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Abstract
Study objective—Deficiencies in calcium
and vitamin D intakes are involved in the
aetiology of osteoporosis, and health au-
thorities recommend that the population
consume a diet providing suYcient cal-
cium and vitamin D. However, in 1987 the
Danish Government withdrew a manda-
tory fortification of flour with calcium.
This study examines intakes of calcium
and vitamin D over time, in relation to
food patterns, recommendations, and leg-
islation.
Design—Food and nutrient intakes were
measured by a short food frequency ques-
tionnaire (FFQ) and a thorough diet
history interview, in 1987/88, and again six
years later.
Setting—Copenhagen County, Denmark.
Participants—329 men and women, aged
35–65 years at first examination in 1987/88.
Results—At both examinations the non-
enriched median intakes of calcium in
men as well as women were above the rec-
ommended 600 mg/day. However, appar-
ently the fortification of flour supplied up
to 30% of the total calcium intake, and
without the mandatory fortification, the
percentage of adults with intakes below
this recommendation increased from 6%
to 22%. This group of subjects consumed
cheese, milk, and oatmeal less often than
those who had calcium intakes over 600
mg/day. During the study period the
median intakes of vitamin D, which were
well below the recommended 5 µg/day, did
not change significantly. Associations be-
tween foods and vitamin D intakes were,
in general, weak and insignificant, except
for a positive association with fish intake.
Conclusions—Data on calcium intakes
suggest that the decision to stop the man-
datory fortification of flour with calcium
may have been premature. The short FFQ
may be used for a rough classification of
people in relation to their calcium intake,
while this method seems insuYcient for
ranking vitamin D intakes.

(J Epidemiol Community Health 1998;52:161–165)

With more than 10 000 cases each year, and an
increasing incidence, hip fractures represent a
major health problem in Denmark, as well as in
many other westernised countries, osteoporosis
being the most common cause. The composi-
tion of the diet plays an important part for bone

mineral content.1 For instance, it is probable
that a diet, deficient in calcium during
childhood, reduces the peak bone mass
achieved between 20–30 years of age. Further-
more, it has been shown that among adult
postmenopausal women, an adequate dietary
intake of calcium and vitamin D can minimise
the amount of bone mineral loss, and thereby
the subsequent risk of bone fractures.1 There-
fore, health authorities have recommended that
populations, and especially women, consume a
diet providing suYcient calcium and vitamin
D, for example, high intakes of dairy products
and fish with a high fat content. Furthermore,
to prevent calcium deficiency in the Danish
population, flour has been fortified with
calcium, 200 mg/100 g wheat flour and 400
mg/100 g ryeflour, since 1954, and until 1987
when the mandatory fortification was stopped.
The possible eVect of this policy on calcium
intakes in a Danish population has not yet been
investigated. Similary, in Britain, where cal-
cium has been added to flour since 1942, the
fortification policy has been questioned.2

Today it is generally accepted that compli-
ance with dietary recommendations may be
better, and more easy to monitor, if recommen-
dations are formulated in terms of foods rather
than nutrients. Changes in food intake are
often measured by a food frequency question-
naire (FFQ).Hence, from a public health point
of view, it is important to know if food intake,
measured by short FFQs, can be used for
monitoring nutrient intakes. A number of
FFQs, which can be used particularly for esti-
mating the usual calcium intake, have been
developed.3-6 However, to our knowledge, there
are no studies describing how food intake,
measured by a short FFQ, associate with
calcium and vitamin D intakes in the general
population.
Therefore, this study aims at evaluating

intakes of calcium with and without the
mandatory calcium enrichment of flour, and
examining how food intake patterns, estimated
from a short FFQ, associate with intakes of
calcium and vitamin D over time, and in
relation to dietary recommendations.

Methods
SUBJECTS

The study included 552 Danish citizens aged
35, 45, 55, and 65 years. This group was an age
and sex stratified random sample of the popu-
lation in the western part of Copenhagen
County selected from the Central Person Reg-
ister. All subjects were invited to a general
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health examination. Of the 552 subjects
invited, 435 agreed to participate in this study
and to give a diet history interview. Non-
participation has been described earlier.7

The study was a part of the Danish
MONICA project and was carried out in
collaboration with the Copenhagen County
Centre of Preventive Medicine. The examina-
tion (GEN-MONICA) was carried out from
December 1987 to November 1988. After six
years, 511 of the 552 subjects originally
sampled were alive, and could be invited to a
follow up examination, and 365 (71%) at-
tended. Of these, 329 had also participated in
the GEN-MONICA study. The 106 and 36
subjects who did not participate in the follow
up or baseline examinations, respectively, had
the same distribution by sex, age, body mass,
and energy intake as the 329 subjects who
attended both examinations (all p > 0.20). The
present analysis includes these 329 subjects.
This sample is considered to be representative
of the total sample. The 163 men and 166
women of the sample were equally distributed
across the four age groups and had a mean
BMI of 25.2 and 24.6 kg/m2, respectively.

FOOD FREQUENCY DATA

The method of data collection was the same at
the two examinations.
An extensive questionnaire on sociodemo-

graphic variables, lifestyle, and health was
completed before the general health examina-
tion, and the dietary history interview. This self
administered questionnaire included questions
about how often 26 food items were consumed.
A few food groups were added because they
were not mutally exclusive, therefore the
present analysis is based on 24 food groups.
The alternatives used in the frequency scale
were as follows: never, once a month or less, 2
to 3 times a month, once a week, 2 to 3 times a
week, once a day, 2 to 3 times a day, and 4 times
or more daily. In the statistical calculations, the
scale alternatives have been converted into
weekly frequencies. The same short FFQ has
been used by the WHO for monitoring food
consumption patterns in the MONICA
project,8 and has furthermore been validated as
a part of the present study.9 This validation
showed, that the mean food intake measured
by a diet history interview increased with
increasing frequency category of the FFQ,
indicating that this questionnaire was able to
identify levels of food intake correctly. Further-
more, those who reported a less frequent intake
by the FFQ in 1993/94 compared with
1987/88 also had lower mean daily intakes
according to the diet history information. Thus
the short FFQmay be used to monitor changes
in food patterns at a group level.

DIET HISTORY INTERVIEW

In 1987/88, and six years later, the same
trained dietitian interviewed all the subjects
about their habitual diet by the diet history
method. The diet was assessed, based on infor-
mation for the previous month, and average
daily intakes were calculated from this infor-
mation. Meal patterns, dishes, and foods were

explored by interview using a detailed pre-
coded interview form. Quantities were ex-
plored by the use of food models, photo series,
cups, and measures. This instrument has been
validated earlier.7 Nutrient calculations were
carried out with the DANKOST program,
which is derived from the Danish Food
Composition Tables. This database included
835 food items in 1988, but in 1991 it was
extended and now comprises 1250 food items.
The intakes of calcium and vitamin D were

estimated from the diet history reports. The
intake of calcium from 1987/88 was calculated
using food composition tables based on values
both with, and without, enrichment of flour. As
nutrient intakes are strongly associated with
energy intake, relative measures, for example,
amounts per MJ consumed, have been calcu-
lated. Table 1 gives the distribution of the
intakes of energy, calcium, and vitamin D at
both examinations.

STATISTICAL METHODS

The intakes of calcium and vitamin D were
approximately normally distributed. DiVer-
ences in mean values were examined using a t
test. The FFQ data were measured on an ordi-
nal scale, and diVerences in food intake
between groups of subjects complying, or not
complying, with recommended daily intakes of
calcium (> 600 mg) and vitamin D (>5 µg)
were examined using a non-parametric
Wilcoxon-Mann-Whitney test. Stepwise multi-
ple linear regression analyses were used to
select the foods in the FFQ groups that best
predicted intakes of calcium and vitamin D,
assessed from the diet history. The dependent
variables included the absolute and relative
intakes of calcium and vitamin D, calculated
from the diet history interview. The 24 foods
listed in table 2 were entered into the equation.
The criterion applied for adding new variables
in to the equation was that each new variable
had to improve the variance explained by the
model with at least 1.5%. All models were
screened for colinearity between independent
variables by variance inflation factors. This
excercise showed that colinearity was not a
problem. The analyses were carried out for the
whole group, for men and women separately,
and furthermore for the women stratified by
age older and younger than 51 years. The sex
and age specific models diVered only slightly,
and therefore the results will not be com-
mented on in the text.
Individual changes in food intake measured

by the FFQ method were estimated by
subtracting the 1993/94 score value from the
1987/88 value. A negative value indicates a
more frequent food intake, zero values mean no
change, and a positive value indicates a less fre-
quent food intake. Changes in absolute nutri-
ent intake, reflected by the diet history method,
were assessed in the same manner. A stepwise
regression analysis was used to identify those
changes in the intake of the 24 individual food
items that best predicted changes in intakes of
calcium and vitamin D.
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Table 1 Median, 25th and 75th percentiles of energy, and the absolute and relative intakes of calcium and vitamin D in
Danish men and women estimated from diet history interview in 1987/88 and 1993/94. DiVerences in intakes at baseline
and follow up given (p values)

Percentiles

25th 50th 75th p values

Energy (MJ/day)
Total
1987/88 6.8 8.3 10.4 0.07
1993/94 7.2 8.5 10.8

Men
1987/88 8.2 10.2 11.9 0.24
1993/94 8.6 10.5 11.9

Women
1987/88 5.9 7.2 8.3 <0.01
1993/94 6.4 7.5 8.5

Calcium (mg/day)
Total
1987/88f 879 (113) 1215 (146) 1594 (176) <0.01 (<0.01)*
1987/88 625 (79) 838 (105) 1187 (133) 0.23 (0.87)
1993/94 647 (80) 855 (101) 1147 (121)

Men
1987/88f 977 (107) 1344 (137) 1810 (163) <0.01 (<0.01)*
1987/88 668 (70) 942 (95) 1257 (118) 0.27 (0.23)
1993/94 710 (75) 944 (96) 1263 (117)

Women
1987/88f 825 (126) 1068 (154) 1415 (189) <0.01 (<0.01)*
1987/88 612 (87) 793 (119) 1079 (143) 0.60 (0.20)
1993/94 616 (88) 800 (107) 1068 (137)

Vitamin D (µg/day)
Total
1987/88 1.7 (2.1) 2.6 (3.0) 4.1 (4.5) 0.19 (0.17)
1993/94 1.7 (2.0) 2.6 (2.9) 4.5 (5.4)

Men
1987/88 2.2 (2.3) 3.1 (3.3) 5.3 (4.7) 0.61 (0.49)
1993/94 1.8 (1.8) 2.9 (2.8) 6.0 (5.7)

Women
1987/88 1.4 (2.0) 1.9 (2.9) 3.1 (4.1) 0.13 (0.23)
1993/94 1.6 (2.1) 2.3 (3.1) 4.0 (5.3)

f=Fortified. Relative intakes (in mg or µg/MJ) in parentheses. *, t Test fortified versus non-fortified values.

Table 2 Average food intake frequencies in men and women complying, or non-complying, with recommended guidelines
for calcium intake

Mean food intake frequency (times per week)

1987/88 1993/94

Non-compliers (n=74)
Compliers
(n=255) Non-compliers (n=52)

Compliers
(n=277)

Fats and dairy foods
Animal fats 8.1 8.6 9.4 8.0
Vegetable m 6.0 6.7 5.0 5.4
Low-fat m 4.2 3.6 5.0 3.6
Cheese 5.0 7.7§ 5.0 6.8*
Milk, yoghurt 2.6 8.3§ 2.1 7.5*

Meats, eggs, fish
Eggs 1.7 2.3§ 1.7 1.8
Fish 0.7 1.0 1.0 1.1
Meat 5.5 4.9 5.0 4.9
Sausages 5.0 5.2 4.4 4.9

Fruits and vegetables
Fruit 5.0 5.9 5.0 5.8
Juice 1.8 1.9 3.0 1.9
Vegetables 7.7 6.2 4.6 5.8

Breads, cereals, starches
Coarse bread 3.6 4.6 4.3 4.7
Dark ryebread 7.3 8.7 8.0 9.0
White bread 3.8 3.6 3.9 3.2
White ryebread 3.2 3.1 3.7 3.7
Oatmeal 0.5 1.4§ 0.7 2.1*
Pasta 0.4 0.5 0.8 0.9
Potatoes 4.2 4.3 4.1 3.9
Rice 0.9 0.9 0.9 1.0

Baked goods, sweets
Cakes, biscuits 2.0 2.1 1.9 2.6
Candy, chocolate 1.6 1.5 2.5 1.7
Jam, honey 2.9 3.3 3.1 3.1
Ice cream, soda 1.5 1.7 2.1 1.6

Animal fats=butter, traditional margarine, lard; m=margarine; soda=carbonated beverages.
*p<0.01:Wilcoxon-Mann-Whitney test compliers with a daily calium intake of 600 mg/day or more, versus non-compliers with daily
calcium intake of less than 600 mg/day.
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Results
CALCIUM INTAKE

Table 1 shows that absolute intakes of calcium
were highest in men, while relative intakes
(mg/MJ) were highest in women. Calculating
calcium intake from food composition tables,
with and without flour fortification, showed
that the enrichment of flour resulted in an
average increase in calcium intake of about
30%, or approximately 300 mg/day.
Assuming all flour consumed in 1987/88 had

been enriched by calcium, only nine men (6%)
and 12 women (7%) would have had intakes
lower than the recommended 600 mg/day.
Without the enrichment, 34 men (21%) and 40
women (24%) would have had intakes below
recommendations. Compared with those com-
plying with recommendations, these subjects
consumed cheese, milk, eggs, and oatmeal less
often (table 2). The multivariate analysis
showed that, in 1987/88, 37% of the variation
in calcium intake (both enriched and non-
enriched data) was explained by the consump-
tion frequency of six food items (milk,
sausages, candy, vegetables, meat, and fruit)
(table 3).
In 1993/94, the intake of calcium was below

recommendations for 19 men (12%) and 33
women (20%), and as at baseline this group of
subjects consumed cheese, milk, and oatmeal
less frequently than those with daily calcium
intakes over 600 mg (table 2). In the multivari-
ate analysis, 40 % of the variation in the relative
intake of calcium was explained by milk and
sausages (table 3).
The non-enriched mean intakes of calcium

did not change significantly during the study
period (table 1). In the regression analysis
individual changes in the consumption fre-
quency of milk, oatmeal, cheese, and vegetables
were significant predictors of changes in
calcium intake during the study period (table
4).

VITAMIN D INTAKE

Table 1 shows that the median intake of
vitamin D was well below the recommeded 5
µg/day. The absolute values were lower in
women than in men, while there were no sex
diVerences in the relative intakes. One hundred
and twenty one men (74%) and 152 women
(92%), had intakes lower than the recom-
mended 5 µg/day. Fish were consumed signifi-
cantly less often in subjects with insuYcient
intakes, than in subjects with suYcient intakes
(p<0.01). The multivariate analyses showed
that none of the food items from the food fre-
quency questionnaire were significantly related
to vitamin D intake.
As at baseline, the 116 (71%) men and 143

(86%) women with low vitamin D intakes at
follow up consumed fish less often, compared
with those with suYcient vitamin D intakes. In
the multivariate analysis the consumption of
fish now explained about 4% of the total
explainable variation in vitamin D.
The average intake of vitamin D did not

change significantly during the study period
(table 1), and in multivariate analysis none of
the changes in consumption the frequency, of
any foods, were predictors of individual
changes in vitamin D intake.

Discussion
This study showed that although calcium
intake is adequate for most adults, the
fortification of flour may have supplied up to
30% of the total calcium intake, and without
this mandatory fortification the percentage of
adults with intakes below recommended level
increased from 6% to 22%. In Denmark, forti-
fication was introduced based on an assump-
tion, unsupported by actual evidence, that cer-
tain subgroups of the population consumed
insuYcient calcium.10 The first nationwide
food survey in Denmark, in 1985, estimated
that, in general, calcium intake was adequate,
which in addition to the adverse eVects of a
high calcium intake such as inhibition of the
absorption of other minerals,11 led to the ques-
tioning of the relevance of the enrichment.12

Consequently, the mandatory fortification of

Table 3 Stepwise multiple regression analysis (regression coeYcients (b), standard error
(SEM), 95% confidence intervals (95%CI), and cumulative variance (r 2)) of associations
between intake frequency of food items and relative daily calcium intake(mg/MJ) in 329
Danish men and women

Food items b SEM 95%CI r 2

1987/88
Milk, yogurt 0.03 0.03 0.25, 0.36** 0.21
Sausages −0.26 0.06 −0.37,−0.15** 0.27
Candy, chocolate −0.15 0.06 −0.26,−0.03* 0.31
Vegetables 0.19 0.07 0.07, 0.32* 0.33
Meat −0.18 0.08 −0.33,−0.03* 0.35
Fruit −0.19 0.08 −0.34,−0.03* 0.37

1993/94
Milk, yogurt 0.33 0.04 0.28, 0.43** 0.33
Sausages −0.25 0.06 −0.37,−0.14** 0.40

*p<0.05; **p<0.01.

Table 4 Stepwise multiple regression analysis (regression coeYcients (b), standard error
(SEM), 95% confidence intervals (95%CI), and cumulative variance (r 2)) of associations
between change in intake frequency of food items and change in calcium intake(mg/day)
from 1987/88 to 1993/94 in 329 Danish men and women

Food items b SEM 95%CI r 2

Milk, yogurt 11.2 4.8 1.6, 20.9** 0.09
Oatmeal 23.0 7.1 8.9, 37.1** 0.15
Vegetables −11.6 3.7 −17.6,−3.1** 0.19
Cheese 10.3 4.6 2.5, 20.8** 0.22

**p<0.01.

KEY POINTS

+ Removal of calcium fortification from
flour in Denmark in 1987 increased the
fraction of adults with intakes below rec-
ommendations from 6% to 22%.

+ Subjects with low calcium intakes con-
sumed cheese, milk, and oatmeal less
often than those complying with recom-
mendations.

+ Nearly 80% of adult Danes had vitamin
D intakes below the recommended 5
µg/day, and they consumed fish less often
than those complying with recommenda-
tions.

+ Milk consumption measured by a short
food frequency questionnaire explained
about 30% of the variation in calcium
intake.
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flour was stopped in January 1987.However, in
Britain, where the fortification policy has also
been questioned,2 Hackett et al,13 and later
Moynihan et al,14 were able to show that
calcium fortification of flour supplied some
15% of the total calcium intakes in the diet of
English adolescents, and the recommendation
from the DHSS, to stop the mandatory flour
fortification, has never been implemented.15 We
showed that the removal of the mandatory for-
tification of flour in Denmark more than dou-
bled the fraction of adults with intakes below
recommendations, and suggest that the re-
moval of calcium fortification from flour may
have been premature. To our knowledge no
studies have evaluated the possible beneficial,
or adverse, eVects of calcium fortification. In
this context, ecological studies would show that
the hip fracture incidence has been steadily
increasing since 1980.16 Those may suggest
that calcium fortification of flour has had no
eVect on bone mineralisation in those who
were at middle age in the 1950s. On the other
hand, it may be speculated that it is the calcium
intake in adolescence and young adulthood
that determine bone mineral content later in
life. As a consequence, the eVect of withdrawal
of the mandatory calcium fortification on the
incidence of hip fractures, should not be
apparent before the 2030s.
The associations between food intake meas-

ured by the FFQ, and calcium intake, assessed
by diet history, showed that the known most
important sources of calcium in the Danish
such as milk and cheese were included in most
predictive models. Intake of sausages was
negatively associated with calcium intake, indi-
cating that a frequent consumption of sausages
may serve as an indicator of a food intake pat-
tern low in calcium.
As in this study, other dietary studies of

Danish adults, have shown that the intake of
vitamin D is well below the national recom-
mendations, with no specific groups at risk.11

There were only small changes in the intake of
vitamin D over the six year period between
1987/88 and 1993/93. We find it probable that
the stability in intake of vitamin D over time, as
shown by this study, reflects a truly stable
intake, and does not depend on methodologi-
cal issues, as the data were collected (a) at the
same place (b) by use of the same question-
naire, and (c) by the same dietitian. All
associations between vitamin D intake and
food items, were weak. Vitamin D is only
present in foods of animal origin. The content
is highest in fat fish (>3 µg/100g), and in full fat
dairy products and meat (<1 µg/100g). The
FFQ did not specify type of fish, dairy or meat
products and, hence, grouped these foods in
very broad and non-specific categories. This
may have obliterated the between person varia-
tion for the specific foods high in vitamin D,
and may explain the relatively weak associa-
tions found for these food groups. Other expla-
nations include the possibility that the food
composition tables are less valid for vitamin D
than for other nutrients such as calcium, or that
vitamin D intake is reflected by the intake of
foods high in fat, which may be more liable to

be underreported.17 On the other hand the
stronger, and significant association between
fish and vitamin D intake found in 1993/94
could represent a shift towards eating more fat
fish, related to health information about the
benefits of fish oil. However, it may also be
because of chance, as many statistical tests
were carried out.
Based on the present analyses, it is con-

cluded that the average intake of calcium and
vitamin D did not change significantly during
the study period. However, a recalculation of
the data using food databases with and without
flour fortification showed, that without this
enrichment the percentage of adults with
intakes below recommended levels increased
from 6% to 22%. The decision to stop the
mandatory calcium fortification in Denmark
may thus have been premature. We further
conclude that the short FFQ may be used for a
rough classification of people as to their
calcium intakes, while this method seems
insuYcient for ranking vitamin D intakes.
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