled risk [33]. Users of oral contraception have
ahigher risk as compared to non-users, but this
risk declines when stopping, and in ten years
returns to that of non-users [54].

High incidence has also been reported for
obese postmenopausal women and for wom-
en in affluent socio-economic groups. Breast-
feeding, early oophorectomy and physical ac-
tivity are all associated with a reduced inci-
dence of breast cancer [33, 55, 56].

Diets with a high glycemic index and al-
cohol consumption have been associated with
a very modest buc statistically significant in-
crease in breast cancer risk [33, 57]. Anthro-
pometric factors also affect breast cancer risk
and a high BMI is a risk factor for breast cancer
in postmenopausal women [33, 34].
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Some of these risk factors also influence
breast cancer behaviour, i.e. aggressiveness.
For instance, it was found that users of HRT
had an increased risk of breast cancer, but this
increase was mainly seen in small, low-grade
tumours without metastasis, i.e. tumours with
better prognosis [58]. Importantly, some risk
factors might interact with each other, syner-
gistically increasing or decreasing breast cancer
risk. For example, the relative risk associated
with alcohol consumption increases as a func-
tion of increased BMI, while the relative risk
associated with BMI increases as a function of
patient age. Several models have been devel-
oped to assess the interactive effect of multiple
risk factors on overall patient risk [33].

Calcium metabolism

Extracellular calcium is the most tightly reg-
ulated ion in humans. Most of the calcium
(99%) in the body is stored in the skeleton,
which serves as a reservoir of calcium. Circu-
lating calcium thus constitutes only a small
fraction of total body calcium. In blood, ap-
proximately 47% of calcium is free (ionised),
46% is bound to different proteins, mainly al-
bumin, and the rest is bound to small ions.

In its ionised form, calcium serves as an
intracellular messenger that participates in
muscle contraction, neurotransmission, en-
zyme and hormone secretion, cell cycling and
gene expression. Thus, calcium controls a wide
range of essential cellular functions [22]. The
extracellular free calcium is tightly regulat-
ed by PTH and 1,25-dihydroxyvitamin D
(1,250H,D).

Calcium-regulating
hormones

Parathyroid hormone (PTH)

The parathyroids are small glands located
close to the thyroid, hence their name. Usu-



ally numbering four, they sense the extracel-
lular calcium level by means of the calcium-
sensing receptor (CaSR) and in a negative
feed-back adjust their secretion of PTH ac-
cordingly [59]. PTH acts on PTH-receptors
(PTHRI) found mainly in bone and kidney
and its net effect is an immediate increase in
serum calcium [60]. Thus, PTH is the main
regulator of short-term serum calcium levels.
PTH has a half-life of only about three to eight
minutes and is rapidly degraded in the circu-
lation [61].

Vitamin D

The main source of vitamin D is endogenous
synthesis in the skin where vitamin Dj is pro-
duced from 7-dehydrocholesterol under the
influence of ultraviolet radiation, e.g. sunlight;
another source is through the diet, as vitamin
D, (from plants) or vitamin Dj; (from ani-
mals), either in food or as supplements [62].
Vitamin D is further transformed through en-
zymatic steps, first in the liver, to 250HD,
and secondly in the kidney to the active form
1,250H,D. Both 250HD and 1,250H,D
exist in D, and D; forms.

250HD is currently considered the best
marker of human vitamin D status, since it
has a long serum half-life, about three weeks.
250HD thus indicates vitamin D stores ob-
tained from both ultraviolet irradiation and
dietary intake over long periods [14].

Vitamin D is technically not a true vita-
min since it can be produced endogenously.
Moreover, the term vitamin D does not refer
to one single substance, but rather to a family
of biochemically related steroid molecules, all
with different biological properties.

Active vitamin D, 1,250H,D, exerts its
effects by binding to vitamin D-receptors,
VDRs. These are found in the cell nucleus,
where the ligand-receptor complex interacts
with genomic DNA and selectively induces
transcription and expression of certain genes

[63]. They are also found in the cell mem-
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brane, where they are localised in flask-like in-
vaginations called caveolae. These membrane
VDRs are responsible for the more immediate
actions of 1,250H,D, such as the enhance-
ment of intestinal calcium absorption [63].

The relation between
vitamin D and PTH

PTH increases conversion of 250HD into
1,250H,D by acting on the renal enzyme 1-
a-hydroxylase. Both 250HD and 1,250H,D
acton the parathyroids to suppress PTH-pro-
duction [64], and 1,250H,D also decreases
parathyroid cell proliferation [65]. Low levels
of 250HD lead to decreased intestinal calci-
um absorption, causing a secondary increase in
PTH [66, 67], which can be lowered by orally
substituting vitamin D [66]. Hence, PTH and
vitamin D are physiologically inversely related
to each other. Several cross-sectional studies
have found statistically highly significant but
rather weak inverse correlations between PTH
and 250HD levels, with relation coefficients
(7) not exceeding —0.39 [68].

Calcitonin

The role of calcitonin, a 32-amino acid pep-
tide secreted by the C-cells of the thyroid, in
human calcium metabolism is unclear. Cal-
citonin inhibits bone resorption and is used
therapeutically in diseases such as Paget’s dis-
ease and hypercalcemia of malignancy [22].
Its physiological role in calcium metabolism
in humans, if any, has been challenged since
absence of calcitonin (for example, after thy-
roidectomy) does not seem to affect calcium
metabolism [22].

Diet and calcium metabolism

Dietary calcium

About 70% of dietary calcium comes from
milk and dairy products, mainly cheese [69].
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Commonly, fruit juices, soft spreads, wheat
flour, milk and milk products such as yoghurts
are fortified with calcium [70]. Calcium is
widely available as non-prescription multivi-
tamin supplements, and is prescribed as pro-
phylaxis and treatment for several conditions,
most notably osteoporosis. In many countries,
including Sweden, the recommended daily
allowance (RDA) is about 900 mg/day [71],
rising to 1200 mg/day for adolescents and the
elderly [70].

Dietary vitamin D

Vitamin D occurs naturally as vitamin Dj,
in some animal foods, especially fat fish [72].
Currently, many foods, such as cereals, milk,
milk products, and fruit juices are fortified
with vitamin D [72], either with vitamin D,,
manufactured from yeast ergosterol, or vita-
min Dj;. Studies indicate that vitamin Dj is
more effective than vitamin D, in terms of rais-
ing serum 250HD levels [73-75] but current
dietary and supplementary recommendations
do not distinguish between the two [71, 72].
The RDA for vitamin D is around 400 IU (10
pg) in many countries [72], including Sweden
[71]. Low 250HD levels and high dietary
phosphates decrease intestinal calcium absorp-
tion [76]. It has been suggested that increasing
the amount of calcium ingested directly affects
the metabolism and leads to corresponding
lower serum levels of 250HD [77].

However, despite large fluctuations in the
ingested amounts of calcium and vitamin D,
serum calcium remains within very narrow
limits, due to the immediate effects of circu-
lating PTH [22].

Calcium metabolism
in normal breast tissue

Breast milk contains large amounts of calcium
to supply the needs of the growing skeleton in

the newborn. During lactation, the mammary
gland excretes PTH-related peptide, PTHrD,
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which mediates the release of calcium from
the maternal skeleton for transfer to milk, thus
functioning as an accessory parathyroid gland
[11]. In humans, PTHrP is composed of ei-
ther 141 amino acids, or, due to alternative
splicing, 139 or 173 amino acids. It shares
considerable N-terminal sequence homolo-
gy with PTH and acts on the same receptor
[78]. It functions as a local autocrine or para-
crine factor with several important physiologi-
cal roles, including the regulation of chondro-
cyte growth and differentiation of the growth
plates of developing long bones [78]. Studies
in animals suggest that PTHrP also regulates
mammary development [79]. It has similar
physiologic effects as PTH in terms of calci-
um metabolism.

During lactation, an increase in 1,250H,D
isalso seen, probably mediated by PTHP act-
ing on renal 1-a-hydroxylase.

Calcium metabolism and
female sex steroid hormones

Estrogens given perorally or parenterally de-
crease serum total and ionised calcium con-
centrations, and total plasma calcium rises at
menopause [80]. Estrogen administration to
postmenopausal women increases the con-
centration of serum 1,250H,D, perhaps
by increasing the conversion of 250HD to
1,250H,D in the kidney [81].

One 7n vitro study showed that estradiol
and/or progesterone stimulates PTH-secre-
tion from human parathyroid tissue [82], but
other experimental work found no evidence
of estrogen receptors in bovine parathyroid
glands nor in parathyroid adenomas [80].
Hence, there has been considerable disagree-
ment regarding the effects of estrogen on the
regulation of PTH-secretion; it has been re-
ported that estrogen reduces the set-point for
PTH release by calcium butalso that estrogen
has no effect on the relationship between cal-
cium and PTH-secretion [83].

Perhaps physiologically more important is



the effect of estrogen on skeletal responsive-
ness to PTH. Under normal circumstances,
PTH releases calcium from the skeleton, not
by directly activating osteoclasts but rather
through the stimulation of osteoblasts to se-
crete cytokines. These act on osteoclast pro-
genitor cells and induce differentiation into
mature osteoclasts, which resorb bone and
release calcium [84]. Estrogen, via the estro-
gen receptor, blocks this PTH-stimulated os-
teoclast formation [84, 85]. This mechanism
might be responsible for the calcium-decreas-
ing effect of estrogen.

Disorders related to
calcium, vitamin D and PTH

The two most common causes of clinical hy-
percalcemia are pHPT, primary hyperparathy-
roidism and HHM, humoral hypercalcemia
of malignancy, respectively [86]. Some rare
causes are granulomatous disorders, such as
sarcoidosis, which produce 1,250H,D. He-
reditary defects in any of the calcium-regulat-
ing hormones, the most common of which is
FHH, familial hypocalciuric hypercalcemia
(which is usually due to a mutation in the
CaSR [87]) can also, though rarely, be the
cause of hypercalcemia. Renal failure can be
complicated by secondary hyperparathyroid-
ism, with or without hypercalcemia.

Primary hyperparathyroidism

Primary hyperparathyroidism is not uncom-
mon and is usually due to a benign adenoma
in one of the parathyroid glands. Sometimes
hyperplasia of several glands is seen and very
rarely parathyroid carcinoma is the underly-
ing cause.

PHPT most commonly afflicts postmeno-
pausal women; in these, the prevalence is
about two percent, but the disease can occur
in both sexes at any age [88].

Classically, pHPT used to present with re-

nal stones, osteoporosis, and constipation. To-
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day, most patients are diagnosed with milder
disease [60]. Neuropsychiatric and cognitive
symptoms, such as lowered mood, memory
impairment, muscular weakness and fatigue
are common presenting symptoms of pHPT
[89]. The disease can have a mild and pro-
tracted course, but long-term studies suggest
that pHPT carries an increased risk of osteo-
porosis, cardiovascular disease and possibly
also cancer [90].

Treatment consists of surgical removal of
the diseased gland(s). In experienced hands,
this has a success rate of 95-99% with mini-
mal morbidity and almost no mortality. Since
symptoms are sometimes diffuse, the policy on
whom to treat has been controversial. A recent
NIH guideline states that only symptomatic
individuals or those with serum calcium above
2.85 mmol/l should be offered surgery [89].
Others have advocated surgery for everyone
with the disease, citing the excellent results
achieved by surgery [91].

Humoral hypercalcemia
of malignancy

A common complication of advanced can-
cer is hypercalcemia, so called humoral hy-
percalcemia of malignancy, HHM. This is
usually caused by parancoplastic production
of PTHrP, and in fact, this condition led to
the discovery of that peptide [92]. HHM is
a common complication of advanced breast
cancer, perhaps reflecting the physiologic im-
portance of PTHrP expression in the lactat-
ing breast [93].

Vitamin D deficiency

Defining optimal vitamin D intake and serum
250HD levels has been controversial [62].
Severe vitamin D deficiency causes rickets, a
serious bone disease characterised by abnor-
mal mineralisation. Until recently, recom-
mendations on vitamin D intake and serum
250HD levels were based on the amount
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needed to cure rickets [94], which roughly
corresponds to 250HD levels of about 27.5
nmol/L [75].

However, recently, the importance of vi-
tamin D for organs and systems outside the
skeleton has been highlighted [63]. Research-
ers have employed several different methods
to define sufficient vitamin D levels based on
physiologic, clinical and experimental data.
For instance, it was shown that intestinal calci-
um absorption is optimal at 250HD levels of
approximately 80 nmol/L [95]. Another way
of defining 250HD-sufficiency is by examin-
ing the optimal concentration for the enzyme
responsible for converting 250HD into the
active metabolite, 1,250H,D. This concen-
tration, the K, is around 100 nmol/L [63].

Yet another way has been through measur-
ing PTH. Since PTH is inversely correlated
with 250HD, an increase in 250HD leads
to a decrease in PTH, up to a 250HD level
of about 78 nmol/L [96], where PTH levels
plateau.

Using multiple clinical outcomes, such as
bone and oral health, fall tendency, and pre-
vention of colon cancer, a recent review con-
cluded that 250HD levels of at least 75-100
nmol/L were required [97].

Thus, based on physiological, clinical
and experimental reasoning, several authors
agree that 250HD levels of at least 75 nmol/
L are needed [98] for vitamin D sufficiency.
With this definition, vitamin D deficiency is
widespread [62, 99], affecting the majority
of Swedes, at least in winter [100]. Risk fac-
tors for vitamin D insufficiency include poor
diet and lack of exposure to sunshine. Risk
groups thus include the elderly, institution-
alised people, and immigrants. Treatment is
simple, by oral substitution. There is currently
no consensus on optimal dose but most au-
thors conclude that substantially higher in-
takes than those currently recommended are

needed [94, 99].
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Calcium, vitamin D,
PTH and breast cancer

Experimental studies

Calcium

Increasing calcium concentrations decreases
proliferation and increases differentiation in
breast cancer cell lines 772 vitro [13]. The calci-
um-sensing-receptor, CaSR, is expressed both
in normal [23] and malignant breast cells [24]
and its expression seems to be correlated with
skeletal metastasis [24, 25], which could indi-
cate a relationship between serum calcium and
tumour aggressiveness. Extracellular calcium
downregulates the estrogen receptor in breast
cancer cells, and this is mediated by the CaSR
[101], which could also imply an association
between serum calcium and tumour aggres-
siveness. It has also been reported that calcium
releases the growth inhibition of 1,250H,D
on breast cancer cells [102], indicating a pos-
sible tumour promoting effect of extracellu-
lar calcium.

Vitamin D

Both the vitamin D receptor, the VDR and
the converting enzyme, the 1-a-hydroxylase,
are expressed and dynamically regulated in
the normal mammary gland [4]. Experimen-
tal studies have shown that 1,250H,D can
inhibit cellular proliferation, induce apop-
tosis and inhibit angiogenesis in both nor-
mal and malignant breast cells [13]. More
specifically, 1,250H,D; has been shown to
reduce the proliferation of MCF-7 and BT-
20 cell lines regardless of their sex steroid
receptor status [103]. Experiments on in-
duced mammary tumours in Sprague Daw-
ley rats found that 1,250H,D; given at non
toxic doses reduced the tumour proliferation
[103]. Furthermore, studies with mice lack-
ing VDRs, so-called knock-outs, showed that
these had abnormal ductal morphologic fea-



tures, increased incidence of preneoplastic
lesions and accelerated mammary tumour
development [4]. 1,250H,D has also been
shown to arrest cell cycling, thus inhibiting
proliferation [104]. However, doses needed
to achieve these antitumoral properties are
much higher than those usually found in the
circulation [4].

PTH and PTHrP

PTH and PTHrP share the same receptor,
PTH-receptor 1, PTHRI [105], which is ex-
pressed both in normal and malignant breast
tissue [106]. The expression of PTHRI in
breast cancer cells promotes their autocrine
proliferation [21]. Both PTH and PTH:P
have carcinogenic and tumour promoting ef-
fects [19-21, 106-108]. PTHrP is also related
to breast cancer aggressiveness in that its ex-
pression in breast cancer predicts future bone
metastasis [109, 110] and correlates with poor
prognosis [111].

PTHIP is often expressed in bone metas-
tases [112]. Extracellular calcium increases
the production of PTHrP in breast cancer
cell lines, and it is been suggested that serum
calcium participates in a vicious circle, where
PTHrP-induced bone resorption raises serum
calcium, which then acts to further increase

PTH: P production [24].

Epidemiological
and clinical studies

Calcium

Studies on dietary calcium and breast cancer
incidence have generally found negative cor-
relations. Some of these studies have been hos-
pital based case-control studies, with poten-
tial confounding, and others have been small
and/or not controlled for known risk factors
of breast cancer, reviewed by Cui and Rohan
[13]. This review concluded that the poten-
tial association between dietary calcium and
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breast cancer risk is uncertain and needs fur-
ther investigation.

Two cohort studies found that serum cal-
cium and untreated hypercalcemia were both
positively associated with an increased risk of
death during a follow-up 0f 10.8 and 14 years
respectively [113, 114].

Prior to the current thesis there has been
no prospective cohort study on serum calcium
and breast cancer incidence.

Vitamin D

Ecological studies have found higher breast
cancer incidence in sun poor regions [115]
and inverse relations between sun exposure
and breast cancer risk [13]. On the other
hand, studies comparing intake of vitamin D
with breast cancer risk have been inconclu-
sive [13].

Cross-sectional case-control studies have
indicated a protective effect of serum 250HD
levels in breast cancer [116-118]. Three pro-
spective case-control studies have found a
weak, statistically non-significant negative as-
sociation between 250HD levels and breast
cancer risk [15—17]. On the other hand, a
randomised trial found a reduction of breast
cancer incidence in postmenopausal women
treated with vitamin D and calcium supple-
ments [9]. In that trial, there was also a statis-
tically significant negative association between
250HD levels and cancer risk.

The risk of breast cancer in relation to
1,250H,D has been investigated in at least
three prospective studies [15, 16, 119], with
weak and inconsistent findings, none of which
were statistically significant.

PTH

At least four record-linkage studies have found
a weak positive correlation between risk of
breast cancer and primary hyperparathyroid-
ism [1-3, 18]. Three of these [1, 2, 18] linked
data on surgery for pHPT with cancer inci-
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dence in the Swedish Cancer Registry. Anal-
yses were based on a large number of pHPT
patients, ranging from 4,163 to 9,835. Stan-
dardised incidence ratios (SIRs) for breast can-
cer in treated pHPT were calculated and found
to be 1.27-1.44. One study [3] linked pHPT
diagnoses in the Danish national inpatient reg-
istry with the Danish national cancer registry
and found an SIR of 1.43.

Materials and methods

The City of Malmé -
population at risk

Malms is the third-largest city in Sweden, with
apopulation 0f 280,801 as of 1** January, 2008
[120]. It is situated in one of the regions with
the highest breast cancer incidence in Sweden
—178/100,000 as compared to the average in
Sweden of 154/100,000 [40]. Incidence in-
creased when mammography was introduced
in a screening trial in 1976, and again when
screening was made available for all women

aged 50-69 years in 1990 [40].

The Malmo Preventive
Project - MPP

The Malmé Preventive Project was estab-
lished in 1974. It invited participation by
entire birth-year cohorts of Malmé residents
(in females the birth-year-cohorts of 1926,
1928, 1930, 1931, 1932, 1934-1936, 1938,
1941, 1942 and 1949). It was directed against
cardiovascular diseases, diabetes mellitus and
alcohol abuse. In an outpatient clinic, partic-
ipants filled out a comprehensive question-
naire containing 260 questions using a com-
puter. Questions centred on family history
of cardiovascular disease, hypertension and
diabetes; smoking habits and signs of high
alcohol consumption; physical activity and
socioeconomic factors. The questionnaire was
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revised several times during the project.

Subjects had their weight and height mea-
sured when wearing light indoor clothing and
BMI was calculated (kg/m?). Blood pressure
and pulse rate were measured twice after ten
minutes rest in the supine position. Routine
blood tests were taken, including electrolytes,
liver enzymes, hemoglobin, creatinine, triglyc-
erides and cholesterol.

Individuals at risk (for example, smokers,
those who were obese, those with high alcohol
consumption) and those with signs and symp-
toms of disease were offered individualised ad-
vice and treatment in a nearby unit, with refer-
ral to specialists when needed [121].

When the department closed in 1992,
10,902 women had been examined [122]
corresponding to an overall attendance rate

of 70%.

The Malmé Diet
and Cancer Study — MDCS

This cohort was set up as an epidemiological
project to study the association between dietary
factors and cancer incidence [123]. Between
1991 and 1996 it recruited men and women in
Malmé born between 1923 and 1950. Outofa
population of 74,138 subjects, 68,905 eligible
individuals were invited. A total of 28,098 re-
spondents (40.8%) completed baseline exami-
nation, which included dietary assessment, a
self-administered questionnaire, anthropomet-
ric measuring and collection of blood samples.
The questionnaire assessed socioeconomic fac-
tors and life-style factors, medications, and
previous disease, but also included questions
on subjective well-being, weight changes and
physical activity [124]. In all, 17,035 women
completed all study parts [124].

Dietary assessment consisted of a menu
book, a diet history questionnaire and a di-
etary interview. In the menu book, partici-
pants recorded meals, beverages and dietary
supplements over seven consecutive days. Data
from the menu book, the questionnaire and



interview were coded and converted into nu-
trient intake data [125]. Height, weight, waist
and hip circumferences were measured by a
trained nurse. BMI was calculated as kg/m?.
Even in the planning stage, great care was
taken to ensure proper registration, mainte-
nance and handling of biological specimens
linked to the cohort, such as blood and se-
rum samples [126], which were stored at

-80°C [127].

Study populations

Papers I, IT and III are all based on the MPP
cohort, which in total comprises 10,902 wom-
en. In papers I and I1I, information on repro-
ductive factors including menopausal status
was considered necessary for analyses. Items in
the baseline questionnaire focussing on repro-
ductive factors were introduced in April 1983.
Women included in the project from this date
and onwards and who had given information
on their menopausal status were selected for
analysis in papers I and I1I (7=8,051). Serum
calcium had been measured in 8,004 of these.
A total of 157 women with prevalent inva-
sive breast cancer at baseline were excluded.
Papers I and III are therefore based on 7,847
women.

In paperI1, all women examined following
April 1983 were selected (n=8,161), accepting
the fact that some of these had no information
on menopausal status. Out of these, 8,114 had
information on serum calcium levels and this
group was used for analysis in paper I1.

In paper IV, 766 incident breast cancer
cases were identified within the MDCS, and
764 out of them had blood samples drawn at
baseline. Incidence density matching, using
age as the underlying time scale, was used in
order to select one control for every case. This
meant that individuals with incident breast
cancer, i.e. cases, could themselves serve as
controls for cases which had been diagnosed
earlier. Matching criteria were calendar time
at inclusion (+/— 15 days), menopausal sta-
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tus (pre- vs. peri-/post) and age at inclusion
(+/— 2 years).

The narrow time span for time of inclusion,
i.e. ime of blood donation, was given high pri-
ority, as 250HD levels have a marked seasonal
variation. In all, 760 case-control pairs were
exactly matched according to the above crite-
ria. Age at baseline was relaxed to +/— 3 years
in 2 pairs, and to +/— 4 years in 2 pairs.

Controls were originally matched to cases
at a 2:1 ratio, but only one control for each
case was used in the laboratory analyses. The
rationale for matching on two controls was
to be able to use another control when there
was no serum available for the first. Following
sample retrieval, thirteen individuals had in-
sufficient amounts of serum. Nine were cases
and could not be replaced, leaving four con-
trols. One pre-matched control was already
part of another case-control pair. In all, three
new individuals replaced three original con-
trols. Finally, 1,483 unique individuals were
included in the study, corresponding to 1,528
observations (764 case-control pairs).

Laboratory analyses

Investigations in papers I-IIT are based on re-
sults of blood samples drawn and analysed
at inclusion. In the morning, after an over-
night fast, all subjects gave a blood sample,
which was centrifuged and analysed immedi-
ately. Calcium was measured photometrical-
ly by the laboratory at the Dept. of Clinical
Chemistry, University Hospital of Malmé, on
a PRISMA multi-channel autoanalyser (Clini-
con AB, Bromma, Sweden). The coefficient of
variation (CV) was 1.52% [128]. The refer-
ence value for adult women for serum calcium
during this period was 2.20-2.60 mmol/L.
In paper IV, serum from cases and controls
was retrieved from the MDCS biobank. Sam-
ples had not been previously thawed. Serum
was analysed for 250HD,, 250HD;, PTH,
calcium, phosphate, creatinine and albumin.
Case-control pairs were analysed in a random
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sequence with regard to the case-control or-
der and with regard to time of baseline exam-
ination. Cases and controls in the same pairs
were always examined in the same batch, ex-
cept for one control that had to be replaced,
as described above.

250HD, and 250HD; were analysed
with high pressure liquid chromatography
(HPLC) and PTH with the Immulite® 2000
Intact PTH immunoassay (Diagnostic Prod-
ucts Corporation, Los Angeles, CA). Total
calcium was analysed by neutral carrier ion-
selective electrode [129], albumin by rate im-
munenephelometry [130], and phosphate by
a colorimetric method by complexing with
amonniummolybdate and creatinine by the
Jaffé method. These analyses were carried
out with the Synchron LX System (Beckman
Coulter Inc., Fullerton, CA.)

All laboratory measurements were normal-
ly distributed except for PTH. CVs were for
250HD, 8.0% at 65 nmol/L and 6.8% at
190 nmol/L, for 250HD; 8.5% at 70 nmol/
L and 7.1% at 210 nmol/L, for PTH 4% at
5.9 pmol/L and at 40.3 pmol/L, for calcium
2% at 2.00 mmol/L and at 3.10 mmol/L,
for albumin 4% at 25 g/L and 2% at 48 g/L,
for creatinine 12% at 34 pmol/L and 4% at
129 pmol/L, and for phosphate 3% at 0.66
mmol/L and 5% at 2.5 mmol/L. The labora-
tory of the department of Clinical Chemistry
at Malmé University Hospital is accredited by
Swedac (The Swedish Board for Accreditation
and Conformity Assessment) and takes part
in the external quality assurance program of
Instand e.V., Diisseldorf, Germany.

Cancer endpoints
and vital status

The Swedish Cancer Registry was set up in
1958. By law, all malignant tumours and cer-
tain benign tumours diagnosed in Sweden
must be reported to the registry [40].

Breast cancer cases, invasive and in situ,
were retrieved by record linkage with the
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Swedish Cancer Registry and the Southern
Swedish Regional Cancer Registry. The na-
tional register is complete, with a one-year de-
lay. The Southern Swedish Regional Tumour
Registry has provided up-to-date information
on cancer incidence in the south of Sweden
since it was established in 1977 [131].

All deaths and causes thereof must be re-
ported to the Swedish Cause-of-Death registry
(SCDR), which was set up in 1911. It con-
tains, among other things, the deceased indi-
vidual’s name, the civil registration number,
cause of death, and date of death [40].

The Swedish Cancer Registry and the
Swedish Cause of Death Registry have been
validated and found to have a completeness
of about 99% [131]. The SCDR has a de-
lay of about two years, and up-to-date vital
status was also retrieved from the Population

Registry.

Histopathologic
examinations

In paper III, tumour samples were re-evalu-
ated by two senior pathologists. Histologic
type was determined according to the WHO
classification [43]. Tubular formation, nuclear
atypia and mitotic index were determined ac-
cording to the Nottingham classification, as
described previously [44], where each param-
eter is graded from one to three. The presence
or absence of axillary lymph node metastasis,
and tumour size in mm were determined from

pathology reports.

Statistical methods

Multivariate analysis was used to determine
relative risks (RR) and odds ratios (OR) of
breast cancer in different quartiles of calcium
(papersIand IV) and 250HD and PTH (pa-
per IV). Quartile cut-points for these analytes
were based on the distribution for women in
the study cohort excluding those with preva-
lent cancer of any site (not including cervical



cancer in situ) in paper I, and in controls in
paper IV. In paper 111, the cohort was dichot-
omised (due to having small subgroups) based
on serum calcium levels using the same crite-
ria as in paper I. Cox’s proportional hazards
analysis was used to estimate relative risks of
breast cancer in different calcium quartiles in
paper I and breast cancer subgroups in pa-
per III. In paper IV, unconditional and con-
ditional logistic regression was used to calcu-
late odds ratios with 95% confidence inter-
vals (CI). Potential confounders and known
risk factors of breast cancer were introduced
as covariates. Missing covariates were coded as
separate categories for categorical factors, and
means for all subjects with data were used for
subjects with missing values on albumin, cre-
atinine and phosphate. Separate analyses were
made in pre- vs. peri-/postmenopausal women
and in different strata of BMI, i.e. BMI < 25
vs. BMI > 25 (overweight and obese women).
All analyses were repeated, excluding cases di-
agnosed within two years following baseline
examination.

In paper I, the association between serum
calcium and reproductive and selected life-
style factors was investigated. Means of serum
calcium were calculated in different catego-
ries of the studied factors. An ANOVA and a
Student’s t-test with Bonferroni’s correction
were used to test differences in calcium lev-
els between different categories of the studied
factors. All tests were two-sided and a p-val-
ue less than 0.05 was considered statistically
significant.

All women were dichotomised into ‘low’
(£2.34 mmol/L) and ‘high’ (22.35 mmol/L)
calcium levels, the median of the study cohort.
Then, ORs with 95% Cls were calculated for
‘high’ vs. ‘low’ calcium levels in relation to the
studied factors, using an unconditional logis-
tic regression analysis. The second model was
adjusted for age and a final model included all
studied factors. Calcium levels were approxi-
mately normally distributed and the relation
between different factors and calcium levels
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was further investigated using multiple linear
regression analysis. All categorical variables in
the linear regression analysis were transformed
and entered as multiple categorical variables.
Partial regression coefficients (B;) with 95%
confidence intervals, adjusted for all other fac-
tors, were reported.

Statistical analyses were performed with
SPSS versions 13.0 through 16.0 (SPSS Inc.
Chicago, IIL.).

Ethical considerations

Ethical approval was given for all projects in-
cluded in the thesis (LU 51-90, LU 639-03,
Dnr 652/2005 and Dnr 23/2007). Partici-
pants in the MPP were not recruited primar-
ily for research, but with the goal of reducing
their risk and treating disease. The MDCS
had a primary research objective and subjects
gave informed consent at entry. Additionally,
for the purpose of the present analyses, former
participants in the MPP and the MDCS were
informed of the aim and of the possibility of
withdrawing from the study, by advertising in
local newspapers.

In paper I-1II, no new information on
subjects was generated, and results were not
deemed to have implications on an individual
level. Thus, it can be considered that partici-
pants suffered no risk of harm due to these
studies.

In paper IV, the situation was different as
blood donated by subjectively healthy indi-
viduals was analysed and new information was
obtained. As expected, there were incidental
findings, with blood chemistry measurements
outside the reference range, potentially indi-
cating disease. It was decided not to inform
study participants of these incidental find-
ings. This was based on current ethical rec-
ommendations [132]. There were several rea-
sons. First, these incidental findings related to
asituation 1217 years ago, and their current
relevance to participating individuals could be
questioned. Second, a proportion of all analy-
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ses in a healthy population are expected to be
outside the reference limit, for example the
reference limits for laboratory analyses often
include only 95% of all individuals. That s, a
false-positive rate of five percent can be expect-
ed. Third, participants in the MDCS agreed
to participate in a research project; they were
not informed that they were to be contacted
considering every subsequent analysis. Fourth,
since individuals only donated blood once,
and the sensitivity and specificity of the tests
were not 100%, this would require additional
contacts with former participants for repeated
tests. Repeated contacts, the risk of false-posi-
tive findings, and additional medical examina-
tions could, hence, have led to psychological
and physical distress.

Results

Paper |

In premenopausal women, breast cancer in-
cidence was found to be negatively associat-
ed with calcium levels and RRs (95% CI) in
the 2", 3" and 4* calcium quartile as com-
pared to the 1* were 0.92 (0.65-1.31), 0.88
(0.59-1.30) and 0.56 (0.32-0.99). In peri-
/postmenopausal overweight women, breast
cancer incidence was positively associated with
calcium levels, the RRs in the 2", 37 and 4
calcium quartiles as compared to the first were
2.74(1.25-5.98), 3.10 (1.44—6.68),and 2.72
(1.24-5.94).

Paper Il

Calcium levels were strongly and inversely as-
sociated with use of oral contraception and use
of HRT, with correlation coefficients (95%
CI) of —2.17 (=3.05 to —1.30) and —4.19 (-
4.77 t0 —3.62), respectively. Peri-/postmeno-
pausality was positively associated with cal-
cium levels, with a correlation coefficient of

3.88 (3.35—4.40). Calcium levels also showed
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a weak but statistically significant positive
association with nulliparity, BMI<20 and
BMI>25 and baseline examination in spring
and autumn.

Paper Il

In women with BMI225, calcium was signifi-
cantly associated with aggressive tumours as
determined by severe nuclear atypia, with an
OR (95% CI) of 2.06 (1.10-3.86) for ‘high’
(above median) calcium as compared to ‘low’
calcium. This was also seen for mitosis and
tubular formation, but for these subgroups,
the relative risk did not reach statistical sig-
nificance.

Calcium was associated with a significant-
ly higher risk of nodal metastasis vs. no nodal
metastasis in premenopausal women; the OR
(95% CI) for ‘high’ as compared to ‘low’ cal-
cium was 1.88 (1.04-3.38). Similarly, in pre-
menopausal women the heterogeneity analy-
sis revealed that ‘high’ calcium was associated
with a higher risk of TIN1 tumours as com-
pared to ‘high’ calcium in relation to TINO
tumours.

Paper IV

In the overall analysis, there was a weak nega-
tive association between 250HD; levels and
breast cancer risk, but this association was not
statistically significant, and it was less pro-
nounced in the adjusted analysis. The associ-
ation between total 250HD (250HD,+D;)
and breast cancer was even weaker. The asso-
ciation between PTH levels and breast cancer
risk was close to unity. Calcium was positively
associated with breast cancer risk in the mul-
tivariate analysis, but this association did not
reach statistical significance. ORs were also
similar in matched and unmatched analyses,
indicating that unmatched analyses were ap-
propriate.

When stratifying for menopausal status
and BMI, there was a significant positive asso-



ciation between serum calcium and breast can-
cer in overweight and premenopausal women,
respectively.

In women with 250HD; <75 nmol/L,
PTH and calcium were positively associated
with breast cancer risk, but confidence inter-
vals were wide and statistically non-significant.
There was a weak, statistically non-significant,
negative association between 250HD; and
breast cancer in women with PTH levels above
the median. Risk estimates related to differ-
ent 250HD and PTH quartiles were similar
in analyses stratified for calcium levels below
vs. above the median.

General discussion

The current thesis suggests that calcium lev-
els affect breast cancer risk, and that this risk
is modified by menopausal status and obesity.
Moreover, serum calcium levels are clearly as-
sociated with age, BMI, use of OC, HRT, and
menopausal status —all established risk factors
for breast cancer.

There may be a weak, inverse association
between 250HD levels and breast cancer, but
this association was not statistically significant.
There was no association between PTH levels
and breast cancer risk.

Results on the relationship between serum
calcium and breast cancer were most concor-
dant in overweight women (BMI>25). In pre-
menopausal women, there was a negative as-
sociation between serum calcium and breast
cancer risk in the MPP cohort (paper I), and
a positive association in the MDCS case-con-
trol study (paper IV). Study populations dif-
fered in some accounts: MPP subjects were
younger at inclusion, had a longer mean time
from inclusion to diagnosis of breast cancer
and were younger at diagnosis than subjects
in the MDCS. This may be of special interest
where subjects are defined as pre/postmeno-
pausal at baseline.
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Serum calcium levels
and reproductive factors

Both younger (40—45 years) and higher age
groups (>55 years) had higher calcium lev-
els as compared to women aged 4550 years,
even when adjusting for menopausal status,
suggesting that age has an independent in-
fluence on calcium levels. BMI was also sig-
nificantly associated with serum calcium lev-
els, with lean and overweight women having
higher calcium levels than women with BMI
between 20 and 25.

The present work also confirmed previ-
ous studies on reproductive factors and cal-
cium levels, with an inverse association be-
tween conditions characterized by high estro-
gen levels and serum calcium levels. This has
been found in studies on menopausal status
[26, 133-135], phases of the menstrual cy-
cle [136], use of OC and HRT [133, 137]
and pregnancy [138]. Experimental studies
also indicate that serum calcium levels drop
when estrogens are administered [80]. The ex-
act mechanisms remain unclear, but the effect
might be mediated through a change in skel-
etal sensitivity to PTH [84, 85, 139-141].

Serum calcium
and breast cancer

Calcium isan important intracellular messen-
ger, involved in processes related to prolifera-
tion, apoptosis and cell signalling. The calci-
um-sensing-receptor, CaSR, is expressed both
in normal [23] and malignant breast cells [24]
and its expression is correlated with skeletal
metastasis [24, 25]. Increasing levels of cal-
cium can, in experimental models, increase
cell differentiation, decrease proliferation, in-
duce apoptosis and down-modulate invasion
[142—144], all of which would have tumour
protective effects. On the other hand, a case-
control study found a positive association be-
tween calcium concentrations in benign breast
tissue and subsequent breast cancer risk [145],
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and one study found that increasing calcium
concentrations released the growth inhibition
of 1,250H,D on breast cancer cells [102].
Thus, data from :n vitro studies are not con-
sistent regarding calcium and tumour growth
and further investigation is warranted of the
present findings that serum calcium levels are
positively associated with breast cancer risk in
overweight and/or postmenopausal women,
and with breast cancer aggressiveness in pre-
menopausal and/or overweight women.

Vitamin D and breast cancer

The biologically active form of vitamin D,
1,250H,D, is a steroid hormone that binds
to vitamin D receptors, VDRs [63] which are
found in both normal and malignant breast
tissue. 1,250H,D has been shown to inhibit
cellular proliferation, induce apoptosis and in-
hibitangiogenesis [13], mechanisms that may
link vitamin D to tumour protective effects.

The risk of breast cancer in relation to
1,250H,D has been investigated in at least
three studies [15, 16, 119], with all studies
finding no statistically significant associations.
However, 1,250H,D has a short half-life and
shows great intra-individual variation; thus it
is generally considered that 250HD better
mirrors physiologic vitamin D status [14].

Cross-sectional case-control studies have
indicated a protective effect of 250HD in
breast cancer [116—118]. A randomised trial
found a reduction of breast cancer incidence
in postmenopausal women treated with vita-
min D and calcium supplements [9]. In that
trial, there was also a statistically significant
negative association between 250HD levels
and breast cancer risk.

The present prospective study (paper IV)
found a negative association between 250HD
levels and breast cancer risk, but the associa-
tion was weak and not statistically significant,
which was in line with previous prospective in-
vestigations [15-17]. Itis possible that neither
of these studies, including the present, had suf-
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ficient statistical power to detect a true nega-
tive association between 250HD and breast
cancer risk and that a real modest inverse rela-
tion exists. Possibly, meta-analysis by pooling
of data might clarify this issue.

PTH and breast cancer
Experimental studies suggest that PTH has

carcinogenic and tumour promoting effects
[19-21]. At least four record-linkage stud-
ies have found a positive association between
risk of breast cancer and primary hyperpara-
thyroidism (pHPT), a condition with high
PTH and often high serum calcium levels [1-
3, 18]. Hence, a positive association between
PTH levels and breast cancer risk could be
expected, but no such relation was observed
in the present study (paper IV). One reason
for this discrepancy could be that PTH only
causes an increased risk of breast cancer at lev-
els clearly above the normal range, as is seen
in most patients with pHPT. In the present
study, only eight cases and six controls had
both PTH and calcium levels above the ref-
erence range, which made statistical analysis
impossible in these cases. Approximately nine
percent of both cases and controls had PTH
levels above normal, signifying possible pHPT.
In an additional analysis calculating OR for
breast cancer in these subjects, compared to
those that had PTH values below the upper
reference limit, the OR was close to one and
did not have statistical significance.

Methodological issues

Exposure and
endpoint measurements

It may be questioned whether it is appropri-
ate to use a single determination for levels of
calcium, 250HD and PTH.

Under normal physiological conditions,
total calcium is very stable. Both short-term



[146] and long-term [147] intra-individual
variation are low. Even though serum calci-
um levels rise with menopause [26, 148] there
seems to be significant ‘tracking’, i.e. the rank-
ing of calcium levels between individuals tends
to remain the same before and after menopause
[135]. Although inter-individual differences
in absolute values for serum calcium are low,
these differences are still considered important
when large groups are compared. Thus, it can
be argued that a single measurement of serum
calcium is a useful marker for differences with
regard to calcium homeostasis.

It has been claimed that free (ionised) calci-
um provides the best indication of calcium sta-
tus because it is biologically active and tightly
regulated by calcium-regulating hormones.
Total calcium levels are affected by plasma pro-
tein levels, notably albumin. In the MPP co-
hort (papers I-1II), adjusting for serum albu-
min was not possible since albumin levels were
only known for about a quarter (7=2,048) of
the study population. However, total calcium
has been considered a good measure of calcium
homeostasis in outpatients and healthy indi-
viduals where albumin will be expected to be
in the normal range [149]. Albumin was nor-
mally distributed among those with known
albumin levels, and only seventy-five women
(3.7%) had an albumin level outside the nor-
mal reference range (36—45 g/L). All samples
were also collected in a standardised manner,
which minimised differences in albumin lev-
els due to fasting status or diurnal variation
[113]. Following this, total serum calcium can
be considered a useful and valid measurement
of calcium status in this study population.

In the MDCS cohort (paper IV), correc-
tion of serum calcium according to albumin
was possible since albumin levels were known
for practically all subjects. However, there are
several correction methods and no single one
has been proved to be superior to the other.
Instead, it was decided to adjust for albumin
(along with creatinine and phosphate, which
may also affect calcium levels) as continuous
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covariates in the multivariate analyses.

Regarding 250HD, it is reassuring that a
recent cohort study measured 250HD on two
occasions, three years apart, and found a high
correlation between levels [150]. It was also
possible to measure 250HD, and 250HD;
separately, improving precision. Cases and
controls were closely matched to calendar
time for blood sample, minimising variation
in 250HD levels due to sun exposure.

Data on PTH has been scarce but recently,
two publications have addressed short-term
(up to six weeks) variation. Intra-individual
total, i.e. analytical plus biological, CV in se-
rum PTH levels was about 25% [151, 152].
PTH also shows a relatively large circadian
fluctuation with a two-fold difference in nadir
to peak concentrations [152]. In the MDCS,
the time of day for blood sampling had not
been recorded.

If these reported variations are correct, bi-
ological intra-individual variations of PTH
levels are quite high, which may be expected
to lead to a non-differential misclassification
of PTH levels. This may, hence, lead to an at-
tenuation of true risks in the statistical anal-
ysis. Considering the findings in the present
study, it is possible that this potential misclas-
sification has obscured true, underlying asso-
ciations between breast cancer risk and PTH
levels in paper IV.

Incomplete follow-up and poor quality of
endpoint data may affect the results. However,
the Swedish Cancer Registry and the Swedish
Cause of Death Registry have been validated
and found to have a completeness of about

99% [131].

Representativity

It may be asked whether breast cancer cases in
these cohorts can be considered representative
of the whole breast cancer population. The
study cohorts mainly comprised middle-aged
women. In the MPP, 30% and in the MDCS,
60% of the women invited to the health ex-
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amination did not attend. As there was no in-
formation about exposure to the studied risk
factors in women outside this cohort, absolute
risks and incidence rates may not be applicable
to all age groups or to the general population.
However, as there was a wide distribution of
calcium, 250HD and PTH levels, it was pos-
sible to make internal comparisons between
subjects with low and high values respective-
ly, i.e. to estimate relative risks. Results were
probably not considerably affected by selec-
tion bias.

Confounding

In all papers, there was information on most
established risk factors for breast cancer, and
results were similar when adjusting for these
factors. Thus, results were probably not con-
founded by most known risk factors for breast
cancer.

We could not adjust for heredity in any of
the papers since there was no information on
this factor. The quality of the variable for phys-
ical activity in the MDCS is currently being
validated, and it was decided not to include this
variable in the analyses. In papers I, Il and I11, it
would have been valuable to have information
on factors related to calcium metabolism, such
as 250HD, PTH and albumin levels, dietary
information and sun exposure.

In paper IV, it was possible to adjust for
factors related to calcium metabolism, such
as 250HD, PTH, creatinine, albumin and
phosphate. Dietary information was not in-
cluded in the multivariate analysis, the ratio-
nale being thata potential association between
dietary intakes of vitamin D and calcium and
breast cancer risk is probably mediated by the
serum levels of these factors. This would make
it inappropriate to include dietary intake in
the same model as the serum levels.

In all papers, multiple analyses were done,
and chance findings cannot be completely
ruled out. However, narrow confidence in-
tervals, large cohorts, many cases and concor-

28

dant findings, at least concerning the associa-
tion between breast cancer and serum calcium
in women with BMI>25 suggest that the find-
ings are not due to chance alone.

In all papers, associations between out-
comes and predictors (for example breast can-
cer and serum calcium levels) are based on a
single measurement. Biological and analytical
variation may non-differentially obscure any
true, underlying associations. This might be a
problem especially when analytes are known
to vary to a high degree, as seems to be the case
with PTH [152]. It is therefore possible that
a true cause-effect relationship between PTH
and breast cancer exists, but that it could not
be detected in the present study (paper IV).

Cause and effect

The epidemiological methods used in this the-
sis make it possible to test whether biological-
ly founded hypotheses regarding causality are
corroborated by statistically significant associ-
ations. As has been discussed, there are several
biological explanations for the observed find-
ings. However, it truly needs to be emphasised
that it is impossible to make any inferences as
to causality on the basis of the statistical as-
sociations in this thesis. Furthermore, some
of the present work might be characterised as
hypothesis-generating or exploratory, specifi-
cally paper I11, and the results, even when sta-
tistically significant, need to be confirmed in
other clinical and experimental studies.

Chance findings
and statistical power

The results obtained by the statistical tests used
in this thesis are all uncertain to some extent.
The precision of tests is stated, for example in
terms of p-values and confidence intervals, CI.
The more tests that are performed, the higher
is the risk that some observed statistical asso-
ciations are due to chance alone. For instance,
the positive association between serum calci-



um and breast cancer risk in premenopausal
women in paper IV should be regarded with
some caution since it was based on a small
number of cases, the CI was broad, there was
no clear dose-relationship and, indeed, results
were in conflict with those obtained in paper
I. Another example is paper III, where several
subgroup analyses were performed, with few
cases in each group, and correspondingly some
Cls were wide.

However, when statistical associations are
strong, i.e. with narrow Cls and distinct dose-
response-relationships, and there are biologi-
cally sound explanations for a cause-effect re-
lationship, it is reasonable to assume that ob-
served associations are real. For example, re-
sults were consistentand showed a clear dose-
response relationship regarding the positive
association between calcium and breast can-
cer incidence and aggressiveness in overweight
women (paper III and IV), suggesting a non-
random finding,.

Another issue is statistical power, i.e. the
potential of the tests to detect any true, un-
derlying associations. The larger the number
of individuals (and cases), the more accurate
the statistical predictions become. If real as-
sociations are weak, a larger number of ob-
servations are needed to detect them. When
associations between exposure and outcome
are inverse in different groups, for instance the
relationship between serum calcium in pre- vs.
peri/postmenopausal women, it makes sense
to stratify the cohort according to this charac-
teristic. Stratifying, however, splits the cohorts
into smaller groups, which decreases statisti-
cal power. Hence, real associations might not
be detected, due to statistical uncertainty. For
example, the hypothesis that vitamin D pro-
tects against breast cancer is supported by both
clinical and experimental data. However, the
association between 250HD levels and breast
cancer was not statistically significant in either
the present study (paper IV) or in three previ-
ous prospective case-control studies [15-17].
Gathering more observations, for example
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by pooling data from different studies, might
achieve the needed statistical power.

Reverse causality

If breast cancer itself causes alteration of cal-
cium, vitamin D and PTH levels, for example
due to production of pHPT as in hypercalce-
mia of malignancy, this could lead to a spuri-
ous association between levels of these factors
and breast cancer risk. In this thesis, subjects
with prevalent breast cancer at baseline were
excluded from study groups.

Hypercalcemia of malignancy usually pres-
ents with advanced disease [86], and such pa-
tients would probably have been diagnosed
with breast cancer at baseline and would, thus
have been excluded. Furthermore, additional
analyses excluding cases diagnosed within two
years of baseline inclusion from the analyses in
order to exclude cases with subclinical disease,
did not substantially change results. Hence, it
is unlikely that reverse causality plays any role
in the findings of the present thesis.

Implications
and future studies

The findings that serum calcium is positively
associated with breast cancer incidence and
aggressiveness (papers I, IIl and IV) is in line
with previous epidemiological studies that
found positive associations with calcium lev-
els and increased mortality [114]. However,
some experimental studies on calcium and
breast cancer indicate that calcium has tumour
protective effects 77 vitro [85, 142]. Thus, the
findings of this thesis concerning serum cal-
cium and breast cancer must be confirmed in
future studies. However, the results suggest
that calcium might be causally related to breast
cancer induction and/or growth.

The present results for 250HD and breast
cancer risk were similar to those reported by
others [15—17], and the results for calcium
and breast cancer risk in overweight women
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were similar in the two cohorts included in
the current thesis.

The lack of any association between PTH
and breast cancer risk might have several ex-
planations; there may indeed be no true asso-
ciation, but it may also be that the large bi-
ovariability in PTH levels [151, 152] attenu-
ates any true associations; or that PTH only
has a tumour promoting effect above a certain
level, i.e. a threshold effect.

Conclusions

*  Serum calcium is positively associated with
breast cancer risk in overweight and peri-/
postmenopausal women (paper I and IV).
Serum calcium seems to be associated with
breast cancer risk in premenopausal wom-
en. The exact relationship remains to be de-
termined. One study showed a negative as-
sociation (paper I), whereas another study
showed a positive association (paper IV).

* Premenopausal status, use of oral contra-
ceptives and hormone-replacement ther-
apy, are negatively associated with serum
calcium levels. BMI is significantly associ-
ated with serum calcium levels, with lean
and overweight women having higher cal-
cium levels than women with BMI between
20 and 25. Season is also associated with
serum calcium levels, with higher levels
during spring and autumn (paper II).

* Pre-diagnostic serum calcium is positively
associated with increased tumour aggres-
siveness (the degree of cellular atypia, rate
of proliferation and propensity to metasta-
sise) in premenopausal and/or overweight
women (paper III).
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* There may be a weak, inverse association
between 250HD and breast cancer, but
this association was not statistically signif-
icant. There was no association between
PTH and breast cancer risk (paper IV).
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Popularvetenskaplig
sammanfattning pa
svenska

Brostcancer dr den vanligaste cancerfor-
men hos kvinnor — arligen drabbas ungefir
7 000 svenska kvinnor av sjukdomen. Trots
méngdrig intensiv forskning 4r orsakerna till
sjukdomen ofullstindigt kiinda. Ett stigan-
de antal rapporter antyder att kalcium och
dess reglerande hormoner, dvs. biskoldkor-
telhormon (PTH) och vitamin D paverkar
risken att £ brostcancer. Denna avhandling
bestdr av fyra delarbeten, som vart och ett har
undersoke olika aspekter av detta potentiella
samband.

I forsta delarbetet studerades risken att f3
bréstcancer beroende pé kalciumniva i blod-
prov tagna fore insjuknandet. Sammanlagt
nistan 8 000 kvinnor ingick i studien, och
resultaten visade att hos dverviktiga kvinnor
efter klimakteriet 6kade risken f6r brostcancer
med 6kande kalciumnivier i blodet. Hos kvin-
nor fore klimakteriet var férhillandet omvint
— okande kalciumnivéer var férknippade med
ligre risk for brostcancer.

I arbete tvd undersoktes samvariationen
mellan kalciumnivier och kinda riskfaktor-
er for brostcancer. Kalciumnivderna var ligre
hos premenopausala kvinnor (fore klimakeeri-
et), hos dem som tog p-piller eller hormon-
ersittning, hos de yngsta och hos de ildsta
samt hos dem med body mass index (BMI)
mellan 20 och 25 jimf6ért med dem med
BMI mindre dn 20 och dem med BMI hogre
dn 25.

I det tredje arbetet studerades om kalci-
umnivier var relaterade till 6kad risk av mer
aggressiva brosttumérer, dvs. sidana med
spridning till lymfkérdar eller med en mik-
roskopiskt mer elakartad bild. Hos kvinnor
fore klimakeeriet respektive hos dverviktiga
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kvinnor var hogre kalciumnivier associerade
med mer aggressiv brostcancer.

I det fjirde arbetet undersékees hur vita-
min D-nivier, biskoldkértelhormonnivier
och kalciumnivier tillsammans och var for
sig paverkar brostcancerrisken. Resultaten
antyder att det 4r mojligt att hdgre vitamin
D-nivier ir forknippade med en ligre brost-
cancerrisk, men detta 4r inte statistiske siker-
stille. Ddremot var hogre kalciumnivaer dteri-
gen statistiskt sikerstillt relaterade till en 6kad
risk for bréstcancer hos 6verviktiga kvinnor.
I motsats till resultaten i forsta delarbetet ta-
lade analysen i arbete fyra for att premeno-
pausala kvinnor ocksa har en kad bréstcan-
cerrisk med 6kande kalciumnivier i blodet.
Den statistiska styrkan av detta samband var
i arbete fyra ndgot osikrare och fyndet méste
bekriftas i andra, storre studier.

Sammantaget talar dessa fyra arbeten for
att kvinnor med BMI hégre dn 25 verkligen
har en 6kad risk att insjukna i bréstcancer med
okande kalciumniv3er i blodet, och att den-
na riskékning framfor alle giller mer aggres-
siv sjukdom. Avhandlingens styrka ir bl.a. det
stora antalet kvinnor som deltagit i studien
samt det férhillandevis stora antalet cancer-
fall, vilket gor de statistiska analyserna éver-
lag sikra. Ytterligare fordelar ir kvalitén hos
de analysmetoder som anvints.

En svaghet 4r atc kalcium, vitamin D och
bisksldkértelhormonvirdena bara mittes vid
ett tillfille och att naturligt forekommande
variationer kan ha maskerat samband mellan
dessa virden och brostcancerrisk.

Fynden, att kalciumnivier i blod hos
kvinnor med BMI hégre dn 25 ir relaterat
till brostcancerrisk och bréstcanceraggressiv-
itet, kan emellertid, om de bekriftas av andra
forskargrupper, bidra till 6kad forstdelse for
bréstcancers uppkomst och pé sikt ocksa ge

mojligheter till bittre forebyggande &tgirder
och behandling.
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Abstract Experimental and epidemiological studies
suggest that calcium-regulating hormones—parathyroid
hormone (PTH) and vitamin D—may be associated with
breast cancer risk. No prospective cohort study has
investigated the association between pre-diagnostic
calcium levels and subsequent risk of breast cancer. We
have examined this in a cohort of 7,847 women where
serum calcium levels and established risk factors for breast
cancer had been assessed at baseline. During a mean
follow-up of 17.8 years, 437 incident breast cancer cases
were diagnosed. Incidence of breast cancer was calculated
in different quartiles of serum calcium levels and a Cox’s
proportional hazards analysis was used to obtain corre-
sponding relative risks (RR), with a 95% confidence
interval (CI), adjusted for potential confounders. In pre-
menopausal women, serum calcium levels were inversely
associated with breast cancer risk in a dose-response
manner. The adjusted RR (95% CI) of breast cancer was in
the 2nd calcium quartile 0.91 (0.65-1.30), in the 3rd
quartile 0.89 (0.60-1.31), and in the 4th quartile 0.56
(0.32-0.98), as compared to the 1st calcium quartile. In
postmenopausal overweight women (BMI > 25), breast
cancer risk was higher in calcium quartiles 2-4 as
compared to the 1st quartile. Our findings may have
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implications for primary prevention of breast cancer
and for the management of asymptomatic primary
hyperparathyroidism.
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Introduction

Breast cancer is the most common malignant disease in
women. Most established risk factors concern reproductive
history, but other factors may be of interest. Experimental
studies indicate that calcium levels may affect tumor
development [1-4]. The calcium-regulating hormones
vitamin-D and its metabolites, most notably 1,25 (OH),
D3, and parathyroid hormone (PTH) have also been
suggested to affect breast cancer risk [5, 6].

PTH and vitamin-D regulate the production of each
other, and both factors increase serum calcium levels [7].
Experimental studies suggest that PTH has carcinogenic
and tumor promoting effects [8—10]. At least three record-
linkage studies have found a weak positive correlation
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between risk of breast cancer and primary hyperparathy-
roidism (pHPT), a condition with high PTH and often high
calcium levels [11-13]. Contrary to this, it has been
suggested that high vitamin-D levels may have tumor
protective effects [6, 14]. Thus, the serum calcium level,
either in itself or as a marker of certain conditions, may be
associated with breast cancer risk. This relation is com-
plicated, however, by the fact that potential mechanisms
act in opposite directions.

Furthermore, several conditions may modify the relation
between the factors mentioned above and the risk of breast
cancer. High age and obesity are associated with a high
prevalence of pHPT [15, 16] and low levels of vitamin-D,
e.g., 25(OH)D [17]. It has also been suggested that pre- and
postmenopausal women may have different risk factors for
breast cancer [18] and that obesity may modify the
association between established risk factors and breast
cancer [19].

To our knowledge, there has been no prospective cohort
study on serum calcium levels in relation to incidence of
breast cancer. Here we report a cohort of 7,847 women,
with information on total serum calcium and risk factors
for breast cancer, followed with regard to breast cancer
incidence during an average of 17.8 years.

The aim of the present analysis was to study incidence
of breast cancer in women according to pre-diagnostic
levels of serum calcium, with special regard to body mass
index (BMI) and menopausal status.

Materials and methods
The Malmé Preventive Project

The Malmoé Preventive Project (MPP) in Malmo, Sweden,
was established in 1974 for screening with regard to car-
diovascular risk factors [20]. Entire birth-year cohorts, men
and women, registered as citizens in Malmo were succes-
sively invited by mail to a health examination. Approxi-
mately 70% of invited women attended [20]. When the
department closed in 1992, 10,902 women, born between
1926 and 1949, had been examined. Their mean age at
baseline was 49.7 years, and 59.8% were peri-/postmeno-
pausal [21].

Baseline examination

A self-administered questionnaire was used for a compre-
hensive interview on lifestyle habits, medical history,
marital status, education, and use of medications [20]. The
questionnaire was revised several times. Information on
reproductive history was included in the questionnaire for
women screened from April 1983 and onwards. Factors
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that have been associated with breast cancer risk were
available from the questionnaire: age at menarche,
menopausal status, parity, use of oral contraceptives and
hormonal replacement therapy (HRT), educational level,
and marital status. Information necessary for calculation of
body mass index (BMI) (kg/mz) was assessed by a trained
nurse on baseline examination; height was measured to the
nearest centimeter, and weight was recorded with the
subject wearing no shoes, on a beam scale at intervals of
0.1 kg. In the morning, after an overnight fast, all subjects
gave a blood sample, which was analyzed immediately.
Calcium was measured photometrically by the laboratory
at the Dept. of Clinical Chemistry, University Hospital of
Malmo, on a prisMa multichannel autoanalyser (Clinicon
AB, Bromma, Sweden) [22, 23]. The coefficient of
variation was 1.52% [22]. The reference value for serum
calcium during this period was 2.20-2.60 mmol/l. Women
were classified as peri-postmenopausal if they affirmed that
their menstruations had ceased, that they had menopausal
symptoms or that they were taking any ‘‘female hormonal
medication’’ because of such symptoms.

Study cohort

Out of 10,902 women, information on reproductive factors
including menopausal status was known for 8,051 women.
Serum calcium had been measured in 8,004 of these. A
total of 157 women with prevalent invasive breast cancer at
baseline were excluded. Thus, the present study is based on
7,847 women.

Ethical clearance for this study was obtained from the
Ethical committee in Lund, LU 639-03.

Follow-up

Breast cancer cases, invasive and in situ, were retrieved by
record linkage with the Swedish Cancer Registry and the
Southern Swedish Regional Cancer Registry. There were in
all 437 incident cases. Stage at diagnosis was retrieved
from clinical notes and from a clinical registry run by the
South Swedish Breast Cancer Group. Stage according to
the UICC was given from the TNM classification [24].
Information on vital status was retrieved from the Swedish
Cause of Death Registry. Each woman was followed until
end of follow-up, 31st December 2003, or until she got
breast cancer or died. The average follow-up was
17.8 years (SD: 5.8 years).

Statistical methods
Quartile cut-points for total serum calcium were based on

the distribution for women in the study cohort excluding
those with prevalent cancer of any site (not including
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cervical cancer in situ). The incidence of breast cancer per
100,000 person-years was calculated in relation to serum
calcium quartiles. Cox’s proportional hazards analysis was
used to estimate corresponding relative risks (RRs), with a
confidence interval (CI) of 95%. In a second analysis,
potential confounders were introduced as covariates. BMI
and age were treated as continuous variables, whereas all
other covariates were entered as categorical variables.
Test for trend over quartiles were calculated and a
p-value < 0.05 was considered statistically significant.

Separate analyses were made in pre- versus peri-/post-
menopausal women and in different strata of BMI, i.e.,
BMI < 25 vs. BMI > 25 (overweight and obese women).
All analyses were repeated excluding cases diagnosed
within two years following baseline examination. Analyses
were also done using separate quartile cut-points based on
serum calcium levels in pre- versus peri-postmenopausal
women.

Stage distribution was assessed in relation to serum
calcium quartiles, BMI, and postmenopausal status. The
chi-square test was used in order to assess heterogeneity
between groups, and a p-value less than 0.05 was
considered statistically significant.

Results

Use of oral contraceptives and hormone replacement
therapy, HRT, were more common in lower calcium
quartiles, and there was a higher percentage of peri-post-
menopausal women in higher calcium quartiles, Table 1.
Mean calcium levels (range) were in premenopausal wo-
men 2.32 (1.89-2.76) mmol/l and in peri-postmenopausal
women 2.36 (2.03-2.80) mmol/l. This is in line with
previous studies that have shown serum calcium to rise
with menopause [25, 26].

Table 1 Distribution of potential risk factors for breast cancer according to serum calcium level

Factor® Serum calcium quartile [mmol/1]
1n=1880 2n=2,109 3n=2034 4n=1824 All n = 7,847
[<2.29] [2.29-2.34] [2.35-2.40] [>2.40]
(column percent; mean (SD) in italics)
Age at baseline (years) 514 (4.5) 52.0 (4.6) 52.5 (4.5) 53.5(4.0) 52.3 (4.5)
BMI (kg/m?) 24.7 (4.2) 24.6 (4.2) 24.9 (4.2) 25.1 (4.4) 24.8 (4.2)
<12 years at menarche(vs. >12 years) 11.8 13.1 12.0 13.7 12.6
Oral contraception (yes versus no) 8.4 53 38 2.0 49
Peri-/postmenopausal (versus premenopausal) 46.6 59.4 69.6 78.8 63.5
Number of children
0 13.9 14.6 17.4 172 15.8
1-2 59.5 59.6 56.6 56.4 58.0
34 252 24.5 243 24.8 24.7
>4 0.9 1.1 1.0 1.2 1.1
HRT among peri-/postmenopausal (n = 4980) (vs. no-use) 24.7 16.0 10.1 83 13.6
Smoking status
Never 47.7 46.6 46.5 49.0 474
Ex 20.5 20.7 19.2 18.7 19.8
Current 319 327 34.3 323 328
Married
Yes 512 4.8.7 50.6 50.3 50.2
No 44.9 449 42.1 41.2 433
Missing 39 6.4 7.3 8.6 6.5
Alcohol consumption
None 15.6 15.3 16.9 18.1 16.5
Less than every week 59.4 61.0 58.8 58.7 59.5
Every week 25.0 237 243 232 24.1
212 years of education 34.4 324 32.1 32.0 327
Separate missing category reported if > 1% of subjects had no information
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Table 2 Breast cancer incidence in pre-, peri/postmenopausal and all women in relation to serum calcium levels

Menopausal status Serum calcium Individuals Breast cancer Person- Incidence/ RR (CI: 95%) RR* (CI: 95%)
quartile cases years 100,000
Premenopausal 1 1,003 72 17,281 417 1.00 1.00
2 857 56 14,763 379 0.91 (0.65-1.30) 0.92 (0.65-1.31)
3 618 39 10,626 367 0.89 (0.60-1.31) 0.88 (0.59-1.30)
4 386 15 6,518 230 0.56 (0.32-0.98) 0.56 (0.32-0.99)
Peri/postmenopausal 1 877 39 14,055 277 1.00 1.00
2 1,252 66 20,335 324 1.17 (0.79-1.74) 1.20 (0.81-1.79)
3 1,416 80 22,185 361 1.31 (0.89-1.92) 1.38 (0.93-2.03)
4 1,438 70 21,899 320 1.17 (0.79-1.73) 1.26 (0.84-1.89)
All 1 1,880 111 31,336 354 1.00 1.00
2 1,987 122 35,098 348 0.98 (0.76-1.27) 0.99 (0.76-1.28)
3 1,915 119 32,811 363 1.03 (0.80-1.34) 1.05 (0.81-1.36)
4 1,739 85 28,417 299 0.86 (0.65-1.14) 0.89 (0.67-1.19)
Total 7,847 437 127,662 342

adjusted for age, BMI, age at menarche, use of oral contraception, number of children, use of hormone-replacement therapy (in peri-/
postmenopausal women), smoking status, marital status, alcohol consumption and educational level

There was no overall association between serum
calcium levels and breast cancer, Table 2, crude and
age-adjusted RR:s were similar to those obtained in the full
model.

Serum calcium levels were inversely associated with
incidence of breast cancer in premenopausal women in a
dose-response manner, but p for trend did not reach sta-
tistical significance, p = 0.25. In postmenopausal women,
the p-value for trend over quartiles was 0.45. There was a
weak, non-significant, association between serum calcium
levels and breast cancer incidence in peri-/postmenopausal
women.

Serum calcium was associated with a high risk of breast
cancer in overweight postmenopausal women, Table 3.
The RR:s, adjusted for known risk factors for breast cancer,
as outlined in Table 1, for the 2nd, 3rd and 4th quartiles as
compared to the 1st were 2.74, 3.10 and 2.72, respectively
(p for trend: 0.04). Crude and age-adjusted RR:s were
similar. There was no statistically significant trend over
quartiles in any of the analyses presented in Table 3. In the
subgroup of obese, postmenopausal women the distribution
of other risk factors was similar in all calcium quartiles.

When the analyses were repeated excluding cases with
breast cancer occurring within 2 years following baseline,

Table 3 Breast cancer incidence in pre- and peri/postmenopausal women in relation to serum calcium in different strata of bmi

Menopausal status Serum calcium BMI < 25 BMI > 25
quartile Individuals Cases RR* (CI: 95%) Individuals Cases RR* (CI: 95%)
Premenopausal 1 650 45 1.00 353 27 1.00
2 582 35 0.91 (0.58-1.43) 275 21 0.98 (0.55-1.76)
3 405 28 1.04 (0.65-1.69) 213 11 0.60 (030-1.22)
4 228 10 0.68 (0.34-1.35) 158 5 0.44 (0.16-1.15)
Peri/postmeno-pausal 1 518 31 1.00 359 8 1.00
2 736 35 0.82 (0.50-1.34) 516 31 2.74 (1.25-5.98)
3 797 40 0.91 (0.57-1.47) 619 40 3.10 (1.44-6.68)
4 795 37 0.88 (0.54-1.44) 640 33 2.72 (1.24-5.94)
All 1 1168 76 1.00 712 35 1.00
2 1318 70 0.84 (0.61-1.17) 791 52 1.34 (0.87-2.06)
3 1202 68 0.95 (0.68-1.32) 832 51 1.26 (0.81-1.94)
4 1023 47 0.82 (0.56-1.19) 798 38 1.09 (0.68-1.74)
Total 4711 261 3133 176

a

adjusted for age, age at menarche, use of oral contraception, number of children, use of hormone-replacement therapy (in peri-/postmeno-

pausal women), smoking status, marital status, alcohol consumption and educational level
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all results were similar (data not shown). Results were also
similar when using separate quartile cut-points based on
serum calcium levels in pre- versus postmenopausal
women (data not shown); however, results did not reach
statistical significance in the 4th calcium quartile among
obese peri-postmenopausal women, RR: 1.76 (0.92-3.38).

Stage was known for 422 out of 437 breast cancer cases
(96.6%). There was no clear relation between stage dis-
tribution and serum calcium quartiles. Thus, 31.5% of
cases in the 1st calcium quartile were diagnosed with a
stage II + tumor (stage II, III or IV), 37.4% in the 2nd,
29.5% in the 3“1, and 43.0% in the 4th serum calcium
quartile. These differences corresponded to a p-value of
0.21. Stage distribution in different serum calcium quartiles
was also similar in pre- versus. postmenopausal and in
normal versus overweight/obese women.

Discussion

In this study serum calcium levels were inversely associ-
ated with breast cancer risk in premenopausal women in a
dose-response manner. This study also indicates that
calcium levels are positively associated with breast cancer
in overweight peri-/postmenopausal women.

It may be questioned whether it is appropriate to use a
single determination for ranking of serum calcium levels.
Both short-time [27] and long-time [28] intra-individual
variation in total serum calcium are low. Even though
serum calcium levels rise with menopause [26, 29] there
seems to be significant ‘tracking’, i.e., the ranking of cal-
cium levels between individuals tends to remain the same
before and after menopause [25]. Although inter-individual
differences in absolute values for serum calcium are low,
we still consider these differences important when large
groups are compared. Thus, we believe that a single
measurement of serum calcium is a useful marker for
differences with regard to calcium homeostasis.

It has been argued that free (ionized) calcium provides
the best indication of calcium status because it is biologi-
cally active and tightly regulated by calcium-regulating
hormones. Total calcium levels are affected by plasma
protein levels, notably albumin. In our cohort, adjusting for
serum albumin was not possible, since albumin levels were
only known for about a quarter (n = 2048) of the study
population. However, total calcium has been considered a
good measure of calcium homeostasis in outpatients and
healthy individuals where albumin will be expected to be in
the normal range [23]. Albumin was normally distributed
among those with known albumin levels, and only 75
women (3.7%) had an albumin outside the normal refer-
ence range (3645 g/l). All samples were also collected in

a standardized manner, which minimizes differences in
albumin levels due to fasting status or diurnal variation
[30]. Following this, we consider total serum calcium a
useful and valid measurement of calcium status in this
study population.

Vitamin D and PTH-levels seem to be unaffected by
menopause per se [25]. The rise of serum calcium with
menopause might instead be explained by the fact that bone
seems to turn more sensitive to PTH in the absence of
estrogen [31, 32]. The associations between some risk
factors and breast cancer differ in pre- and postmenopausal
women and this was one reason a priori to study breast
cancer incidence separately in pre- versus peri-postmeno-
pausal women [33]. Moreover, pHPT is more common in
postmenopausal than in premenopausal women [15]. PHPT
is often a mild disease with a protracted course, asymp-
tomatic in its early stages, with gradually rising calcium
levels. The prevalence of clinical symptomatic pHPT in
postmenopausal women has been estimated to be around
3% [34] and the prevalence of asymptomatic pHPT could
be even higher. Whether this prevalence is high enough to
affect calcium levels overall in this group might be ques-
tioned, but we think it is reasonable to assume a higher
percentage of women with undiagnosed, asymptomatic
pHPT in the higher serum calcium quartiles.

If breast cancer itself causes hypercalcemia, such as in
hypercalcemia of malignancy, this could lead to a spurious
association between calcium levels and breast cancer risk.
This would be a serious problem in cross-sectional studies,
i.e., case—control studies, but it is less of a problem when
pre-diagnostic calcium levels are available, as in this
analysis. Moreover, hypercalcemia of malignancy usually
presents with advanced disease [35], and such patients
would probably have been diagnosed with breast cancer at
baseline and would, thus, have been excluded. To further
exclude cases where hypercalcemia might have been
caused by undiagnosed breast cancer, the analyses were
repeated excluding cases with breast cancer occurring
within two years following baseline. All results were
similar and we do not consider that malignancy-related
hypercalcemia associated with breast cancer have affected
the observations in the present study. Malignancies other
than breast cancer can also give rise to hypercalcemia. In
these cases, an association between serum calcium and
breast cancer could be due to calcium levels, or mediators
of calcium homeostasis, affecting breast cancer growth.
Hence, we did not exclude other prevalent malignancies
from our analysis, but only those with prevalent breast
cancer.

Incomplete follow-up may affect the results. However,
the Swedish Cancer Registry and the Swedish Cause of
Death Registry have been validated and found to have a
completeness of about 99% [36].
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Another relevant issue is whether the results could have
been caused by detection bias. Women in these birth
cohorts have regularly been invited to mammographic
screening since the end of the 1970s [37]. If calcium levels
were associated with factors that affect time of diagnosis,
such as participation in mammographic screening or
patient’s delay, a trend over quartiles with respect to stage
at diagnosis would be expected. No such trend was
observed and we consider it unlikely that detection bias has
influenced our results.

It may be asked whether breast cancer cases in this
cohort may be considered representative of the whole
breast cancer population. This cohort mainly comprised
middle-aged women and 30% of the women invited to the
health examination did not attend. As we have no infor-
mation about exposure to the studied risk factors in women
outside this cohort, observed incidence rates may not be
applicable to all age groups or to the general population.
However, as there was a wide distribution of calcium
levels, it was possible to make internal comparisons
between subjects with low and high values, respectively.
We consider that our estimations of relative risks were not
considerably affected by selection bias.

It is possible that both high serum calcium levels and
breast cancer are caused by a common factor. The results
were probably not confounded by most known risk factors
for breast cancer though, since information on these were
known for the study cohort, and results were similar when
statistical analyses were repeatedly adjusted for these fac-
tors. We were not able to adjust our estimates for heredity
or physical activity, since we had no information on these
variables. It is, however, unlikely that these factors have
influenced the results, since, to our knowledge, there is no
strong correlation between either physical activity or
heredity and serum calcium levels. Other factors that would
have been of interest are determinants of calcium homeo-
stasis, such as diet, sunshine exposure, vitamin D, and
PTH-levels. The inclusion of these factors in future studies
would be very valuable.

This is the first prospective cohort study on serum cal-
cium levels and breast cancer risk. In order to explore
whether factors that affect PTH and vitamin-D levels, i.e.,
menopausal status and obesity, modify the relation between
calcium levels and breast cancer risk, several subgroup
analyses were performed. Some groups had a limited
number of cases and our finding that high calcium levels
are associated with breast cancer in overweight peri-/
postmenopausal women was based on a low number of
cases and CIs were wide. However, the distribution of risk
factors in postmenopausal obese women between calcium
quartiles does not differ from the whole study population
(data not shown) and the results may represent a true
threshold-effect in RR between the first and second
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calcium quartiles. Indeed, it may be that the lowest quartile
has a lower than average risk; that low calcium levels in
obese postmenopausal women reflects some protective
factor. Such factors may be related to parameters that affect
calcium homeostasis, i.e., PTH or vitamin-D, but this
remains to be evaluated. Given the small number of cases
in some subgroups, a chance finding cannot completely be
ruled out, and our results will have to be confirmed in
larger studies.

High levels of calcium per se can in experimental
models increase cell differentiation, decrease proliferation,
and induce apoptosis [1-4]. All of this would have a tumor
protective effect. Calcium levels in serum may also be
considered a marker for certain conditions, as calcium
levels are increased following stimulation by PTH and
vitamin-D. Experimental studies have shown that PTH
have anti-apoptotic effects and may promote invasiveness
[8-10], mechanisms that stimulate tumor growth. Contrary
to this, vitamin-D may induce apoptosis, cell cycle arrest,
and differentiation. Vitamin-D also inhibits invasiveness
and angiogenesis [6, 14, 38], all of which have tumor
protective effects. Following these potential biological
mechanisms, it is possible to hypothesize that high serum
calcium levels may be associated with both tumor protec-
tive and tumor promoting effects. To date, no study has
investigated the influence of calcium levels as well as PTH
and vitamin-D levels on breast cancer risk.

There is typically a weak, non-significant, inverse
association between calcium intake and risk of breast
cancer as reported by at least eight case—control studies and
three cohort studies (referred to in [39, 40]). However,
calcium homeostasis is kept very tight in humans, and
dietary intake is a poor predictor of calcium levels in blood.
No prospective cohort study has investigated the associa-
tion between serum calcium levels in blood and breast
cancer incidence. Three epidemiological record-linkage
studies have evaluated primary hyperparathyroidism
(pHPT) and risk of breast cancer [11-13]. Two of these
studies found a statistically significant positive association
between pHPT and subsequent breast cancer.

Two studies have examined vitamin-D levels in
pre-diagnostic blood samples in relation to breast cancer
risk. Hiatt et al. did not find any significant association
between the vitamin-D metabolite 1,25(OH),D and breast
cancer, but included only 96 cases [41]. Bertone-Johnson
et al. found that the vitamin-D metabolites 25(OH)D and
1,25(0OH),D were associated with a small, non-signifi-
cantly, decreased risk of breast cancer [42]. None of these
studies included information on calcium levels or PTH.

Studies on the relation between dietary intake of
vitamin-D, or dairy products, and risk of breast cancer, do
not, however, provide consistent evidence for an associa-
tion [4, 40, 42, 43].
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High calcium levels may reflect different conditions in
specific groups as pHPT and low vitamin-D-levels are
more common in postmenopausal [15, 17] and obese
women [16]. It is possible to hypothesize that calcium
levels in postmenopausal and obese women may reflect
PTH levels rather than vitamin-D levels and that calcium
levels in premenopausal women may mainly be a marker of
vitamin-D levels. Obese are known to have an altered
endocrine metabolism [44] and possibly factors as insulin
or insulin-like growth factor (IGF) could be related to our
observations [45].

Our findings will have to be tested in future studies,
which must include information on PTH and vitamin-D
levels as well as on serum calcium. Further research will
give guidance on primary prevention for breast cancer, and
can be important when deciding whether or not to treat
individuals with mild or asymptomatic hyperparathyroid-
ism.

We conclude that in this cohort of 7,847 women, serum
calcium levels were inversely associated with breast cancer
risk in premenopausal women in a dose-response manner.
This study also indicates that high calcium levels may in-
crease breast cancer risk in overweight peri-/postmeno-
pausal women.
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Objective. Serum calcium concentrations have been associated with the risk of malignant disease, especially breast
cancer. Thus, determinants of serum calcium concentrations, with special regard to risk factors of breast cancer,
are of great interest. Material and methods. Previous studies have either been small or they have not focused on
reproductive factors. The present study examined serum calcium concentrations in relation to reproductive
history, selected lifestyle factors and screening season in a large population-based cohort study comprising 8,114
women. ANOVA followed by the Bonferroni 7-test were used for comparison of means, and logistic regression
and multiple regression analysis were used to test associations. Results. Serum calcium concentrations were lower
in hormone replacement therapy users versus non-users (2.321 mmol/L versus 2.364; p <0.001) and in users of
oral contraceptives versus non-users (2.304 versus 2.348; p<0.001). They were higher in peri-/postmenopausal
versus premenopausal women (2.357 versus 2.319; p<0.001). Overweight and obese women had higher mean
calcium concentrations (2.350 and 2.355) than women with body mass index between 20 and 25 (2.342; p <0.001).
Serum calcium concentrations were higher in spring and autumn than in winter (2.352 and 2.353 versus 2.343;
»=0.002). Both younger (40-45 years) (2.334; p=0.001) and older age groups (> 55 years) (2.363; p <0.001) had
higher mean calcium concentrations compared to those of women aged 45-50 years (2.320), even when adjusting
for menopausal status, suggesting that age has an independent influence on calcium concentrations. Conclusions.
It is concluded that reproductive factors such as menopausal status, use of oral contraceptives or hormone-

replacement therapy, and age, BMI and season are associated with serum calcium concentrations.

Keywords: Body mass index; calcium; oestrogens; parathyroid hormone; vitamin D

Introduction

Serum calcium concentrations have been associated
with the risk of both cardiovascular [1] and malignant
disease, especially breast cancer [2,3]. Thus, determi-
nants of serum calcium concentrations are of great
interest. Since reproductive factors are important risk
factors for breast cancer, it is particularly important
to study the association between these factors and
serum calcium concentrations.

Serum calcium is tightly regulated by vitamin D
and parathyroid hormone (PTH) and may be affected
by a number of important diseases, such as osteo-
porosis, obesity and malignancy. Moreover, both
vitamin D and PTH have been suggested to influence
breast cancer risk [4,5]. Previous studies have found
serum calcium concentrations to be associated with
reproductive factors such as menopausal status [6],
oestrogen concentrations [7], phase of the menstrual

cycle [8,9] and pregnancy [10]. These studies have
been well designed, but were relatively small, includ-
ing at most fewer than a few hundred subjects, and
selected from specific groups of patients. In a
relatively large cohort study including 519 patients,
significant associations were also found between
reproductive factors and serum calcium [11]. The
largest study to date, the cohort study reported by
Jorde et al., did not focus on reproductive factors,
but discussed other potential risk factors related to
lifestyle, such as body mass, smoking habits and
alcohol consumption [1]. Concentrations of vitamin
D have a distinctive seasonal variation [12], but it is
not clear whether serum calcium varies over the year
[13]. There is therefore need for a large population-
based cohort study investigating the impact of
reproductive history, lifestyle factors and season on
serum calcium concentrations.
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The aim of our study was to examine serum
calcium concentrations in relation to reproductive
history, selected lifestyle factors and screening season
in a large population-based cohort study comprising
8,114 women.

Material and methods
The Malmé Preventive Project

The Malmo Preventive Project (MPP) in Malmo,
Sweden, was established in 1974 for screening in
regard to cardiovascular risk factors [14]. Entire birth-
year cohorts, men and women, registered as citizens in
Malmo were successively invited by mail to take a
health examination. Approximately 70 % of invited
women attended [14]. When the department closed in
1992, 10,902 women, born between 1926 and 1949,
had been examined. Their mean age at baseline was
49.7 years and 59.8 % were peri-/postmenopausal [15].

Baseline examination

A self-administered questionnaire was used for a
comprehensive interview on lifestyle habits such
as obesity, smoking and alcohol consumption.
Information necessary for calculation of body mass
index (BMI) (kg/m?) was assessed by a trained nurse
at baseline examination; height was measured to the
nearest centimeter and weight was recorded on a
beam scale at intervals of 0.1 kg. Women were
classified as peri- or postmenopausal if: they affirmed
that their menstruation periods had ceased, that they
had menopausal symptoms or that they were taking
any “female hormonal medication” due to such
symptoms. The question “Have you ever smoked
daily for at least 6 months?” was used to define never
and ever smokers. Ever smokers who did not confirm
that they were still smoking were considered ex-
smokers. Alcohol consumption was divided into three
categories (low, medium and high) using a modified
version of MAST (the Michigan Alcoholism
Screening Test), as previously described [16].

The questionnaire was revised several times.
Information on reproductive history was included
in the questionnaire for women screened from April
1983 and onwards. Reproductive factors available
from the questionnaire were: age at menarche,
menopausal status, parity, use of oral contraceptives
and hormonal replacement therapy (HRT).

There were few women examined in June,
July and August. Season was defined as follows:
summer=May to August; autumn=September and
October; winter=November to February; and
spring=March and April.
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The cohort was linked to the Swedish Cancer
Registry in order to obtain information on prevalent
cancer at baseline [2]. The current study did not
include previous cancer in situ of the uterine cervix in
the definition of prevalent cancer at baseline.

Serum calcium measurements

In the morning, after an overnight fast, all subjects
gave a blood sample which was analysed immedi-
ately. Calcium was measured photometrically by the
laboratory at the Department of Clinical Chemistry,
University Hospital of Malmg, on a PRISMA multi-
channel autoanalyser (Clinicon AB, Bromma,
Sweden) [17,18]. The coefficient of variation (CV)
was 1.52 % [18] and the reference value for adult
women for serum calcium during this period was
2.20-2.60 mmol/L.

Study cohort

Out of 10,902 women in the Malmoé Preventive
Project, 8,161 women were examined following April
1983, i.e. when questions on reproductive factors
were included. Out of these women, 8,114 had
information on serum calcium concentrations. At
inclusion, women were aged 42 to 58 years, with a
median age of 54 years. Ethical clearance for the
study was obtained from the Ethics Committee in
Lund, LU 639-03.

Statistical methods

The study cohort was divided into sixtiles based on
serum calcium concentrations at baseline. The
distribution of reproductive and selected lifestyle
factors was investigated in relation to serum calcium
concentrations. Means of serum calcium were calcu-
lated in different categories of the studied factors.
Confidence intervals were chosen as an estimation of
the accuracy of the estimated means. In order to test
differences in mean calcium concentrations between
different categories of the studied factors, ANOVA
was used followed by a Bonferroni -test. All tests
were two-sided and a p-value <0.05 was considered
statistically significant. Subjects with missing infor-
mation were included as a separate category.

All women were dichotomized into low
(<2.34 mmol/L) and high (=2.35 mmol/L) calcium
concentrations, the median of the study cohort. Odds
ratios with 95 % confidence intervals (CI) were
calculated for high versus low concentrations, in
relation to the studied factors, using a logistic
regression analysis. The second model was adjusted
for age and a final model included all studied factors.



Missing values were coded as a separate category,
except for BMI, where this information was only
missing for three subjects and missing values were left
as blank. Calcium concentrations were approxi-
mately normally distributed and the relation between
different factors and calcium concentrations was
further investigated using multiple linear regression
analysis. All categorical variables in the linear
regression analysis were transformed and entered as
multiple categorical variables. Partial regression
coefficients (ff;) with 95 % confidence intervals,
adjusted for all other factors, were reported. A
stepwise multiple regression was undertaken, with
p-values for inclusion set at 0.05 and exclusion at
0.10. All analyses were repeated excluding subjects
with prevalent cancer at baseline.

Results

Serum calcium concentrations were overall normally
distributed, with 95 % of the study population having
values between 2.21 and 2.49 mmol/L.

Use of oral contraceptives and hormone replace-
ment therapy (HRT) were more common in lower
calcium sixtiles, and there was a higher percentage
of older and peri/postmenopausal women in higher
calcium sixtiles (Table I). Mean serum calcium
concentrations tended overall to be located in a
narrow interval, and corresponding CIs were well
within the normal reference range at the time
(Table II). Mean calcium concentrations were higher
in subjects aged 4045 and =50 years of age
compared to those of participants aged 45-50 years
(Table II). Overweight and obese women had
significantly higher mean calcium concentrations
compared to women with a BMI between 20 and 25.

Considering reproductive factors, mean calcium
concentrations were higher in peri-/postmenopausal
women versus premenopausal women, and in women
without hormonal therapy (i.e. HRT or OC) versus
women receiving such therapy.

Calcium concentrations varied in relation to
season: the highest mean calcium concentrations
were found in women screened in spring and autumn.

The adjusted logistic regression analysis revealed
statistically significant ORs for high versus low
calcium concentrations in relation to age, BMI, OC,
HRT, menopausal status and screening season
(Table III). Both lean (BMI<20) and overweight/
obese women (BMI >25) had a higher odds ratio for
high calcium concentrations than had women with a
BMI of 20 to 25. The same was found regarding age:
the youngest age group (40-45 years) and the oldest
(50 years and above) had a higher odds ratio for high
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calcium concentrations than that of women aged 45—
50 years. Premenopausality, use of OC and HRT all
had higher odds ratio for low serum calcium
concentrations. The OR for high serum calcium
concentrations was highest in those screened in spring
and autumn. There was no significant correlation
between smoking and serum calcium concentrations
in this cohort. There was a significant positive
association between alcohol consumption and cal-
cium concentrations in the logistic regression;
however, there was no association between alcohol
consumption and serum calcium in the regression
analysis, nor in the ANOVA.

The multiple regression analysis showed that
higher age, peri/postmenopausality, non-use of
HRT or OC and menarche after 12 years of age
were all associated with high calcium concentrations
(Table III). R and adjusted R squared were 0.297 and
0.088, respectively. In the stepwise regression analy-
sis, the following factors remained as predictors of
serum calcium: menopausality, use of HRT, use
of oral contraceptives, age at screening, number of
children and age at menarche. BMI, alcohol con-
sumption and smoking status did not remain in the
model. R in the stepwise analysis was 0.269, with
adjusted R squared 0.072.

Results were similar in all analyses when exclud-
ing individuals with prevalent cancer at baseline (data
not shown).

Discussion

In this large, population-based cohort comprising
8,114 women, high serum calcium concentrations
were positively associated with menopause and age,
and negatively associated with use of HRT, use of
OC and menarche at 12 years of age or younger. BMI
was significantly associated with serum calcium
concentrations, with lean and overweight women
having higher calcium concentrations than women
with BMI between 20 and 25. Season was also
associated with serum calcium concentrations, with
high concentrations during spring and autumn.

In our study, both younger (40-45 years) and
higher age groups (>55 years) had higher calcium
concentrations compared to those of women aged
45-50 years, even when adjusting for menopausal
status, suggesting that age has an independent
influence on calcium concentrations. It may be that
younger women have higher vitamin D concentra-
tions than do middle-aged women, whereas older
women might have higher PTH concentrations than
middle-aged women as a consequence of more
prevalent asymptomatic pHPT in this age group
[19]. As for BMI, it is known that obese often have
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Table I. Serum calcium sixtiles in relation to reproductive history, life-style factors, and season.

Serum calcium sixtile [mmol/L]

1 2 3 4 5 6
[<2.26] [227-230] [231-234] [235-238] [2.39-242]  [>243] All
n=1354 n=1245 n=1512 n=1466 n=1162  n=1375 n=8114

Factor [number if n<8114] Column percent; mean (SD) in italics
Age (years) 51.3 (4.5 520 (4.5) 51.9 (4.6) 525 (44) 529 (43) 53.6 (3.9  52.4 (4.4

=40 - <45 12.6 12.0 13.4 11.3 10.5 7.1 11.2

=45 - <50 26.5 19.9 18.8 14.1 13.0 10.0 17.1

=50 - <55 26.2 25.5 24.1 23.1 20.8 19.0 23.1

=55 34.6 42.7 43.8 51.4 55.7 63.9 48.6
BMI (kg/m?) [8111] 24.7 (4.3) 24.7 (4.2) 24.5 (4.1) 24.9 (4.2) 25.1 (4.4) 25.1 (4.4) 24.8 (4.2)

<20 7.8 5.9 7.7 8.0 6.8 8.1 7.4

=20 - <25 55.2 54.6 55.2 50.6 50.6 48.5 52.5

=25 - <30 27.0 29.4 27.8 29.7 29.5 30.8 29.0

=30 10.0 10.1 9.3 11.6 13.1 12.7 11.1
Age at menarche (years) [8021]

<12 10.7 12.8 13.5 12.4 12.0 13.3 12.5

=12 88.3 86.2 85.4 86.6 86.7 85.2 86.4
Oral contraception [8056]

No 90.7 93.7 93.9 95.6 96.1 97.1 94.5

Yes 8.8 6.0 5.2 3.6 3.2 1.8 4.8
Menopausal status

Pre 43.5 34.1 31.0 23.8 20.1 15.6 28.1

Peri/post 56.5 65.9 69.0 76.2 79.9 84.4 71.9
Number of children [8020]

0 13.2 14.1 15.1 17.8 17.2 16.3 15.6

1-2 58.7 59.5 59.4 55.9 56.9 55.5 57.7

3-4 26.2 24.4 23.4 24.0 23.4 25.7 245

>4 0.7 1.4 0.9 1.0 0.9 1.2 1.0
HRT in peri/postmenopausal [5837]

No 67.3 76.7 83.2 87.4 88.9 90.3 83.3

Yes 32.7 23.0 16.8 12.6 11.0 9.7 16.6
Smoking status [8061]

Never 47.9 48.0 44.8 45.9 48.2 48.1 47.0

Ex 20.3 19.7 21.4 19.1 17.8 19.7 19.7

Current 31.3 32.0 32.9 34.4 33.6 31.1 32.6
Alcohol consumption [7364]

Low 64.0 59.4 63.3 62.1 59.8 60.7 61.7

Medium 27.9 31.3 26.3 25.6 26.4 24.5 26.9

High 1.8 2.2 2.1 2.5 2.8 1.7 2.2
Prevalent cancer

No 95.6 95.7 95.6 95.5 94.6 94.5 95.3

Yes 4.4 4.3 4.4 4.5 5.4 5.5 4.7
Screening season

Winter 43.4 42.2 40.3 40.3 39.5 36.9 40.4

Spring 18.0 19.0 19.7 20.1 22.9 22.2 20.3

Summer 25.8 24.5 24.3 24.1 22.5 23.3 24.1

Autumn 12.8 14.4 15.6 15.4 15.1 17.7 15.2
higher PTH concentrations [20], a form of secondary more likely to have vitamin D deficiency than people
hyperparathyroidism, and this might explain the with normal weight [21].
higher mean calcium concentrations in the over- Vitamin D influences serum calcium concentra-
weight and obese. The obese, on the other hand, are tions and is produced in the skin under the influence
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Table II. Mean serum calcium levels in relation to reproductive history, life-style factors, and season.

Factor No.

Mean (95 % CI) (p-value)

Bonferroni t-test
ANOVA (p-value)

Age (years)

=40 - <45 908 2.334 (2.328-2.339) 0.001

=45 - <50 1386 2.320 (2.316-2.324) Ref.

=50 - <55 1878 2.337 (2.333-2.341) <0.001

=55 3942 2.363 (2.360-2.365) <0.001 <0.001
BMI (kg/m?)

<20 604 2.348 (2.341-2.354) 0.721

=20 - <25 4256 2.342 (2.339-2.344) Ref.

=25 - <30 2354 2.350 (2.347-2.354) 0.001

=30 897 2.355 (2.349-2.361) <0.001 <0.001
Age at menarche (years)

<12 1013 2.351 (2.346-2.356) 0.147 0.032

=12 7008 2.345 (2.343-2.347) Ref.
Oral contraception

No 7668 2.348 (2.346-2.350) Ref.

Yes 388 2.304 (2.295-2.312) <0.001 <0.001
Menopausal status

Pre 2277 2.319 (2.316-2.323) Ref.

Peri/post 5837 2.357 (2.355-2.359) <0.001 <0.001
Number of children

0 1269 2.353 (2.349-2.358) 0.012

1-2 4678 2.344 (2.342-2.347) Ref.

3-4 1990 2.346 (2.342-2.350) 1.000

>4 83 2.347 (2.329-2.366) 1.000 0.006
HRT in peri-/postmenopausal

No 4864 2.364 (2.362-2.366) Ref.

Yes 970 2.321 (2.315-2.326) <0.001 <0.001
Smoking status

Never 3817 2.347 (2.344-2.349) Ref.

Ex 1602 2.344 (2.339-2.348) 1.000

Current 2642 2.347 (2.344-2.350) 1.000 0.142
Alcohol consumption

Low 5003 2.345 (2.342-2.347) Ref.

Medium 2186 2.342 (2.339-2.346) 1.000

High 175 2.348 (2.336-2.359) 1.000 <0.001
Prevalent cancer

No 7729 2.346 (2.344-2.348) Ref.

Yes 385 2.355 (2.346-2.364) 0.034 0.034
Screening season

Winter 3279 2.343 (2.340-2.346) Ref.

Spring 1644 2.352 (2.348-2.356) 0.002

Summer 1959 2.343 (2.340-2.347) 1.000

Autumn 1232 2.353 (2.348-2.358) 0.002 <0.001

* Compared to reference (p-value).

of sunlight. It is possible to hypothesize that the
degree of sun exposure through increased vitamin
D concentrations would lead to higher calcium
concentrations in summer and autumn. However,
we found the calcium concentrations to be higher in
spring and autumn. Moreover, previous studies have
been unable to find any relation between calcium and

season [13]. Clearly, seasonal variations in calcium
concentrations have to be evaluated further.

There are several studies in the literature support-
ing the role of oestrogens in influencing serum
calcium concentrations. Menopause [6,22], use of
oestrogens, such as in oral contraceptives or for
menopausal symptoms (HRT) [7], pregnancy [10] and
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Table III. Crude and adjusted odds ratios (OR) for high (=2.35 mmol/l) vs. low (<2.34 mmol/L) calcium levels, and
regression coefficients (f;) from multiple regression analysis, in relation to reproductive history, life-style factors, and season.

Crude Age-adjusted Adjusted*

Factor Low (n)  High (n) OR (95 % CI) OR (95 % CI) OR (95 % CI) Pi (95 % CI)*
Age (years)

=40- <45 522 386 1.33 (1.12-1.58) not applicable 1.91 (1.58-2.31) 2.86 (2.12 to 3.59)

=45- <50 891 495 1.00 not applicable 1.00 Baseline

=50- <55 1036 842 1.46 (1.27-1.69) not applicable 1.24 (1.05-1.46) 0.92 (0.27 to 3.59)

=55 1662 2280 2.47 (2.18-2.80) not applicable 1.73 (1.50-2.00) 2.56 (1.99 to 3.13)
BMI (kg/m?)

<20 296 308 1.18 (0.99-1.40) 1.24 (1.04-1.47) 1.21 (1.01-1.45)  —0.73 (—1.43 to —0.02)

=20- <25 2261 1995 1.00 1.00 1.00 Baseline

=25- <30 1153 1201 1.18 (1.07-1.31) 1.13 (1.02-1.25) 1.10 (0.98-1.22) —0.31 (—1.06 to 0.44)

=30 401 496 1.40 (1.21-1.62) 1.28 (1.11-1.49) 1.20 (1.03-1.40)  —0.25 (—1.12 to 0.61)
Age at menarche (years)

<12 508 505 1.03 (0.90-1.17) 1.06 (0.93-1.21) 1.01 (0.88-1.16)  —0.55 (—1.10 to —0.01)

=12 3560 3448 1.00 1.00 1.00 Baseline
Oral contraception

No 3814 3854 1.00 1.00 1.00 Baseline

Yes 273 115 0.42 (0.33-0.52) 0.53 (0.42-0.67) 0.67 (0.53-0.85) —2.17 (—3.05 to —1.30)
Menopausal status

Pre 1481 796 1.00 1.00 1.00 Baseline

Peri/post 2630 3207 2.27 (2.05-2.51) 2.02 (1.78-2.29) 2.43 (2.12-2.78) 3.88 (3.35 to 4.40)
Number of children

0 584 685 1.27 (1.12-1.44) 1.28 (1.13-1.45) 1.35 (1.19-1.54) 1.08 (0.57 to 1.59)

1-2 2434 2244 1.00 1.00 1.00 Baseline

3-4 1013 977 1.05 (0.94-1.16) 1.06 (0.95-1.18) 1.04 (0.94-1.16) 0.15 (—0.28 to 0.59)

>4 41 42 1.11 (0.72-1.72) 1.06 (0.68-1.64) 0.91 (0.58-1.43)  —0.53 (—2.32 to 1.26)
HRT in peri/postmenopausal

No 2014 2850 1.00 1.00 1.00 Baseline

Yes 614 356 0.41 (0.36-0.47) 0.41 (0.36-0.48) 0.42 (0.36-0.48)  —4.19 (—4.77 to —3.62)
Smoking status

Never 1922 1895 1.00 1.00 1.00 Baseline

Ex 844 758 0.91 (0.81-1.02) 0.93 (0.82-1.04) 0.91 (0.80-1.03)  —0.31 (—0.79 to 0.17)

Current 1320 1322 1.02 (0.92-1.12) 1.07 (0.96-1.18) 1.02 (0.92-1.14) 0.00 (—0.43 to 0.42)
Alcohol consumption

Low 2563 2440 1.00 1.00 1.00 Baseline

Medium 1166 1020 0.92 (0.83-1.02) 0.97 (0.88-1.08) 1.03 (0.92-1.14) 0.26 (—0.16 to 0.69)

High 83 92 1.16 (0.86-1.58) 1.30 (0.96-1.77) 1.35 (0.99-1.85) 0.88 (—0.37 to 2.13)
Prevalent cancer

No 3931 3798 1.00 1.00 1.00 Baseline

Yes 180 205 1.18 (0.96-1.45) 1.10 (0.90-1.36) 1.02 (0.83-1.27) 0.29 (—0.55 to 1.14)
Screening season

Winter 1722 1557 1.00 1.00 1.00 Baseline

Spring 778 866 1.23 (1.09-1.39) 1.20 (1.06-1.36) 1.26 (1.11-1.43)  —0.91 (—1.45 to —0.36)

Summer 1023 936 1.01 (0.90-1.13) 1.01 (0.90-1.14) 1.03 (0.91-1.16) 0.06 (—0.57 to 0.70)

Autumn 588 644 1.21 (1.06-1.38) 1.24 (1.08-1.41) 1.20 (1.04-1.38) —0.78 (—1.40 to —0.15)

* Adjusted for all factors in the table.
the phases of the menstrual cycle [9] have been shown

to affect serum calcium, with oestrogen generally
lowering serum calcium concentrations. The exact
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mechanisms remain unclear, but the effect might be
mediated by altered skeletal [23,24] and renal [25,26]
sensitivity to PTH.



It is also possible that menopause per se induces
changes in intestinal calcium absorption [27]; it has
been shown that intestinal calcium absorption can be
independently influenced by oestrogens even in the
absence of vitamin D [28].

Hence, the interplay between serum calcium,
PTH, vitamin D, oestrogen and other factors is
complex, and it is possible that different mechanisms
are responsible for the observed differences between
calcium concentrations in this cohort. Future studies,
which must include information on vitamin D and
PTH status, and possibly also oestrogen, are needed
in order to clarify this.

There was no association in this cohort between
smoking and serum calcium, whereas at least
two previous studies have found such associations
[1,11]. The association between alcohol consumption
and serum calcium concentrations was ambiguous
in this cohort. The logistic regression analysis
showed a positive association, whereas multiple
regression analysis and the Bonferroni #-test com-
paring means in different groups did not reach
statistical significance.

One cause of high calcium concentrations in
selected populations is advanced malignancy. In our
cohort, there were data on prevalent cancer for all
8,114 women, but there was no significant association
between this condition and serum calcium concentra-
tions. When subjects with prevalent cancer were
excluded, results were similar.

It is questionable whether it is appropriate to use a
single determination for ranking serum calcium con-
centrations. Both short-time [29] and long-time [30]
intra-individual variation in total serum calcium are
low. Even though serum calcium concentrations rise
with menopause, there seems to be significant ‘track-
ing’, i.e. the ranking of calcium concentrations between
individuals tends to remain the same before and after
menopause [22]. Inter-individual differences in abso-
lute values for serum calcium are low and their clinical
significance might be questioned. However, in order to
better understand calcium metabolism and biological
mechanisms, even minor differences may be important.
Since serum calcium might be a risk factor for common
diseases such as cardiovascular and malignant disease,
small variations in absolute concentrations might be of
great importance, especially when large groups are
compared. The differences in serum calcium concen-
trations are of the same magnitude as in previous
studies [1]. Thus, we believe that a single measurement
of serum calcium is a useful marker for differences with
regard to calcium homeostasis.

It has been argued that free (ionized) calcium
provides a better measure of calcium status, since
total calcium concentrations are affected by plasma
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protein concentrations, notably albumin. However,
total calcium has been considered a good measure of
calcium homeostasis in outpatients and healthy
individuals where albumin will be expected to be in
the normal range [17]. In this material, among those
where albumin was measured (n=2206), only 77 had
values outside the reference interval of 36-45 g/L.
Moreover, all samples were collected in a standar-
dized manner, which minimizes differences in albu-
min concentrations due to fasting status or diurnal
variation [31]. It is thus reasonable to consider total
serum calcium as a useful and valid measurement of
calcium status in this study population.

A valid question is whether serum calcium
concentrations in this cohort can be considered
representative of the general population. This cohort
mainly comprised middle-aged women and 30 % of
the women invited to the health examination did not
attend. As there was no information about exposure
to the studied risk factors in women outside this
cohort, observed concentrations may not be applic-
able to all age groups or to the general population.
However, as there was a wide distribution of calcium
concentrations it was possible to make internal
comparisons between subjects with low and high
values, respectively. It can thus be assumed that the
estimations of associations were not particularly
affected by selection bias.

It is possible that both high serum calcium
concentrations and reproductive and/or lifestyle
factors are associated with other known or unknown
factors, i.e. confounding. The multivariate analysis
included all studied factors, i.e. age, reproductive
factors, lifestyle, prevalent cancer at baseline and
season. Hence, these factors ought not to have
confounded each others’ association with calcium
concentrations. A limitation of the study is that there
was no information on potentially important factors
such as genetics, physical activity, coffee consump-
tion, age at first birth and age at menopause, dietary
intake of calcium and vitamin D or supplement use.
It has previously been shown that calcium concentra-
tions in healthy individuals are mainly unaffected by
calcium intake [1]. It is difficult to predict vitamin D
concentrations from dietary information, but direct
measurements of vitamin D (i.e. 25-OH- vitamin D)
would have been valuable. This could be the object of
future studies. Polymorphisms and mutations in genes
for proteins responsible for calcium homeostasis,
especially the calcium-sensing receptor CASR, have
been shown to be associated with serum calcium
concentrations [32,33]. We are not aware of any
study investigating associations between these genetic
variants and reproductive factors, but this would be an
interesting object for future study. The acute effects of
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physical exercise include an increase in PTH and a
decrease in serum calcium [34], but long-term effects
are less certain [1]. In previous studies, strong but small
positive associations have been found between coffee
consumption and serum calcium [1]; this could not be
examined in the present cohort.

This large population-based cohort study shows
that reproductive factors, such as menopausal status,
use of oral contraceptives or hormone-replacement
therapy and age and BMI are associated with serum
calcium concentrations.

Acknowledgements

Financial support was received from The Ernhold
Lundstrom Foundation, The Einar and Inga Nilsson
Foundation, The Malmé University Hospital Cancer
Research Fund, The Malmo University Hospital
Funds and Donations, The Crafoord Foundation,
The Foundation for Surgical Research at Malmo
University Hospital, and The Swedish Research
Council.

Declaration of interest: The authors report no
conflicts of interest. The authors alone are respon-
sible for the content and writing of the paper.

References

[1] Jorde R, Sundsfjord J, Bonaa KH. Determinants of serum
calcium in men and women. The Tromso Study. Eur J
Epidemiol 2001;17:1117-23.

Almquist M, Manjer J, Bondeson L, Bondeson AG. Serum

calcium and breast cancer risk: results from a prospective

cohort study of 7,847 women. Cancer Causes Control 2007;18:

595-602.

Journe F, Dumon JC, Kheddoumi N, Fox J, Laios I,

Leclercq G, et al. Extracellular calcium downregulates

estrogen receptor alpha and increases its transcriptional

activity through calcium-sensing receptor in breast cancer
cells. Bone 2004:35:479-88.

Bertone-Johnson ER, Chen WY, Holick MF, Hollis BW,

Colditz GA, Willett WC, et al. Plasma 25-hydroxyvitamin D

and 1,25-dihydroxyvitamin D and risk of breast cancer.

Cancer Epidemiol Biomarkers Prev 2005;14:1991-7.

[5] McCarty MF. Parathyroid hormone may be a cancer
promoter — an explanation for the decrease in cancer risk
associated with ultraviolet light, calcium, and vitamin D. Med
Hypotheses 2000;54:475-82.

[6] Young MM, Nordin BE. Calcium metabolism and the
menopause. Proc R Soc Med 1967;60:1137-8.

[7] Marshall RW, Francis RM, Hodgkinson A. Plasma total and
ionised calcium, albumin and globulin concentrations in pre-
and post-menopausal women and the effects of oestrogen
administration. Clin Chim Acta 1982;122:283-7.

[8] Pitkin RM, Reynolds WA, Williams GA, Hargis GK.
Calcium-regulating hormones during the menstrual cycle. J
Clin Endocrinol Metab 1978:;47:626-32.

[9] Zittermann A, Schwarz I, Scheld K, Sudhop T, Berthold HK,
von Bergmann K, et al. Physiologic fluctuations of serum

2

3

[4

58

estradiol levels influence biochemical markers of bone resorp-
tion in young women. J Clin Endocrinol Metab 2000;85:
95-101.

[10] Sukonpan K, Phupong V. Serum calcium and serum
magnesium in normal and preeclamptic pregnancy. Arch
Gynecol Obstet 2005;273:12-16.

[11] Leino A, Jarvisalo J, Impivaara O, Kaitsaari M. Ovarian
hormone status, life-style factors, and markers of bone
metabolism in women aged 50 years. Calcif Tissue Int
1994;54:262-7.

[12] Steingrimsdottir L, Gunnarsson O, Indridason OS, Franzson
L, Sigurdsson G. Relationship between serum parathyroid
hormone levels, vitamin D sufficiency, and calcium intake. J
Am Med Assoc 2005;294:2336-41.

[13] Krall EA, Sahyoun N, Tannenbaum S, Dallal GE, Dawson-
Hughes B. Effect of vitamin D intake on seasonal variations in
parathyroid hormone secretion in postmenopausal women. N
Engl J Med 1989;321:1777-83.

[14] Berglund G, Eriksson KF, Israelsson B, Kjellstrom T,
Lindgarde F, Mattiasson I, et al. Cardiovascular risk groups
and mortality in an urban Swedish male population: the
Malmo Preventive Project. J Intern Med 1996;239:489-97.

[15] Manjer J, Berglund G, Bondesson L, Garne JP, Janzon L,
Malina J. Breast cancer incidence in relation to smoking
cessation. Breast Cancer Res Treat 2000;61:121-9.

[16] Kristenson H, Trell E. Indicators of alcohol consumption:
comparisons between a questionnaire (Mm-MAST), inter-
views and serum gamma-glutamyl transferase (GGT) in a
health survey of middle-aged males. Br J Addict 1982;77:
297-304.

[17] Nilsson-Ehle P. Laurells klinisk kemi i praktisk medicin. 8 ed,
Sweden: Studentlitteratur AB; 2003.

[18] Solberg HE. Monitoring long-term analytical quality by
computerized combined Shewart-cusum method. Scand J
Clin Lab Invest 1984;Suppl 172:43-9.

[19] Lundgren E, Hagstrom EG, Lundin J, Winnerback K, Roos J,
Ljunghall S, et al. Primary hyperparathyroidism revisited in
menopausal women with serum calcium in the upper normal
range at population-based screening 8 years ago. World J Surg
2002;26:931-6.

[20] Andersen T, McNair P, Hyldstrup L, Fogh-Andersen N,
Nielsen TT, Astrup A, et al. Secondary hyperparathyroidism
of morbid obesity regresses during weight reduction.
Metabolism 1988;37:425-8.

[21] Martins D, Wolf M, Pan D, Zadshir A, Tareen N, Thadhani
R, et al. Prevalence of cardiovascular risk factors and the
serum levels of 25-hydroxyvitamin D in the United States:
data from the Third National Health and Nutrition
Examination Survey. Arch Intern Med 2007;167:1159-65.

[22] Nordin BE, JM WI, Clifton PM, McArthur R, Scopacasa F,
Need AG, et al. A longitudinal study of bone-related
biochemical changes at the menopause. Clin Endocrinol
(Oxf) 2004:61:123-30.

[23] Cosman F, Shen V, Xie F, Seibel M, Ratcliffe A, Lindsay R.
Estrogen protection against bone resorbing effects of para-
thyroid hormone infusion. Assessment by use of biochemical
markers. Ann Intern Med 1993;118:337-43.

[24] Liu BY, Wu PW, Bringhurst FR, Wang JT. Estrogen
inhibition of PTH-stimulated osteoclast formation and
attachment in vitro: involvement of both PKA and PKC.
Endocrinology 2002;143:627-35.

[25] Adami S, Gatti D, Bertoldo F, Rossini M, Fratta-Pasini A,
Zamberlan N, et al. The effects of menopause and estrogen
replacement therapy on the renal handling of calcium.
Osteoporos Int 1992;2:180-5.



[26]

[27]

(28]

[29]

McKane WR, Khosla S, Burritt MF, Kao PC, Wilson DM,
Ory SJ, et al. Mechanism of renal calcium conservation with
estrogen replacement therapy in women in early postmeno-
pause — a clinical research center study. J Clin Endocrinol
Metab 1995;80:3458-64.

Nordin BE, Need AG, Morris HA, O’Loughlin PD, Horowitz
M. Effect of age on calcium absorption in postmenopausal
women. Am J Clin Nutr 2004;80:998-1002.

Van Cromphaut SJ, Rummens K, Stockmans I, Van Herck E,
Dijcks FA, Ederveen AG, et al. Intestinal calcium transporter
genes are upregulated by estrogens and the reproductive cycle
through vitamin D receptor-independent mechanisms. J Bone
Miner Res 2003;18:1725-36.

Ricos C, Alvarez V, Cava F, Garcia-Lario JV, Hernandez A,
Jimenez CV, et al. Current databases on biological variation:
pros, cons and progress. Scand J Clin Lab Invest 1999;59:
491-500.

[30]

31

132]

(33]

[34]

Paper Il

Determinants of serum calcium in women 9

Gallagher SK, Johnson LK, Milne DB. Short-term and long-
term variability of indices related to nutritional status. I: Ca,
Cu, Fe, Mg, and Zn. Clin Chem 1989;35:369-73.

Leifsson BG, Ahren B. Serum calcium and survival in a
large health screening program. J Clin Endocrinol Metab
1996;81:2149-53.

Cole DE, Peltekova VD, Rubin LA, Hawker GA, Vieth R, Liew
CC, et al. A986S polymorphism of the calcium-sensing receptor
and circulating calcium concentrations. Lancet 1999;353:112-15.
Scillitani A, Guarnieri V, De Geronimo S, Muscarella LA,
Battista C, D’Agruma L, et al. Blood ionized calcium is
associated with clustered polymorphisms in the carboxyl-
terminal tail of the calcium-sensing receptor. J Clin
Endocrinol Metab 2004:89:5634-8.

Ljunghall S, Joborn H, Benson L, Fellstrom B, Wide L,
Akerstrom G. Effects of physical exercise on serum calcium and
parathyroid hormone. Eur J Clin Invest 1984;14:469-73.

59






Paper Il








