Public Health Nutrition: 9(6), 792-797 DOI: 10.1079/PHN2005889

Efficacy and safety of food fortification with calcium among
adults in Finland

Tero Hirvonen' *, Heli Tapanainen', Liisa Valsta', Marja-leena Hannila', Antti Aro?
and Pirjo Pietinen'

"National Public Health Institute, Department of Epidemiology and Health Promotion, Mannerheimintie 166,
FIN-00300 Helsinki, Finland: 2National Public Health Institute, Department of Health and Functional Capacity,
Helsinki, Finland

Submitted 27 June 2005: Accepted 26 October 2005
Abstract

Objective: To examine the efficacy and safety of foods fortified with calcium in the
adult population in Finland.

Design: A simulation study based on the FINDIET 2002 Survey, which estimated
habitual food consumption, dietary supplement use and nutrient intakes using 48-
hour recall and two 3-day food records, and an Internet survey of the consumption of
fortified foods and dietary supplements.

Setting/participants: Participants of FINDIET 2002 were 25-64 years old from five
areas (n = 2007). Participants of the Internet-based survey (nz = 1537) were over 15
years of age from all over the country.

Results: 1f all potentially fortifiable foods were to be fortified with calcium, the
proportion of participants with calcium intake below the recommended level
(<800 mgday ) would decrease from 20.3% to 3.0% in men and from 27.8%to 5.6% in
women compared with the situation where no foods were fortified. At the same time,
the proportion of participants with calcium intake above the tolerable upper intake
level (UL, >2500 mg day ") would increase from 0.6% to 12.7% in men and from 0.1%
to 3.8% in women. However, in a probability-based model (11% of all fortifiable foods

to be fortified with calcium) the proportion of participants with calcium intake below Keywords
the recommended level would be 15.7% in men and 23.2% in women. The proportion Fortification
with intake above the UL in this model would be 1.2% in men and 0.7% in women. Risk assessment
Conclusions: Food fortification would be a relatively effective and safe way to increase Calcium
the calcium intake of the Finnish adult population. Adults

Adequate calcium intake is essential for obtaining permission from the National Food Agency. In recent years

sufficient peak bone mass in youth and thus for
minimising bone loss later in life'. In addition, high
calcium intake has been observed to be associated with a
low risk of colorectal cancer®? and possibly also with low
blood pressure®”. However, a high intake of calcium may
inhibit the absorption of iron, phosphorus, magnesium
and zinc®. Furthermore, there is some evidence that a very
high (>2000mgday ") intake of calcium may be
associated with an elevated risk of prostate cancer’.

In Finland, calcium intake is sufficient on average among
the adult population®. However, the prevalence of lactose
intolerance is about 17%’. Even though a wide variety of
low-lactose dairy products is available, lactose-intolerant
individuals have a lower calcium intake than other people,
particularly among women'’. Therefore, there is a need to
increase calcium intake in some population groups. Since
2002, Finnish legislation has permitted the fortification of
fruit juices with calcium at 120 mg/100 ml. Fortification of
other food products with calcium still requires special
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many food products fortified with calcium (especially fruit
juices) have appeared on the market. However, the range of
adequate and safe intake of calcium is quite narrow (800—
2500mgday” ") even for adults'"'? Therefore, food
fortification with calcium poses a risk that, in some
population groups, calcium intake could exceed the
tolerable upper intake level. Furthermore, it is not known
whether food fortification would actually decrease the
proportion of individuals with low calcium intake. Thus,
the aim of the present study was to determine whether food
fortification with calcium could be considered safe and
whether it could decrease the proportion of the adult
Finnish population with low intake.

Subjects and methods
Data on calcium intake from natural sources and from

food supplements was obtained from the FINDIET 2002
Survey, carried out as part of the FINRISK 2002 Study
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which monitors cardiovascular risk factors®. A random
sample of 12000 persons aged 25—64 years in six areas,
stratified by sex, area and 10-year age groups, was taken
from the population register. The participation rate was
65%, i.e. 7784 subjects.

The study FINDIET was carried out in five areas: (1)
Helsinki area; (2) the cities of Turku and Loimaa and some
rural communities in south-western Finland; and in the
provinces of (3) North Carelia, (4) North Savo and (5)
Oulu. Of the invited subjects 32% were randomly selected
also to the dietary survey. The final sample for the dietary
survey was 2007 subjects. The participants were inter-
viewed using the 48-hour recall. The dietary intake data
consisted of all days of the week except Fridays. A sub-
sample (n = 247) of the participants filled in a 3-day food
record twice (the first starting the day after the 48-hour
recall in early spring and the second in autumn). This
survey did not provide information on the use of fortified
foods in a systematic way. The National Food Composition
Database FINELI® (www.fineli.fi) was used to calculate
the intake of calcium from foods.

The use of dietary supplements during the previous 6
months was collected in a questionnaire. Participants filled
in the brand name of the supplement, dosage and
frequency of use. A separate dietary supplement database
was used to calculate the intake of calcium from
supplements.

Data on the consumption of fortified foods and food
supplements were obtained from an Internet-based survey
conducted by the Finnish Gallup for the National Food
Agency'?. The survey consisted of 1537 men and women
over 15 years of age. The participation rate was 72%. The
participants were asked following question: ‘Which of the
following fortified foods ( = food with added vitamins or
minerals) do you use (a) regularly, (b) occasionally
(= you have used it during the past 6 months): Fruit juices
fortified with vitamin C, fruit juices fortified with calcium,
fruit juices fortified with several vitamins, ready-to-eat

Food consumption
FINDIET
2002

Dietary supplement
use

Food composition
database
FINELI

Dietary supplement
composition database
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breakfast cereals fortified with vitamins and/or minerals,
dairy products fortified with calcium, yoghurts fortified
with several vitamins, soy products fortified with calcium,
sweets fortified with vitamins and/or minerals’. For those
who indicated having used some of these products the
brand name was asked. There were similar questions
concerning the use of dietary supplements.

The proportion of consumption of foods fortified with
calcium was estimated for all potentially fortifiable foods
from both the Internet-based survey and the FINDIET 2002
Survey. In the Internet-based survey, the proportion of
individuals who used fruit juices fortified with calcium was
6% of men and 7% of women. Since 54% of men and 61%
of women were users of fruit juice according to FINDIET
2002, we estimated that fruit juice fortified with calcium
would be consumed by 11.1% of men and 11.5% of
women. These proportions (11.1%/11.5%) were also used
as a proxy for other potentially fortifiable foods, since
there was no information on the consumption of other
foods fortified with calcium.

The modelling of calcium intake was conducted with
two methods: what—if models and probabilistic model-
ling. A flow-chart of the data is shown in Fig. 1. In the
what—if models it was assumed that all products of the
food group (e.g. fruit juices) would be fortified with
calcium. The models were constructed simulating their
appearance on the market, i.e. adding them to the model
one by one in the following order (calcium content after
fortification in parentheses): (1) fruit juices (90mg/
100 mD; (2) milk and sour milk (180 mg/100 mD; (3)
spreads (620mg/100mD); (4) yoghurt and milk-based
desserts (640 mg/100g); (5) bread (145mg/100g). The
calcium intake from foods and dietary supplements was
estimated using the method of Nusser et al."*. This method
gives the long-run average of daily intakes (usual daily
intake) by taking into account day-to-day correlation and
nuisance effects (such as day of the week and interview
sequence). It also allows exceptions from normality

INTERNET-BASED
SURVEY

Consumption of
fortified foods

Intake from food

Total
_______________________ nutrient
intake
Intake from
dietary

supplements

Fig. 1 Flow-chart of data used in the modelling. Data obtained from the Internet-based survey were used in simulations only
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Fig. 2 Estimated density function for usual calcium intake without and with fortification in the what—if models. Calcium intake was

adjusted by age, region and day of the week

fortification proportion was 50% (Table 3). On the other
hand, the proportion of individuals with calcium intake
above the UL increased with increasing extent of calcium
fortification.

Discussion

Our results indicate that food fortification is quite safe and
relatively effective in decreasing the proportion of adults
with calcium intake below the recommended level.
However, if calcium fortification proportion was 50%, in
men at least the proportion exceeding the UL became
significant.

Generally, our study is in line with others conducted
previouslyl(’*’“). However, the comparison with previous
studies is somewhat difficult, since in only one of them"
was calcium from dietary supplements taken into account.
In a Danish study, flour fortification with calcium was
found to decrease the proportion of adults with low
calcium intake from 22% to 6%'°. In a previous Finnish
study, it was observed that fortification could result in
excessive calcium intake in the highest decile'”. In an Irish
study ready-to-eat breakfast cereals had a minor impact on
calcium intake, even though the contribution of breakfast
cereals was significant for several other nutrients'®.
A Canadian study tried to define a fortification scenario

that would reduce the proportion of the population with
low intakes while minimising the proportion that could
exceed the UL". However, this goal proved difficult to
achieve, since any scenario that increased the mean
calcium intake in women to near the adequate level led to
6—7% of the men exceeding the UL.

Our study has several strengths. First, we were able to
take account of calcium intake from dietary supplements.
Second, data on the use of fortified foods were available
and could be used in probabilistic modelling. With this
method the intake estimates obtained are more realistic
than in the case where one relies on calculations in which
it is assumed that all fortifiable foods are actually fortified.

A clear weakness of our study is the high proportion of
energy underreporting in dietary surveys, also found in the
FINDIET survey”. Therefore, it is possible that calcium
intake is also affected by underreporting and that the
proportion of individuals with calcium intake above the
UL would be underestimated. In addition, our information
concerning the use of fortified products is rather limited.
Data used in our study were obtained from an Internet-
based survey which did not inquire about the consump-
tion of all fortified foods that were available. In addition,
some of the fortifiable foods were not available at the time
of the survey (bread, spreads). Furthermore, it was
obvious that at least some of the participants did not know

Table 2 Impact of fortification of individual foods or food groups on daily calcium intake in a model that assumes all fortifiable foods to be

fortified with calcium

Intake Intake
Calcium intake < 800mgday > 2500 mgday
(mgday ") (%) (%)
Men Women Men Women Men Women
From natural sources and dietary supplements 1159 (426) 1036 (363) 20.3 27.8 0.64 0.10
+ Fruit juices (10 + 80 mg/100 ml)* 1230 (456) 1109 (376) 17.0 211 1.1 0.2
+Milk and sour milk (121 + 51 mg/100 ml)* 1422 (569) 1243 (446) 12.3 15.5 45 0.93
+ Spreads (28 + 592mg/100 g)* 1528 (584) 1303 (461) 8.4 12.7 6.3 1.4
+ Yoghurt and milk-based desserts (108 + 531 mg/100 g)* 1572 (595) 1370 (477) 7.4 10.2 7.3 2.0
+Bread (16 + 129 mg/100 g)* 1784 (619) 1519 (503) 3.0 5.6 12.7 3.8

Data are presented as mean (standard deviation) or %.
* Average calcium content expressed as natural calcium + fortified calcium.
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Fig. 3 Estimated density function for calcium intake in probabilistic

fortified with calcium

if the consumed product was fortified or not, since when
they were asked to name the fortified products they
consumed it was noted that many of these products were
actually not fortified.

The risk and benefit of foods fortified with calcium
differed substantially between genders. The higher
calcium intake of men in all models is due to their higher
total food consumption. In addition, consumption of
potentially fortifiable foods is higher in men than in
women. Therefore, it is difficult to fortify foods so that the
proportion of women with intake below the rec-
ommended level would decrease markedly without
increasing significantly the proportion of men exceeding
the UL. This was also seen in the Canadian study'®. One
solution could be that foods which are consumed more by
women than by men (e.g. yoghurt and mineral water)
should be fortified with calcium.

It is surprising that even though calcium intake on
average is quite high, food fortification did not lead to any
major increase in the proportion of the population
exceeding the UL, especially in the model which was
closest to the prevailing situation (11% of potentially
fortifiable foods being fortified). However, there is a risk
that a significant proportion of the population would

T Hirvonen et al.
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models without fortification and with different proportions of food

exceed the UL if the calcium fortification proportion
increases, especially if this food is eaten in large amounts
(e.g. bread) or by a large proportion of population (e.g.
milk). This could increase the risk of harmful effects of
high calcium intake, i.e. deterioration of zinc, magnesium
or iron status or hypercalcaemia, in some population
groups.

Food fortification with calcium has also benefits since it
could reduce markedly the proportion of individuals with
very low intakes; in particular, those individuals who do
not consume dairy products could benefit from products
fortified with calcium. The problem is how to target the
fortified foods to these consumers. Proper food labelling
could be one strategy. This could also diminish the risk
that fortified foods are consumed unintentionally. Another
strategy could be consumer guidance and marketing.
Overall, we estimate that food fortification with calcium
would confer more benefits than risks, since fortification
decreased the proportion of individuals with low calcium
intake much more than it increased the proportion of
individuals with intake above the UL.

An alternative to food fortification could be dietary
supplements. They have the benefit of standard dosage
with no risk of overdose if dosage instructions are followed.

Table 3 Effect of different calcium fortification proportions on the distribution of calcium intake in probabilistic models

Calcium intake (mgday ")

Intake Intake
Mean  P,s  Pso(median)  Pzs Pos <800mgday ' (%) > 2500mg/day " (%)

Men

No fortification 1164 857 1110 1410 1931 20.0 0.97

11% of products fortified* 1232 914 1180 1488 2028 15.7 1.2

25% of consumed food fortified* 1318 992 1268 1586 2134 11.4 1.6

50% of consumed food fortified* 1473 1135 1426 1753 2315 5.8 2.8
Women

No fortification 1036 774 989 1243 1697 28.0 0.57

11% of consumed food fortified* 1086 818 1038 1301 1762 23.2 0.7

25% of consumed food fortified* 1150 875 1104 1371 1842 17.7 0.8

50% of consumed food fortified* 1265 982 1219 1495 1978 10.4 1.2

P — percentile.

*Total average calcium content: fruit juices, 90 mg/100 ml; milk and sour milk, 180 mg/100 ml; spreads, 620 mg/100g; yoghurt and milk-based desserts,

639 mg/100 g; bread, 145mg/100g.
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The drawbacks of dietary supplements are their high cost
and low compliance. In addition, if supplements are taken
in addition to fortified foods, the risk of exceeding the UL is
pronounced — especially in Nordic countries where the
consumption of dietary supplements is high®'. In the
present study, 11% of the respondents reported using both
calcium-fortified foods and dietary supplements. There-
fore, we do not recommend dietary supplements as an
alternative to food fortification. However, if calcium intake
from natural sources and fortified foods is low, dietary
supplement use is warranted. The importance of consumer
guidance and the labelling of fortified foods and dietary

supplements must be highlighted.

We conclude that food fortification with calcium is safe
provided that less than half of the potentially fortifiable
food is fortified. Calcium fortification could be a good tool
to increase safely the calcium intake among individuals
with very low calcium intake provided that these foods are

targeted correctly by labelling and marketing.
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