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Abstract A low intake of calcium is widely considered to
be a risk factor for future fracture. The aim of this study
was to quantify this risk on an international basis and to
explore the effect of age, gender and bone mineral density
(BMD) on this risk. We studied 39,563 men and women
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(69% female) from six prospectively studied cohorts
comprising EVOS/EPOS, CaMos, DOES, the Rotter-
dam study, the Sheffield study and a cohort from
Gothenburg. Cohorts were followed for 152,000 person-
years. The effect of calcium intake as judged by the in-
take of milk on the risk of any fracture, any osteoporotic
fracture and hip fracture alone was examined using a
Poisson model for each sex from each cohort. Covariates
examined were age and BMD. The results of the different
studies were merged by using the weighted f-coefficients.
A low intake of calcium (less than 1 glass of milk daily)
was not associated with a significantly increased risk of
any fracture, osteoporotic fracture or hip fracture. There
was no difference in risk ratio between men and women.
When both sexes were combined there was a small but
non-significant increase in the risk of osteoporotic and of
hip fracture. There was also a small increase in the risk of
an osteoporotic fracture with age which was significant
at the age of 80 years (RR=1.15; 95% CI=1.02-1.30)
and above. The association was no longer significant
after adjustment for BMD. No significant relationship
was observed by age for low milk intake and hip fracture
risk. We conclude that a self-reported low intake of milk
is not associated with any marked increase in fracture
risk and that the use of this risk indicator is of little or no
value in case-finding strategies.
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Introduction

Calcium nutrition is commonly considered to be impor-
tant for the attainment of peak bone mass [1,2,3,4,5]. In
later life many, but not all, observational studies have
shown an association between intake of calcium and
fracture risk but the causality of any such association is
also controversial [6,7]. Nevertheless, a low calcium in-
take is regarded as a risk factor for fracture, in part due
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to the fact that the recommended nutrient intake (RNI)
for calcium is widely considered to be between 750 and
1000 mg daily [8,9] and even higher (1200-1500 mg
daily) in the US [10,11], whereas the dietary intake is
substantially less in most regions of the world.

The causality of any association is strengthened by
observations that the administration of calcium with
vitamin D has been shown to decrease fracture risk,
particularly in the elderly and those with the lower in-
takes of calcium [12,13,14]. These trials included vitamin
D, however, and the separate effects of calcium and
vitamin D alone are less secure. In a recent meta-analysis
of 15 prospective studies of at least 1 year duration,
calcium supplements significantly decreased the rate of
bone loss at all skeletal sites. Fractures were few and,
although the combined point estimate of relative risk
was below unity in the five studies with this outcome
(0.77 for vertebral fractures and 0.86 for non-vertebral
fractures), and the effect was not significant [15].

At present, assessment guidelines do not include a low
dietary intake of calcium as a risk factor for case finding
strategies [9,16,17,18,19,20]. The question arises whether
a low intake of calcium can be utilised as a risk factor to
characterise probability of fracture. The aim of the pres-
ent study was to quantify the fracture risk associated with
a low dietary intake of calcium as judged by self-reported
intake of milk in an international setting and to explore
the dependence of this risk with age, sex and BMD.

Materials and methods

We studied 39,563 men and women taken from six pro-
spectively studied cohorts drawn randomly from popu-
lations in Europe, Australia and Canada as part of a
collaborative study to identify clinical risk factors for
fracture. These comprise the EVOS/EPOS study, CaMos,
DOES, the Rotterdam Study, the Sheffield Study and a
cohort from Gothenburg. Brief details of the cohorts
studied are given below and summarised in Table 1.

EVOS/EPOS
The European Vertebral Osteoporosis Study (EVOS)

comprised age- and sex-stratified random samples from
36 centres in 19 European countries [21]. Equal numbers

Table 1 Details of cohorts studied

of men and women were drawn in each centre within six
5-year age bands (50-74 up to 75-79 years). A base-line
radiograph for vertebral fracture prevalence was
undertaken in 15,570 men and women with a response
rate of 29%. Bone mineral density was measured in 4574
men and women from 13 centers by DXA at the femoral
neck using pencil beam machines that were cross-cali-
brated using the European spine phantom. The sample
provided the framework for the European Prospective
Osteoporosis study (EPOS) where repeated assessment
was undertaken in 29 of the centers [22,23]. For this
analysis validated follow-up was available for 13,445
men and women with an average follow-up time of 3
years. Bone mineral density measurements were under-
taken in 4574 men and women.

CaMos

The Canadian Multicentre Osteoporosis Study (CaMos)
is an on-going prospective age-stratified and population-
based cohort. The study is documenting the incidence of
fractures and risk factors in a random sample of 9401
men and women aged 25 years or more selected by
telephone listings. The sampling frame is from nine
study centers in seven provinces with a response rate of
47% [24]. Characterisation of individuals was by inter-
view. Bone mineral density was measured by DXA at the
hip in 8317 men and women at seven centers with the
Hologic QDR 1000, and the Lunar-DPX Alpha at two
centers. Machines were cross-calibrated using the
European spine phantom. For this analysis, validated
fracture follow up was available for 9401 participants
(2914 men) with an average follow up time of 3 years.

DOES

The Dubbo Osteoporosis Epidemiology Study (DOES)
is a population based study with multiple assessments of
skeletal status in men and women aged 60 years or more
from Dubbo, Australia [25]. Participation in the study
was 56% of the population. Baseline measurements in-
cluded BMD at the femoral neck assessed using DXA
(GE-Lunar DPX). Fractures were identified through
radiologists’ reports from the two centers servicing the
region. Validated fracture follow-up was available for

Cohort Sample  Person-years Mean age Age range % female Low calcium  Any Osteoporotic ~ Hip
size (years) (years) intake (%) fracture  fracture fracture
EVOS/EPOS 13,445 40,388 63.8 41-91 52 60 720 720 45
CaMos 9401 26,656 62.1 25-103 69 37 586 316 42
DOES 2065 15,920 70.4 57-95 61 40 516 405 104
Rotterdam 5408 32,447 67.7 55-94 59 3 636 473 130
Sheffield 2173 6901 80.0 74-96 100 16 292 243 63
Gothenburg I 7071 29,645 58.9 21-89 100 14 441 312 29
Total 39,563 151,957 64.3 21-103 69 35 3191 2469 413




2065 participants (805 men) with an average follow up of
8 years. Femoral neck BMD was measured at baseline in
2065 individuals (808 men).

The Rotterdam Study

The Rotterdam study, begun in 1990, is an ongoing
prospective cohort study that aimed to examine and
follow-up all residents aged 55 years and older living in
Ommoord, a district of Rotterdam [26]. By 1993, 7983
residents had been included (response rate 78%). Bone
mineral density was assessed at the femoral neck by
DXA using a Lunar DPX-L. Fracture follow-up was
undertaken using an automated link with general prac-
titioner computer systems and hospital admission data
[27]. Fracture data were collected and validated by two
independent research physicians. For this analysis, val-
idated fracture follow up was available for 5408 partic-
ipants (2220 men) with an average follow up time of 6
years. Femoral neck BMD was measured in 4979 indi-
viduals (2060 men).

The Sheffield Study

The Sheffield cohort comprised women aged 75 years or
more selected randomly from the population of Shef-
field, UK, and surrounding districts between 1993 and
1999. Approximately 35,000 women, identified from
general practitioner listings, were contacted by letter and
invited to attend for assessment of their skeletal status.
A total of 5873 women were willing to attend for the
screening visit. Of these, 281 were excluded, and the
remainder randomly allocated after informed consent to
treatment with the bisphosphonate clodronate, or to an
identical placebo. The material used for the present
paper comprised 2173 women allocated to treatment
with placebo [28]. All but 22 women had a baseline
assessment of bone mineral density undertaken at the
femoral neck using the Hologic 4500. Outcomes were
assessed by 6-monthly home visits.

Gothenburg I1

The Gothenburg study comprised a randomly drawn
population cohort of women aged 21-89 years with a
mean follow-up of up to 8 years (mean 3.8 years) [29].
Seventy percent of those invited participated in the
baseline investigation, which comprised a standardised
questionnaire for risk factors and a BMD at the distal
forearm using the OsteoMeter DTX 200. Validated
fracture follow-up was available in 7071 women and
BMD measurements in 7062.

Baseline and outcome variables

The construct of the question to determine intake of
milk differed between the cohorts studied. Where glasses
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of milk were recorded (EVOS/EPOS, CaMos, Sheffield,
Gothenburg) an intake of less than 1 glass of milk a day
was taken as the level to dichotomise the intake of milk
(approximately 250 mg calcium daily or less). The size of
glass was not standardised. The choice of cut-off was
pragmatic but corresponds to the intake below which a
large case control study indicated a significant increase
in hip fracture risk [30]. In the case of Rotterdam and
DOES, total calcium intake was recorded by a food
frequency questionnaire. A threshold of <500 mg of
calcium was used in these cohorts to dichotomise the
variable on the assumption that approximately 50% of
calcium intake is in the form of milk in these countries
[31,32]. Where intake was recorded at different ages of
life we utilised current intake of milk.

Prospective fracture ascertainment was undertaken by
self-report (Sheffield, EVOS/EPOS), and/or verified from
hospital central data-bases (EVOS/EPOS, CaMos,
DOES, Rotterdam, Sheffield and Gothenburg II). Frac-
tures considered to be due to osteoporosis were analysed
and in addition hip fracture alone was considered sepa-
rately. An osteoporotic fracture was one considered to be
due to osteoporosis by the investigator. For the EVOS
study osteoporotic fractures comprised hip, forearm,
humeral or clinical spine fractures. For the CaMos study,
they comprised fractures of the spine, pelvis, ribs, distal
forearm, forearm and hip. In the other cohorts (Sheffield,
Rotterdam, Gothenburg, DOES) fractures at sites con-
sidered to be characteristic for osteoporosis were ex-
tracted which, in addition to the sites above, included
fractures of the proximal humerus, other femoral frac-
tures, clavicle, scapula and tibial fractures in women [33].

Statistical methods

The risk of fracture was estimated by Poisson regression
applied to each cohort and each sex separately. Cova-
riates included current time, current age, milk intake and
milk intake times current age. Since risk assessment with
clinical risk factors may be undertaken with or without
the use of BMD [28], an additional model included the
covariates above with bone mineral density. Bone min-
eral density was undertaken at the femoral neck by
DXA with the exception of the Gothenburg cohort
which measured bone mineral density at the distal
forearm using the DTX-200 Osteometer.

Table 2 Risk ratio of fracture associated with low milk intake in
men and women. Risk ratio is not adjusted for BMD

Outcome Sex RR 95% confidence
interval
Osteoporotic fracture M 1.11 0.90-1.36
F 1.09 0.98-1.22
Hip fracture M 1.50 0.89-2.54
F 1.09 0.82-1.44
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Table 3 Risk ratio (RR) for osteoporotic fracture and 95% confi-
dence interval in men and women combined with a low milk intake
versus the remainder of the population

Age (years) RR without BMD RR with BMD
Mean 95% CI Mean 95% CI

50 0.97 0.79-1.19 0.96 0.76-1.22
55 0.99 0.84-1.16 0.98 0.82-1.18
60 1.00 0.88-1.13 0.98 0.85-1.14
65 1.01 0.91-1.13 1.00 0.88-1.15
70 1.05 0.95-1.18 1.05 0.92-1.20
75 1.11 0.99-1.24 1.09 0.96-1.25
80 1.15 1.02-1.30 1.12 0.98-1.28
85 1.18 1.01-1.37 1.14 0.97-1.35
All ages 1.10 1.00-1.21 1.06 0.95-1.19

Table 4 Risk ratio (RR) for hip fracture and 95% confidence
interval comparing men and women combined with a low milk
intake versus the remainder of the population

Age (years) RR without BMD RR with BMD
Mean 95% CI Mean 95% CI

50 1.53 0.61-3.83 1.29 0.44-3.76
55 1.47 0.70-3.12 1.29 0.54-3.06
60 1.41 0.78-2.55 1.26 0.64-2.48
65 1.34 0.84-2.14 1.20 0.70-2.07
70 1.25 0.85-1.84 1.14 0.72-1.80
75 1.16 0.84-1.60 1.08 0.74-1.58
80 1.13 0.85-1.50 1.08 0.79-1.49
85 1.11 0.81-1.52 1.10 0.78-1.55
All ages 1.17 0.91-1.50 1.10 0.83-1.47

The beta coefficients of each cohort for each sex were
weighted according to the variance and merged to
determine the weighted mean and standard deviation.
The risk ratio of those on low calcium intakes versus
those on higher calcium intakes was equal to e™",
Heterogeneity was tested by the I? statistic [34]. There
was no significant heterogeneity between cohorts
(P>0.3; P=13; 95% confidence interval=0-54% for
osteoporotic fracture and I*=0, 0-25% for hip frac-
ture), and a fixed effects model was used.

Results

The total sample studied was 39,563 men and women
followed for 151,957 person years (Table 1). During this
time there were 3191 fractures, 2469 fractures thought to
be related to osteoporosis, including 413 hip fractures.
Bone mineral density measurements were available in
74% of individuals.

A low intake of milk was not associated with a sig-
nificantly increased risk of osteoporotic fracture or of
hip fracture. There was no difference in risk ratio be-
tween men and women (Table 2).

When risk ratio was examined by age in men and
women combined, a low intake of milk was associated
with an increased risk of osteoporotic fracture only from

the age of 80 years. With all ages combined the risk ratio
(1.10) was of borderline significance (95% CI=1.00-
1.21; P=0.056). The association was no longer signifi-
cant when adjusted for BMD (Table 3). For hip frac-
ture, low intake of milk was not associated with an
increased risk at any age, both with and without
adjustment for BMD (Table 4). For any fracture, there
was no association of low milk intake with fracture risk
(data not shown).

The exclusion of the Gothenburg cohort, in which
BMD was assessed at the forearm, made no difference to
the overall conclusions (data not shown).

There was a weak but highly significant correlation
between intake of milk and BMD (r=0.0364;
P=4.5x10""9).

Discussion

The principal finding of the present study undertaken in
large and internationally drawn cohorts is that a low
intake of calcium, as judged by the intake of milk, does
not confer a substantial increase in fracture risk. No
significant association was noted between intake of milk
and the risk of hip fracture at any age and in either sex.
For osteoporotic fractures (but not for hip fracture
alone), a small, but significant risk was found from the
age of 80 years, but not in younger individuals. The
association was no longer significant when adjusted for
BMD. These results are in agreement with results re-
ported from a large prospective cohort of more than
60,000 women aged 40-74 years from central Sweden in
whom more than 1500 hip fractures and 4000 osteopo-
rotic fractures were studied. The age adjusted relative
risk of hip fracture was 1.01 (95% CI=0.96-1.06) per
300 mg calcium/day and for all osteoporotic fractures
0.99 (0.96-1.03) [35]. They also accord with meta-anal-
yses of other prospective studies of dietary intake [36] or
calcium supplementation [15], although a non-signifi-
cant trend for a reduction in vertebral and non-vertebral
fracture was observed. It is of interest that intake of milk
correlated significantly with BMD. The correlation was,
however, low with a coefficient of determination of
0.13%. From the correlation coefficient, it can be cal-
culated that a sample size of >500,000 would be re-
quired to show a relationship between milk intake and
fracture risk. This is probably an underestimate, since
the correlation was computed from the dichotomous
variable that overestimates the true correlation coeffi-
cient.

The strength of the present study is that the estimate
of risk is derived from several prospective studies of
randomly selected population cohorts from a wide
geographical distribution. The same cohorts have been
used to assess the effects of prior corticosteroid use, low
body mass index and prior fracture on fracture risk and
these have shown significant associations that lend
credibility to the suitability of these cohorts for the
identification of risk factors for fracture [37,38,39]. One



limitation of the study is the construct of the question
concerning calcium intake, which differed somewhat
between cohorts and at best lacks precision and accu-
racy. Although total calcium intake was recorded in two
of the studies and would have included calcium sup-
plements, in other cohorts calcium supplements may
have confounded the relationship between intake of milk
and total intake of calcium. The effect of this heteroge-
neity is likely to weaken any association. Moreover, we
were unable, using the construct of the question, to
examine intakes of calcium lower than 500 mg daily, so
that we cannot exclude a threshold effect as has been
shown in case control studies for hip fracture risk
[30,40], albeit with a threshold similar to the one that we
used to dichotomise milk intake. Finally, we neglected
sources of calcium intake other than milk, including
cheese and yoghurt, and variations in dietary vitamin D
or sunlight exposure [30,40,41]. This study should not,
therefore, be misinterpreted as suggesting no causative
role of calcium in the causation of fractures, nor a role
for calcium nutrition in their prevention. Indeed, the
association of an increased risk of osteoporotic fracture
in the elderly is consistent with an important role for
calcium in the elderly in whom other risk factors are
more prevalent including immobility and lack of sun-
light exposure.

Notwithstanding, the aim of the study was to deter-
mine the suitability of the use of calcium intake, as
judged by intake of milk, as a risk factor for patient
assessment by general physicians alongside the elucida-
tion of other clinical risk factors. In this context, the use
of more accurate but more complex instruments to
determine intake is likely to be unfeasible in a general
practice setting.

We conclude that if habitual dietary intake of calcium
is a significant risk factor for fractures, a simple ques-
tionnaire on the intake of milk is unlikely to be of value
as an adjunct to case finding.
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