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Abstract

Background: A central element in establishing maximum amount of micronutrients in fortified foods and
supplements is to reach to an agreement on how to estimate high intakes of vitamins and minerals from the
European diet.

Objective: To examine whether ratios between the 95th percentile and mean intakes of vitamins and minerals
show similarities across different countries independent of dietary habits and survey methods and if so, to
suggest a simple and pragmatic way to calculate common estimates of high micronutrient intakes from foods.
Design: Intake data of selected vitamins and minerals from nine European countries were examined for adult
females and males and for children aged 4-10 and 11-17 years. The ratios between the 95th percentile and
mean intakes were calculated for each micronutrient, country, and age group.

Results: The ratios for each micronutrient follow a fairly regular pattern across countries and survey methods
with differences between age groups.

The nutrients fall into three categories: nutrients with ratios between 1.45 and 1.58 — energy, magnesium,
phosphorus, zinc, iron, vitamin Bg, niacin, and folate; nutrients with ratios between 1.67 and 1.79 — calcium,
selenium, vitamin E, iodine, and copper; nutrients with ratios between 2.08 and 2.32 — vitamin A, vitamin D,
and retinol.

Conclusion: Sufficiently precise estimates of high micronutrient intakes across European countries can be
reached by multiplying the overall average of ratios (P95/mean intakes) for each micronutrient with the
corresponding mean intakes from all available dietary surveys in Europe. This approach is a simple and
pragmatic way to create common European estimates of high micronutrient intakes from foods.

Keywords: 95th percentile; mean; ratio; dietary surveys

Received: 26 October 2008; Revised: 2 June 2009; Accepted: 29 June 2009; Published: 5 October 2009

CCACTION

he EU legislation on the addition of vitamins and

minerals to foods and food supplements has

provided for a harmonization of the regulation
on the vitamin and mineral content of fortified foods and
food supplements (1-3). Several groups have addressed
this topic and suggested models for safe addition
of vitamins and minerals to foods (4-7). The models of
Flynn et al. (4) and Rasmussen et al. (5) include all
micronutrients and estimate the maximum amount of
added vitamins and minerals expressed per energy unit
in a kind of worst-case scenario. Contrary to Flynn, the
model of Rasmussen includes children. The Finnish
model tries to find a fortification concentration per

energy unit that maximizes the proportion of the
population for whom the intake is between the average
requirement and the upper tolerable intake level (6).

A central element in the process of harmonizing
regulations is to reach to an agreement on figures
estimating high intakes of vitamins and minerals from
the diet. Several European countries accomplish national
representative dietary surveys at an individual level,
which allow calculations of intake distributions of energy,
macro and micronutrients and thereby estimates of high
intake levels. However, for both practical and methodo-
logical reasons it is not an easy task to unite data from
each survey into one common ‘European’ sample (4).
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Therefore a shortcut by other means is necessary in order
to reach reasonable valid estimates of high dietary
micronutrient intakes.

Energy intake is the most important determinant
of micronutrient intake from unfortified foods at the
individual level. For most vitamins and minerals, intakes
are positively correlated to energy intake (8). Therefore, it
is reasonable to expect some similarities in the intake
distributions of micronutrients, implying similar ratios
between high and mean intakes.

Based on these considerations it should be possible
to suggest a simple and pragmatic way to merge dietary
intake data from different countries and create common
estimates of high micronutrient intakes from foods. The
objective of the present study is therefore to investigate if
the ratios between the 95th percentile and mean micro-
nutrient intakes from foods show the expected similarity
in dietary intake data from selected European countries.

Methods

The analysis is based on food consumption data collected
in nine European countries: Denmark, Finland, Ger-
many, Ireland, Italy, Poland, Spain, The Netherlands, and
United Kingdom. The data were collected by an Interna-
tional Life Science Institute (ILSI) Europe Expert Group
(9). The selected micronutrients are vitamin A, retinol,
vitamin D, vitamin E, niacin, vitamin Bg, folate, calcium,
magnesium, iron, zinc, phosphorus, iodine, selenium, and
copper. Data reflect intakes from natural sources plus
mandatory fortification (practiced in Denmark, Ireland,
and Poland) — other fortification and supplements are not
included.

Food consumption data derive from different national
representative dietary surveys (Table 1). The survey
methods comprise seven-day records or diaries with
estimated or weighed amounts of foods (Denmark,
Ireland, Italy, and UK) and 24 (Poland) or 48-hour recall
(Finland, The Netherlands, and Spain). Germany used a
modified diet history and the Dutch and Spanish recalls
were supplied with semiquantitative food frequency
questionnaires. The data from Spain and The Nether-
lands have been adjusted to correct for short registration
period (9).

Intake of nutrients was calculated using national food
composition databases. No correction for underreporting
was done. The intake data provide data from four groups:
children 4-10 years, children 11-17 years, adult women,
and adult men. The analytical process included Steps 2
and 3 of the following four steps for each of the selected
vitamins and minerals and for each selected gender and
age group:

1) Calculation of mean intakes from each of the
dietary surveys (an estimate of mean European
intake).
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2) Calculation of the ratio between the 95th per-
centile and mean intake in each survey.

3) Calculation of the average of the ratios.

4) Calculation of the common estimate for high
intake as the product between Steps 1 and 3 (an
estimate of European 95th percentile intake).

Results
Average ratios for each country and the overall average
arranged in ascending order are shown in Table 2. The
results show that for each nutrient the ratio has approxi-
mately the same value from one survey to another,
implying that the ratio between high and average intake
of micronutrients follows a regular pattern across coun-
tries and survey methods. However, some impact of the
dietary intake methodologies can be identified. The
Polish ratios are systematically higher than those of the
other countries due to the short registration period,
which causes a wider intake distribution. The Spanish
and to some extent also the Dutch ratios are lower than
the others probably because of adjustment of primary
data. In the present analysis it was decided not to exclude
any of these results.

Overall, the ratios can be divided into three categories:

1) One category with overall ratios of the 95th
percentile and mean intake between 1.48 and
1.58; this range in ratios is close to the energy
ratio (1.45) and includes the nutrients: magne-
sium, phosphorus, zinc, iron, vitamin Bg, niacin,
and folate.

2) Another category has overall ratios in the range
between 1.67 and 1.79 and includes the nutrients:
calcium, selenium, vitamin E, iodine, and cop-
per.

3) A third category has overall ratios in the range of
2.07-2.32 and comprises the nutrients: vitamin
A, vitamin D, and retinol.

In Table 3, ratios of energy and micronutrients for young
and older children, and adult females and males are
presented. No large differences between adults and
children aged 4-10 years are seen. Ratios for the group
of young children tend to be slightly lower than the ratios
for adults. The intake distributions of children aged 11-17
years are wider and thus the ratios higher because of a
wider range in energy requirements in this group. An
exception from this tendency is the ratios of vitamin A,
vitamin D, and retinol, which are lower than other group
values.

Discussion

The results of the present study show that the ratio
between high and mean intake for each micronutrient is
fairly stable from one survey to another. The similarity
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Table 1. National dietary surveys with information on year, methodology, survey size, and age range

Country Year Methodology used n Age range  Reference
(years)
Denmark 20002004 Seven-day pre-coded record 5,885 4-75 (10)
Germany 19971999 Modified diet history 4,030 18-79 (rn
Finland 2002 48-hour recall +survey on use of fortified foods, for distribution 2,007 25-64 (12)
modeling: Monte Carlo simulation (fortification) and C-SIDE”
Ireland 1997-1999 Seven-day estimated food diary 1,379 18-64 (13)
20032004 Seven-day weighed food diary 594 5-12
Italy 1994-1996 Seven-day record (non-pre-coded food) 1,978 0-94 (14)
The Netherlands 2003 Two 24-hour recall in non-consecutive days and a 750 19-30 (15)
semiquantitative food frequency questionnaire
1997-1998 Food record on two consecutive days and a semiquantitative 5,958 1-95 (16)
food frequency questionnaire
Poland 2000 24-hour recall 4,134 1-96 (17)
Spain 2002-2003 Two 24-hour recall in non-consecutive days and a 2,160 10-80 (18)
semiquantitative food frequency questionnaire 1,613 18-64
1998-2000 One 24-hour recall and a semiquantitative food frequency 3,534 2-24
questionnaire 1,860 4-17
United Kingdom 1997 Dietary interview; seven-day food and supplements diary and 2,127 4-18 (19)
seven-day weighed intake
20002001 2,251 19-64 (20)
1994-1995 1,632 65+ 1)

Table 2. Average of ratios (P95:Mean intakes) from national dietary surveys in nine European countries

Denmark  Finland  Germany Ireland Italy Poland  Spain The Netherlands United Kingdom  Average
Energy 1.45 1.46 1.53 1.42 1.42 1.66 1.34 1.37 1.42 1.45
Magnesium 1.50 1.48 1.52 1.50 1.48 1.63 1.28 1.43 1.51 1.48
Phosphorus 1.55 1.52 1.57 1.47 1.44 1.71 1.29 1.41 1.48 1.49
Zinc I.51 -2 1.53 1.58 1.47 1.72 1.30 1.39 1.51 1.50
Iron 1.51 1.58 1.52 I.55 1.52 1.79 1.30 1.43 1.62 1.53
Vitamin B¢ 1.52 1.63 1.49 1.58 1.49 1.80 1.36 1.42 1.60 1.54
Niacin 1.52 1.50 1.53 = 1.52 2.06 1.27 = 1.54 1.57
Folate 1.63 1.62 1.59 1.58 1.62 1.72 1.41 1.49 1.66 1.58
Calcium 1.70 1.74 1.73 1.69 1.57 2.09 1.38 1.58 1.64 1.67
Selenium 1.59 1.51 = - 1.76 1.91 = 1.49 = 1.67
Vitamin E 1.69 1.67 1.70 = 1.70 2.19 1.43 1.64 1.74 1.72
lodine 1.63 1.56 1.63 2.00 = 1.88 = = 1.77 1.76
Copper 1.86 = 1.59 = 1.66 1.72 - 2.18 1.63 1.79
Vitamin A (total) 2.05 2.35 1.90 2.17 2.58 2.18 1.39 2.05 2.11 2.08
Vitamin D 2.32 221 2.34 2.42 2.20 2.49 2.02 1.78 2.12 2.20
Retinol 222 2.84 243 2.34 3.26 1.97 1.45 2.37 2.34 2.32

?Intake is not reported.
Note: The overall average is based on ratios from all gender and age groups, i.e. normally four ratios from each country.
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Table 3. Average of ratios (P95:Mean intakes) from all counties divided into age and gender groups

Children Children Females Males Average
4-10 years 11-17 years > 18 years > 18 years
Energy 1.38 (7) 1.49 (6) 1.46 (9) 1.46 (9) 1.45
Magnesium 1.44 (7) 1.53 (6) 1.47 (9) 1.48 (9) 1.48
Phosphorus 1.45 (7) 1.54 (6) 1.48 (9) 1.48 (9) 1.49
Zinc 1.50 (6) 1.53 (6) 1.48 (8) 1.51 (8) 1.50
Iron 1.51 (7) 1.56 (6) 1.52 (9) 1.55 (9) 1.53
Vitamin B 1.53 (7) 1.58 (6) 1.52 (9) 1.54 (9) 1.54
Niacin 1.55 (5) 1.66 (5) 1.54 (7) 1.54 (7) 1.57
Folate 1.54 (6) 1.60 (5) 1.59 (9) 1.59 (9) 1.58
Calcium 1.59 (7) 1.69 (6) 1.66 (9) 1.73 (9) 1.67
Selenium 1.63 (4) 1.72 (4) 1.68 (5) 1.65 (5) 1.67
Vitamin E 1.68 (6) 1.76 (6) 1.72 (8) 1.74 (8) 1.72
lodine 1.77 (4) 1.86 (3) 1.73 (6) 1.74 (6) 1.76
Copper 1.78 (5) 1.86 (5) 1.76 (6) 1.77 (6) 1.79
Vitamin A (total) 2.02 (7) 1.89 (6) 2.16 (9) 2.17 (9) 2.08
Vitamin D 2.10 (7) 2.05 (6) 2.31 (9) 2.25 (9) 2.20
Retinol 2.03 (7) 1.90 (6) 2.58 (9) 2.57 (9) 2.32

Note: Figures in parentheses are the number of countries contributing to the average.

occurs despite differences in dietary habits across coun-
tries and despite several differences of methodological
nature (type of dietary survey, food composition data
base, sampling procedure, etc.). This similarity probably
reflects the biological nature of eating and eating a variety
of foods. Ratios differ from one micronutrient to another.
We divided the ratios into three rough categories in an
attempt to explain the findings. Since most nutrients are
widely distributed in rather low concentrations in many
foods, their ratios are close to the ratio between the
95th percentile and mean energy intake (Category 1). In
Category 2, intakes still follow energy intake but the
intake distribution may be influenced by a few foods,
which are important nutrient sources and has a skewed
intake distribution, e.g. milk, which is the major source of
calcium. The third category includes highly skewed intake
distributions due to only a few significant food sources of
the micronutrient in question. This effect may explain
why the ratios for vitamin A, retinol, and vitamin D are
lower among the children aged 11-17 years than the three
other groups, probably reflecting that most teenagers
dislike fish, liver, and carrots — foods very rich in these
nutrients.

The only identifiable factors clearly affecting the ratios
are the length of registration period and modification of
primary data. Because of the pragmatic purpose of this
study and because excluding, i.e. Polish data does not
change the overall ratios much, we decided to accept all
survey results.
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None of the survey results were corrected for under-
reporting. The reason for this was the assumption that
most underreporters are individuals found in the lower
end of the intake distribution (i.e. below mean intake)
and that the pattern of underreporting is the same in all
populations. If the intakes of underreporters were in-
creased to true levels, the intake distribution would be
narrowed probably without any significant increase in
levels of high intakes. This means that the mean values
will increase and the ratio P95/Mean will be reduced. The
final product between the overall higher mean and lower
ratio will be approximately unchanged.

We are fully aware of the limitations of the applied
procedure where we used aggregated micronutrient data.
With access to the individual data from each country a
more correct estimate of high intake could be reached.
But even if the calculations are not mathematically
(statistically) correct they will still create an estimate of
high intake, which is sufficiently valid for the purpose of
the present study. The uncertainty is hardly any larger
than that of results from any of the single surveys.

One could argue that simply calculating the average of
95th percentiles would be a more simple and direct way to
a common estimate of high intake. This is true and the
results would probably be close to the results calculated
via the ratios. Another argument against the present
approach is the use of mean instead of median values.
But using the ratio between 95th percentile and median
did not change the final results (results not shown) and



since it is important to find figures that will satisfy all
member states in the EU, we suggest the use of mean
values instead of median values. Using the present method
makes it possible to include mean intake estimates from
dietary surveys that are not able to describe the intake
distribution. This will allow us to use data from all or at
least most European countries and thus increase the
acceptability of the results across all EU member states.

Flynn et al. (4) used a different approach in their model
for calculating safe additions to foods. They expressed in
each survey the high intakes (90-97.5th percentiles) as
multiples of recommended intakes and used the mean of
these multiples as a representative value. However, this
method does not allow use of results from surveys giving
only mean intakes.

Unfortunately the ILSI study does not provide data for
all nutrients but we assume that the remaining vitamins
and minerals will fit into a similar pattern. It still has to be
shown based on dietary intake data whether this assump-
tion is true, before the proposed model for calculating
common European estimates for high intakes of all
vitamins and mineral can be implemented in adminis-
trative practice.

Conclusion

The average ratio of the 95th percentile and the mean
intakes of energy and micronutrients from foods show a
remarkable similarity across countries and age groups.
For each nutrient it is possible based on dietary surveys
from different countries to calculate a representative
European average.

The average ratio of the 95th percentile and the mean
intakes is a simple and suitable measure for calculation of
an estimate of high intake from an estimated average
intake by the four steps described in the Methods section.
It is possible to include mean intake estimates from
dietary surveys, which are not able to describe the intake
distribution.
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