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Abstract

Purpose This study investigates intakes of risk micronutrients from non-fortified foods, fortified foods and food supplements
in different age and gender sub-groups of the Dutch population.

Methods This is a secondary analysis of the Dutch National Food Consumption Survey (DNFCS 2012-2016, N=4313,
1-79 years). The proportion of the population with Habitual Intakes below the Estimated Average Requirement (EAR) and
above the Upper Level (UL) for calcium, iron, zinc, vitamin A, vitamin B6, folate, vitamin D and vitamin E from non-fortified
foods, fortified foods and total intake including food supplements was calculated using Statistical Program to Assess Dietary
Exposure (SPADE).

Results More than 50% of the population had an intake below the EAR for calcium, iron, vitamin D and folate. Intakes were
inadequate for certain sub-groups for the other vitamins and minerals. Adolescents and women were the population sub-
groups most likely to have an intake below the EAR. For zinc, vitamin A and folic acid, more than 1% of toddlers exceeded
the UL from the total intake. A negligible proportion exceeded the UL for the other vitamins and minerals.

Conclusion Inadequate intakes were found for several micronutrients in various population sub-groups despite an apparently
well-nourished population. Intakes of zinc, folic acid and vitamin A from food supplements in toddlers and preschoolers
should be investigated further to ensure they do not exceed recommended amounts. These results can be used to inform
policy makers and to design nutritional interventions to improve micronutrient intakes in the Netherlands.
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Introduction

Adequate intakes of vitamins and minerals (micronu-
trients) are important for public health and to avoid defi-
ciency disease in individuals [1]. Low micronutrient status
can adversely affect health outside of frank deficiency, for
example low vitamin C status causes fatigue and lethargy,
causing a negative impact on quality of life and reduced
work performance. Sub-clinical deficiency will progress
to the disease scurvy if the deficiency is not corrected [2].
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Despite economic prosperity, low nutrient intakes are a
concern in high income countries [3, 4]. Some population
sub-groups remain at increased risk of malnutrition [5].
For example, adolescents have high nutrient needs relative
to their energy intake, thus placing them at greater risk of
inadequate intakes of nutrients such as protein, vitamin A
and calcium. Sub-groups at risk of food insecurity may con-
sume a nutrient-poor diet or have low food intakes, and thus
have low overall micronutrient intakes. Furthermore, high-
income countries may not consider micronutrient deficien-
cies as being a concern and there may be a lack of adequate
surveillance as other health problems receive more attention.

The legislation surrounding the fortification of foods in
the Netherlands is complex. Mandatory fortification is not
allowed; however, voluntary fortification between 15 and
100% is allowed for most vitamins and minerals except pre-
formed vitamin A, vitamin D, folic acid, selenium, copper
and zinc, for which fortification is permissible for restora-
tion or substitution purposes only. An agreement between
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the government and industry promotes fortification of mar-
garines with vitamins A and D, and salt with iodine [6]. Food
supplements (also referred to as dietary supplements [7]) are
concentrated vitamins, minerals and other ingredients in dose
form intended to supplement the diet. They are allowed to be
sold in the Netherlands according to the European directive on
food supplements, which determines minimum and maximum
amounts permitted and health claims that are allowed on pack-
aging and in advertisements [8]. More than one third of Dutch
adults use food supplements, and use has been increasing over
several decades [9].

The Dutch National Food Consumption Survey (DNFCS)
conducted by the National Institute for Public Health and
the Environment (RIVM) is designed to “provide insights
into the amount of food and drink consumed ... to achieve
healthy, sustainable and safe food, food product innovation,
and to conduct research on education and nutrition.” Previ-
ous analyses in the Dutch population using this dataset have
been published [6, 10, 11]. The main report “The Diet of the
Dutch” provides estimations of long-term, average intakes
of micronutrients from foods, including fortified foods, and
food supplements together; however, the contribution of
each source of micronutrients has not been reported [11].
De Jong and co-workers investigated the effects of fortified
foods on micronutrient intakes and adequacy in the Neth-
erlands, however did not look at intakes from food supple-
ments [6].

While it is important to avoid micronutrient deficiencies,
chronic high intakes can have adverse health effects, and these
need to be kept in mind when considering total micronutrient
supply to a population. The consumption of micronutrients
through food supplements may pose an additional consid-
eration due to their concentrated form. Fortified foods can be
beneficial in increasing general micronutrient intakes over the
population; however, the risk of inadequate intakes needs to
be balanced with excessive intakes [12, 13]. A comparison
of several European countries (Denmark, Germany, Finland,
Ireland, Italy, the Netherlands, Poland, Spain and the United
Kingdom) found that intakes in excess of the UL were found
for preformed vitamin A, zinc, iodine, copper and magnesium
[3]. The base diet was the major contributor of nutrients, with
fortified foods making only a modest contribution. The con-
tribution of food supplements varied considerably between
countries [3].

The aims of this analysis therefore are to investigate the
effects of micronutrient source (non-fortified foods, forti-
fied foods and food supplements) on long-term average
intakes, micronutrient adequacy and risk of exceeding the
UL for select vitamins and minerals in the general Dutch
population.
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Methods
Study population and data sources

The study population included non-institutionalized indi-
viduals aged > 12 months who provided at least 1 day of
intake in the DNFCS 2012-2016, with the exception of preg-
nant and lactating women, and those without adequate com-
mand of the Dutch language [14]. The main aim of DNFCS
2012-2016 is to gain insights into the diet of children and
adults aged 1-79 years living in the Netherlands. The sur-
vey was conducted for the RIVM and was designed to be
representative for age, gender, geographic region, degree of
urbanization and education level. The study population was
selected by a market research company based on a consumer
panel. Complete data were obtained from 4313 adults and
children on a rolling basis in the years 2012-2016 [15].

The study was conducted according to the guidelines of
the Declaration of Helsinki. The Medical Ethical Commit-
tee of the University Medical Centre Utrecht evaluated the
study design prior to the start of data collection (reference
number 12-359/C) [15]. Data were obtained with permission
from the RIVM. The data were anonymized and could not
be linked back to participants.

The micronutrients chosen were based on the vitamins
and minerals identified by the European Commission Health
and Consumer Protection of having a low (folic acid, vitamin
D and vitamin E) or high risk (calcium, iron, zinc, preformed
vitamin A, and vitamin B6) of exceeding the UL, i.e., hav-
ing a moderate or small margin between the highest intake
(97.5th percentile) from all dietary sources and the UL [16].
These micronutrients were also identified by Food Supple-
ments Europe as having a low or high risk of exceeding the
UL as they are close to the 97.5th percentile, and are referred
to as Population Safety Index group 3 micronutrients [17].
Therefore, this analysis describes intakes of calcium, iron,
zinc, vitamin A (expressed as total Retinol Activity Equiva-
lents (RAE) and preformed vitamin A only for the UL), vita-
min B6, folate (expressed as total Dietary Folate Equivalents
(DFE), and synthetic folic acid for the UL), vitamin D and
vitamin E [18].

Questionnaires and dietary intake assessment

The methods have been described in detail elsewhere [14,
15]. Briefly, a general questionnaire was given to all partici-
pants containing questions about demographics (age, gen-
der), food supplement intake (general intake, intake different
types of supplements, and supplement intake frequency),
and the season of completion of the questionnaire. Eight
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age groups for each gender were chosen to match reference
dietary intake categories, with an additional split between
younger (19-49 years) and older (50-69 years) adults. We
refer to children aged 1 year as toddlers, 2-3 years as pre-
schoolers, 4-8 years as early school-aged children, 9-13
years as younger adolescents, 14—18 years as older adoles-
cents, and 70-79 years as elderly participants. Demograph-
ics and nutrient intake data were complete for all participants
and there was no missing data.

Dietary intake data were based on two non-consecutive
24-h dietary recalls conducted with an interval of approxi-
mately four weeks, using a computer-directed interview pro-
gram GloboDiet® provided by the International Agency for
Research on Cancer (IARC, Lyon, France). All subjects had
two dietary recall days. The foods described were matched to
the national food composition database (Nederlands Voed-
ingsstoffenbestand, NEVO) and the FoodEx2 classification
and description system [15]. Both individual food intake data-
sets (i.e., a list of all food items consumed per individual),
and nutrient intake datasets summarized by day per individual
were used in this analysis. The nutrient intake dataset contains
intakes from non-fortified and fortified foods combined. In
the dataset, the variable retinol included both retinol and reti-
nyl esters (M. H. de Jong, personal communication), and was
considered to be total preformed vitamin A. Total RAE were
calculated according to the formula preformed vitamin A +
[-carotene/6 + a-carotene/12 4 B-cryptoxanthin/12, which is
the method employed by the NEVO national nutrient database
[15]. Accordingly, folate equivalents were calculated as the
amount of folate naturally present in foods (in pg) plus 1.7
times the amount of folic acid in enriched foods (in pg) plus
2.0 times the amount of folic acid in food supplements (in pg)
[15]. Intakes of micronutrients from food supplements on the
two dietary recall days were also recorded.

Foods containing fortified micronutrients were flagged in
the food intake dataset. For the micronutrient amounts in the
fortified food items, it was not possible to distinguish between
intrinsic (naturally occurring) and added/fortified micronu-
trients especially in foods that have a micronutrient content
that depends on the exact recipe used by the manufacturers.
Therefore, we took a pragmatic approach and assumed that
the total micronutrient content for the fortified nutrient was
from fortification. Intakes of fortified micronutrients from
individual foods were aggregated per participant and per day.
To obtain the intake of micronutrients from non-fortified
foods, hereafter referred to as the base diet, daily intakes of
fortified foods for each day were subtracted from the com-
bined non-fortified and fortified micronutrient intakes.

The DNFCS 2012-2016 of the RIVM provided data
on food supplement intake frequency per season (winter,
outside winter) and per food supplement class based on a
questionnaire [15]. For each individual, the highest fre-
quency of intake of food supplements containing each of

the micronutrients of interest for the season in which the
survey was taken was used as the supplement frequency
(Online resource: Supplemental Tables 1 and 2). Potential
food supplement use categories were also created for each
micronutrient: Food supplement users of each micronutri-
ent were identified by either a non-null intake frequency for
the nutrient from the questionnaire, or non-null intake of
each micronutrient from the dietary recall. Zero intake of
nutrients from food supplements was considered non-use.
Non-users were thus participants reporting no food supple-
ment use and zero intake of each micronutrient from food
supplements.

Habitual Intake analysis

Several methods are available to calculate the long-term
average intake of foods and nutrients in populations [19].
The Statistical Program to Assess habitual Dietary Exposure
(SPADE), a program in R developed by the RIVM, is one
of the methods described. To differentiate the estimates of
long-term average intakes by SPADE from those produced
by other methods, we refer to Habitual Intakes further in
this article.

SPADE was used to calculate Habitual Intake of micro-
nutrients from the base diet (non-fortified foods), base and
fortified diet (non-fortified and fortified foods together), and
from their total intake (non-fortified foods, fortified foods,
and food supplements). Intakes from base and base + forti-
fied diets were calculated with the 1-part model. A 3-part
model was used for intakes from the total intake, to account
for the differences in model parameters and intake distribu-
tion between intakes from food and food supplements. For
the 3-part model, micronutrient intakes from the base + forti-
fied diet were estimated for supplement non-users (part 1)
and supplement users (part 2), and Habitual Intake from food
supplements was performed separately due to the spiked dis-
tribution of food supplement intakes (part 3). Population
Habitual Intake was obtained by combining total intakes
from supplement non-users and users, in a “first-shrink-
then-add” approach [20]. The resulting Habitual Intake dis-
tribution modeled as a function of age was used to estimate
the proportion of subjects below the EAR or Al and above
the UL. Dutch dietary guidelines were used as they were
considered to be most appropriate for the Dutch population.
Cut-off points were used for each age and gender category
from the Dutch dietary guidelines: For calcium, vitamin D,
vitamin E and folate, different age groups were given either
an Al or EAR [1]. Because EAR values were only avail-
able for adults and not children, they were estimated from
the adult Population Reference Values (PRV) by dividing
by the calculated adult two times the standard deviation
for males, females, or both genders (ranging from 1.2-1.4
except iron: 1.8-2.1). The Dutch dietary intake guidelines
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have been harmonized with the EFSA guidelines; however,
there are several differences [1, 21]. The Al for vitamin D is
higher in the EFSA DRVs (15 mcg) than in the Netherlands
(10 mcg). The EAR for vitamin B6 is higher in the EFSA
DRVs (1.5 mg for males/1.3 mg for females) compared to
in the Netherlands (1.1 mg). Folate requirements for adults
are higher in the EFSA DRVs (200 mcg) compared to the
Netherlands (200 mcg). For zinc intakes, EFSA specifies
a higher zinc DRV when the diet is high in phytates (up
to 10.2-12.7 mg), compared to the Netherlands (6.4 mg
for males, 5.7 mg for females). The European Food Safety
Authority (EFSA) ULs were used if Dutch guidelines were
not available [22]. Confidence intervals were quantified via
bootstrapping [20].

For this analysis, the SPADE program (R package
SPADE.RIVM version 4.1.00 with RStudio 2022.07.0
build 548) was run using both base and base + fortified food
intakes, including bootstrapping to estimate confidence
intervals. Program defaults were used, including the use of
100 pseudo persons and 200 bootstrap samples, 95% con-
fidence interval for the bootstrap procedures, with a seed
of 10. The weighting variable available in the DNFCS
“w_demog_season_wk_wknd” was used to account for
demographics, season, and survey day of the week. Within
SPADE, modeling of micronutrient intakes from food for
non-supplement and supplement users was based on age
using a fractional polynomial, with no intake frequency set.
Intake amounts from food supplements were modeled by

Table 1 Fortified food and food supplement users by age category

age, with intake frequencies modeled according to age with a
logistic beta-binomial model per the user’s manual [23]. Due
to>10% zero intakes on dietary recall days for synthetic
folic acid from fortified foods, a 2-part model was used with
intake frequencies modeled using a cubic spline for this
nutrient. The SPADE outputs used in this publication were
the median (P50) intake, percent below the EAR/AI, percent
above the UL and 95% confidence intervals (lower and upper
bound), for females and males (for each age group).

Other statistical analyses and data visualization

Table 1 was produced using package pollster (0.1.4). Statis-
tical tests between food supplement users and non-users in
Supplemental Table 3 and 4 were performed with package
TableOne (version 0.13.2) using the default hypothesis tests,
which are a chi-square test for categorical variables and a
regular ANOVA for continuous variables. Figures were pro-
duced using packages ggplot2 (version 3.3.5) and cowplot
(version 1.1.1).

Results

This dataset from the DNFCS 2012-2016 has been
described in detail in other publications [6, 14]. Demo-
graphic variables and information about survey seasons
are provided in Online Resource: Supplemental Table 3

Gender Age category N* Fortified food Fortified food Standard error for-  Supplement  Supplement Standard error food
(years) user (%) non-user (%) tified food (%) * user (%) non-user (%) supplements (%) *
Boys 1-3 332 96.2 3.81 2.79 74.4 25.6 6.36
Girls 1-3 340 95.5 4.49 2.98 73.2 26.8 6.37
Boys 4-8 261 95.5 4.51 341 50.5 49.5 8.21
Girls 4-8 259 97.8 2.25 2.44 56.5 43.5 8.18
Boys 9-13 259 93.6 6.38 4.03 36.7 63.3 7.95
Girls 9-13 260 91.0 9.02 4.71 44.6 55.4 8.18
Boys 4-18 270 87.8 12.2 5.29 29.8 70.2 7.39
Girls 4-18 254 88.4 11.6 5.34 37.8 62.2 8.07
Men 19-30 260 85.4 14.7 5.82 334 66.6 7.76
Women 19-30 256 78.9 21.1 6.77 44.0 56.0 8.23
Men 31-50 259 75.1 249 7.13 329 67.1 7.75
Women 31-50 264 71.7 28.3 7.35 53.8 46.2 8.14
Men 51-70 264 68.9 31.1 7.56 29.8 70.2 7.47
Women 51-70 258 68.5 31.5 7.67 58.7 41.3 8.14
Men 71-79 260 69.0 31.0 7.61 355 64.5 7.88
Women 71-79 257 68.4 31.6 7.70 52.5 47.5 8.27

Weighted for socio-demographic factors, season and day of the week
*95% CI
*Unweighted Ns are reported
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as unweighted data. Table 1 contains information about
fortified food consumers and food supplement users within
population age and gender groups. The most frequently
consumed food supplements per age group are listed in
Online Resource: Supplemental Table 5. Fortified food
use decreased as age categories increased, and there was
little difference between males and females. The most
common types of fortified foods and the micronutrients
used as fortificants is listed in Online Resource: Supple-
mental Table 6. Supplement use was highest in toddlers
and young children, was low in older children, adoles-
cents and adults, and increased again in the elderly age
category. Adult women were more likely than men to use
food supplements.

General trends in the habitual intake
of micronutrients

Intake distributions for all micronutrients for the base diet,
fortified food, and food supplements for all age and gen-
der groups are provided in the file Online Resource: Intake
Distributions. Habitual Intakes of micronutrients tend to be
lower in women than men and increase with age until the
elderly age cohort is reached and intakes reach a plateau.
Although fortified foods increase micronutrient intakes, their
contribution to reducing the proportion below the EAR/AI
is modest in general. The effect on total intakes from food
supplements was moderate but they reduced the propor-
tion not meeting the EAR to a greater extent than fortified
foods. Habitual Intakes for toddlers, preschoolers and elderly
participants had wider confidence intervals than other age
groups.

Calcium

Habitual Intakes of calcium followed the general trends
described in the previous section and the results are pre-
sented in Fig. 1. Less than 50% of the population aged over
9 years met calcium intake requirements. More than 75% of
adolescent and elderly participants did not reach the EAR;
these age groups have higher intake recommendations.
Intakes from fortified foods and supplements were low and
did not support the Dutch population achieving their EAR.
Less than 0.5% of the population exceeded the UL for any
age and gender group.

Iron

Age and gender trends described in the section above were
also seen for iron (Fig. 2). Intakes were below the EAR for

all female participants, and male participants aged under 19
and above 70 years. Approximately 1% of elderly men and
0.5% of women aged 19-49 years and men aged 5069 years
exceeded the UL from food supplements; non-fortified and
fortified foods did not contribute to excessive intakes. Food
supplements had a modest impact on reducing the propor-
tion of participants who did not meet the EAR.

Zinc

Median zinc intakes from the base diet showed a slight
decline in the adult age categories (Fig. 3). Approximately
half the participants had a Habitual Intake less than the EAR
for zinc. Both fortified foods and food supplements made
a considerable contribution to zinc intakes in adults and
reduced the proportion not meeting the EAR for this age
group. The Habitual Intake of zinc from the base diet, forti-
fied foods and food supplements all contributed to intakes
above the UL. The UL was exceeded by more than 10% of
toddlers, preschoolers, and school-aged children.

Vitamin A

Unlike the flattening of intakes in the older adult categories,
vitamin A intakes were higher for the older age categories,
and particularly adults aged 70-79 years had the highest
median intakes for both genders. The results are presented
in Fig. 4. More than 50% of participants aged between 9 and
49 years did not meet the EAR for both genders. Despite a
modest effect on median intakes, vitamin A-fortified foods
and food supplements reduced the prevalence of partici-
pants not meeting the EAR for most age and gender groups.
Approximately 10% of male toddlers and preschoolers, and
5% of female toddlers and preschoolers had a vitamin A
intake from preformed vitamin A that exceeded the UL; the
base diet, fortified foods and supplements all contributed to
these high intakes.

Vitamin B6

Fortified foods tended to increase vitamin B6 intakes in
younger age groups, while food supplements made a stronger
contribution in older adults (Fig. 5). More than 50% of girls
and boys aged 14—18 years, and senior and elderly men and
women, did not meet the EAR for vitamin B6, except if
they consumed vitamin B6-fortified foods and food supple-
ments. The error bars for ULs for all age groups were large.
1% or more participants in the female toddler and adult age
categories, and in boys aged 14—18 and adult men exceeded
the UL with food supplements.
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Fig. 1 Calcium: median intakes, proportion not meeting the EAR/AI
and above the UL. Median calcium intakes, proportion not meeting
the EAR/ALI and proportion above the UL according to age and gen-
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Folate

More than 50% of participants aged over 4 years did not
meet the EAR for total dietary folate equivalents (folate and
folic acid) from all dietary sources; this was greater than
75% for participants aged over 9 years from base and forti-
fied diets (Fig. 6). Approximately 1% of female toddlers and
preschoolers, and 4% of male toddlers and preschoolers had
a folic acid intake that exceeded the UL from food supple-
ments. Food supplements helped more than 10% of adults
meet intake requirements.

Vitamin D

There was a U-shaped relationship between age and intake
for vitamin D, with median Habitual Intakes highest in the
youngest and oldest age categories (Fig. 7). Both fortified
foods and food supplements made a strong contribution to
intakes. However, mainly food supplements but not forti-
fied foods reduced the proportion of people not meeting the
Al. Almost all participants (92%) did not meet the Al for
vitamin D from base and fortified diets. Food supplements
increased the proportion of toddlers and preschoolers that
met the Al to 50% and 30%, respectively, but barely contrib-
uted to reduced prevalence of inadequacy for the other age
and gender groups. Approximately 0.2% of elderly women
exceeded the UL from food supplements.

Vitamin E

The EAR for vitamin E was not met by about 60% of female
participants and 50% of male participants on a base diet
(Fig. 8). For vitamin E, fortified foods more so than food
supplements made a strong contribution to mean intakes
in younger participants, while food supplements increased
intakes in older participants. Both fortified foods and food
supplements reduced the proportion of participants who had
Habitual Intakes below the EAR. Less than 0.3% of elderly
women exceeded the UL from food supplements.

Discussion

This analysis identifies several nutrients in the Dutch diet
with a potential for inadequate or excessive intakes for var-
ious age and gender groups, from the base diet, fortified
foods and food supplements. In general, vitamin D intakes
were inadequate for almost all Dutch people, and sub-groups
had inadequate intakes of calcium, iron, zinc, vitamin A,
folate, vitamin E, particularly adolescents and adult women,
and from people who did not consumer fortified foods or
food supplements. Toddlers and preschoolers had intakes
that were more likely to be adequate; fortified foods and
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supplements appear to make an important contribution to
adequacy in this age group. More than 1% of certain sub-
groups exceeded the UL for folic acid, vitamin B6, pre-
formed vitamin A, zinc and iron, particularly for toddlers
and preschoolers. When assessing the intake of vitamins and
minerals in any population, it is important to consider both
inadequate and excessive intakes for population health.
These results are in line with other reports of nutrient
intake in the Netherlands and other European countries
[24-26]. In the Netherlands, the main report based on the
survey also found low intakes for calcium, iron, vitamin
A, vitamin B6 and folate [11], and identified adolescent
girls and women to be at risk of inadequate intakes. The
results reported by de Jong and colleagues broadly agree
with ours, although different age categories limit direct
comparisons, and intakes from food supplements were not
included [6]. A smaller cross sectional study conducted
in 2012-2013 in 254 Dutch elderly subjects found similar
proportions not meeting the EAR for vitamins B6 and D,
although calcium intake shortfalls were not identified [27].
The article from Flynn and co-workers similarly looked at
intakes from the total intake and reported median intakes
comparable to ours [3]. However, the P95 in the Flynn
article occurred at a lower intake, indicating a narrower
distribution. Despite a similar methodology used in terms
of calculating Usual Intakes from two 24-h dietary recalls,
the data in the Flynn analysis was collected between 1997
and 2006 in several surveys and perhaps reflects changes
in nutrient intakes over time. In addition, the broader age
categories used in the Flynn analysis might attenuate the
effect of fortified foods and food supplements in more nar-
rowly defined age groups. The analysis conducted by Flynn
et al. also did not include data from children aged under 4
years [3]. A comparison of four countries in Europe found
23% of adults in France and Denmark, 34% of adults in
Italy and 62% of adults in the Czech Republic did not meet
vitamin A intakes [25]. Vitamin D intakes were inadequate
for most (>92%) people; nevertheless, sun exposure in
the summer months in the Netherlands may contribute to
some extent to maintaining an adequate vitamin D status
in winter; in 2014, 26.5% of adults were below deficient
(<50 nmol/L) and 66.6% were below optimal (75 nmol/L)
[28]. Fortified foods and food supplements made a moder-
ate contribution to reducing inadequate intakes in children
aged 3 years and younger, and in women aged 50 + years.
More than 50% of the entire population did not meet
the EAR for calcium, iron and folate from the total intake.
While there are no nationally representative surveillance
studies for biochemical markers of these nutrients in
the Netherlands, small surveys give an indication about
whether these dietary inadequacies are potentially con-
tributing to deficiency status. A survey of 400 Dutch chil-
dren aged 6 months-3 years found iron deficiency in 19%
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[29]. Iron deficiency was also seen in 9% of 376 Dutch
and migrant elderly [30] and 4% of healthy adults, with a
higher prevalence of iron deficiency in women, in a study
of 348 users of a digital lifestyle program [31]. Thus, the
large proportion of inadequate intakes in toddlers is likely
to contribute to iron deficiency in toddlers. For the other
age groups, the low prevalence of deficiency despite low
intakes of iron may mean that factors affecting the bio-
availability and absorbance of iron mediate the correla-
tion between intake and status. On the other hand, there is
uncertainty in translating the results of several small cross
sectional studies to population iron status.

Although there is a lack of data on folate status in the
Netherlands, in a study of 348 healthy adults, folate defi-
ciency was found in 14.1% [31]. No established biomark-
ers exist for calcium, therefore the impact of low calcium
intakes can only be tracked through the prevalence of dis-
eases related to calcium intakes, such as osteoporosis. Osteo-
porosis causes considerable morbidity and associated health
care costs in the Netherlands [32]; however, it is difficult to
ascertain the effect that inadequate calcium intake has on
osteoporosis occurrence and severity. These results indicate
that better surveillance of nutrient biomarkers and strategies
to address vitamin and mineral deficiencies and their effects
on health in the Netherlands are warranted.

When comparing age and gender groups, adolescents
were more likely to have inadequate calcium, zinc and vita-
min A intakes, women were more likely to have a lower
intake of iron, vitamins B6, folate and vitamin E, and adults
also had low vitamin A intakes. Even though the elderly
are often identified as being at greater nutritional risk [33],
intakes were more likely to be adequate in the elderly age
category for our analysis. It is possible that the relatively
young cut-off at 79 years for the sample excluded older
elderly participants at greatest nutritional risk. Food supple-
ments also reduced inadequacy for this age group for vitamin
B6, vitamin D and vitamin A, a finding that is in line with
a cross sectional study conducted in Dutch elderly during a
similar time period [27].

Our analysis found that Habitual Intakes from all sources
exceeded the UL for more than 1% of the following age and
gender groups: toddlers (folic acid, total vitamin A), adults
(vitamin B6), all age groups and especially toddlers (zinc),
and elderly men (iron). Toddler zinc intakes also exceeded
the UL for non-fortified foods.

The UL for folic acid is set based on the potential mask-
ing of vitamin B12 deficiency symptoms, rather than tox-
icity concerns from high intakes [18]. While it is difficult
to assess vitamin B12 deficiency in the Netherlands due to
a lack of national surveillance data, one study has investi-
gated vitamin B12 status in the general Dutch population.
This article investigated the incidence of macrocytic anemia
and low folate and vitamin B12 in 161,548 undiagnosed

patients at a diagnostic center [34]. The researchers found
that approximately one quarter of Dutch adults had low
serum vitamin B12, with this proportion increasing to 30%
in the elderly (80 years and older); macrocytic anemia was
found in 1.3% of the total population and was considerably
lower in patients with low serum B12 (1.9%) compared to
low serum folate (15.6%). Based on these results, it is dif-
ficult to assess whether B12 deficiency masking by high
folate intakes is occurring. Recent changes to the way DFEs
are calculated in Europe based on additional data on folate
forms may affect the proportion above the UL [35]; we were
not able to incorporate this information into the analysis
because the calculation of DFEs is performed within the
NEVO database.

The UL for zinc is based on potential inhibition of cop-
per absorption at high zinc intakes. The 97.5% of total
zinc intakes is close to the UL in many countries, and was
not considered to be a concern by EFSA [18]. In addition,
although median intakes of zinc increase from approxi-
mately 5 mg/d for the youngest age group to approximately
10 mg/d for the adult age groups, the UL increases from 7
mg/d for the youngest age group to 25 mg for the adults;
therefore, the margin between median intakes and the UL
is much narrower for young children, leading to a greater
proportion exceeding the UL.

Attention needs to be paid to preformed vitamin A intakes
in young children, particularly from fortified foods and food
supplements. The safety margin between the UL and actual
dietary intake of high consumers (P95) is known to very
small for vitamin A. National surveys in France [16] and
Germany [36] show that people who consume products
containing liver on a regular basis exceed the UL due to
the high content of preformed vitamin A in liver. In line
with other countries, our data also show that the UL was
already exceeded by the base diet for consumers with a high
vitamin A intake, and an additional analysis found that liver
consumers were more likely to exceed the P95 (results not
shown). Recently, a randomized, controlled trial conducted
in Filipino toddlers found no evidence of chronic vitamin A
toxicity despite chronic high intakes of preformed vitamin
A, and the authors suggest that the cut-off for hypervita-
minosis A in the liver is too conservative [37]. The UL for
vitamin A for children was set by scaling the adult UL of
3000 pg/day, which in turn is based on a 2.5-fold lower level
than the lowest-observed-adverse-effect level of 7500 pg/day
for hepatotoxicity from chronic intakes [22]. These intakes
involve preformed vitamin A and not intakes from pro-vita-
min A carotenoids, for which no UL has been set, however
intakes greater than 20 mg per day are contraindicated in
smokers [22]. Replacing part of the preformed vitamin A
with pro-vitamin A carotenoids such as beta-carotene in food
supplements and fortified foods designed for toddlers and
small children is a strategy that can reduce high intakes of
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preformed vitamin A while still contributing to total vitamin
A intakes.

Food supplement use in the toddler age group was the
highest of all age groups. It is possible that current advice
from the government to supplement children under the age
of 4 years with a vitamin D supplement combined with picky
eating in young children means that caregivers are more
likely to give a multivitamin to ensure nutritional adequacy
in this age group: Our data showed that 73% of female tod-
dlers and 74% of male toddlers received a food supplement,
which was the highest of the age/gender groups (Table 1).
The list in Online Material: Supplemental Table 5 shows that
vitamin D was the most frequently consumed supplement in
the 1-3 years age group, and chewable multivitamins for the
4-8 year age category. The data on individual food intakes
showed that the use of follow-on toddler formulas contrib-
utes to intakes from fortified foods for this age group (results
not shown). Approximately 20% of toddlers in this survey
use follow-on infant formula: Formula users had higher
intakes of vitamins B1, B2, folic acid, C, D, E, and iron and
zinc, and an increase in the proportion exceeding the UL for
zinc [38]. In a Spanish population, the use of fortified milk
including follow-on formula improved adequacy in zinc,
vitamin A and vitamin E, while the proportion of children
exceeding the UL also increased for zinc and vitamin A for
the youngest age group. More than 5% of toddlers in this
study exceeded the UL for zinc, vitamin A and selenium
regardless of the type of milk they consumed [39]. Changes
to fortification and supplementation practices should con-
sider both risk of deficiency and excessive intakes.

This analysis has several strengths. The dataset is repre-
sentative for the Netherlands and the data collection meth-
odology is robust with the use of two dietary recalls and
validated data collection software. The Habitual Intake anal-
ysis corrects for within-person variance and thus improves
estimations of population intakes below or above a cut-off,
particularly in the tails of the distribution, which is impor-
tant for estimates of the UL in particular. We were also able
to individually model the intake distribution according to
age, using intakes from fortified foods, and including food
supplement intake, which provides a comprehensive analysis
of overall nutrient intakes in sub-groups that vary consider-
ably in their normal diet.

A potential weakness of the analysis is the subject selec-
tion method via a consumer panel. This could potentially
lead to bias and a non-representative sample: Participants
who volunteer for the panel may differ in their knowledge
of health and nutrition compared those who decline to par-
ticipate [40]. Thus, dietary intakes obtained from this survey
may show a healthier pattern than the general population.
A further weakness is our calculation of the base (i.e., non-
fortified) diet. In some cases, such as vitamin A fortifica-
tion of margarines, this approach was accurate because the
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other ingredients in margarine do not contribute to vitamin
A intakes. On the other hand, for other fortified foods such
as iron in legume-based vegetarian burgers, the intrinsic
iron content contributes to the total iron content of the food.
The exact amount of intrinsic and fortified iron in vegetar-
ian burgers depends on the recipe used by the manufacturer,
which was not provided in the dataset. Thus, the subtraction
method we used will potentially result in lower base diet
intakes than actually are consumed, and also a greater dif-
ference between base and base and fortified diets in terms
of absolute intake and the contribution toward meeting
nutrient intake requirements. In addition, incorrect report-
ing of food intakes, particularly under-reporting, is a “fun-
damental obstacle” in nutritional surveys [41], and likely
affects estimations of food and thus micronutrient intake
in the DNFCS. While the magnitude of this effect is dif-
ficult to quantify, we could assume that intakes are higher
than reported. It is thus likely that the actual proportion not
meeting the EAR/AI is lower and the proportion exceeding
the UL is higher than what we found in our analysis due to
under-reporting.

Our analysis applies to data from the Netherlands, thus
the patterns of dietary intakes by food type or age/gender
group seen might not be seen in countries that share a simi-
lar geography or degree of economic development. Recent
national nutrient intake data are generally lacking within the
EU countries. Data are even more scarce for nutrient intakes
obtained from base foods, food supplements and fortified
foods.

Future research should combine dietary survey intake
data together with blood sample analysis for nutritional sta-
tus to assess whether nutrient intakes reflect biomarkers of
dietary exposure. This is important because nutritional status
of several vitamins is not only dependent on food intake but
on other factors such as nutrient bioavailability, digestion,
absorption, synthesis by the microbiota, and cutaneous syn-
thesis from UV light for vitamin D. As fortified foods had
only a modest impact on overall intakes, the use of fortifi-
cation to improve micronutrient intakes to reduce the con-
sequences of deficiencies could be explored further [42].
In addition, our analysis identified a number of population
sub-groups at risk of micronutrient deficiencies or excessive
intakes of certain micronutrients: potentially, targeted nutri-
tion education interventions and the involvement of commu-
nity dietitians should be developed to mitigate these risks.

Conclusions

Representative dietary intake data from the Netherlands
revealed that a large part of the population has inadequate
intakes of calcium, iron, zinc, vitamin A, vitamin D, vitamin
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E and folate. Population sub-groups especially at risk of
inadequate intakes were adolescents and women. Forti-
fied foods and food supplements made a modest contribu-
tion to intakes and nutrient adequacy. Toddlers were most
likely to exceed the UL, which occurred for zinc, preformed
vitamin A and folic acid, particularly for food supplement
users, but also for the base diet for zinc and vitamin A. A
careful appraisal of the effects of deficiency and excess of
these nutrients on population health is warranted. Future
nutritional surveys should consider combining biological
(blood/plasma) markers of nutritional status with dietary
intake analysis. These results can be used to inform policy
makers and to design nutritional interventions to improve
micronutrient intakes in the Netherlands.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00394-023-03219-4.

Acknowledgements We would like to thank Marjolein H. de Jong
from the RIVM for methodological assistance in the use of the SPADE
program.

Author contributions Conceptualization contributed by MET, MJB;
methodology contributed by JKB; formal analysis contributed by
JKB; writing—original draft preparation contributed by JKB; writ-
ing—review and editing contributed by JKB, MET, MJB.

Data availability Public and private organizations may use the DNFCS
data for research purposes, education, or teaching. Access to and per-
mission to use the data may be granted by sending a motivated applica-
tion to the RIVM. The form can be obtained via the following website:
https://www.rivm.nl/en/dutch-national-food-consumption-survey/data-
on-request (accessed 2nd August 2023).

Declarations

Conflict of interest J.K.B. is a former employee of DSM Nutritional
Products, and is involved in consulting work for the company. M.J.B.
and MLE.T. are current employees of DSM Nutritional Products.

Ethics approval The study was conducted according to the guidelines
of the Declaration of Helsinki. The Medical Ethical Committee of the
University Medical Centre Utrecht evaluated the study design prior to
the start of data collection (reference number 12-359/C).

Standards of reporting A STROBE checklist has been provided with
this submission for reporting of observational studies.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Health Council of the Netherlands (2018) Dietary reference values
for vitamins and minerals for adults. https://www.healthcouncil.
nl/binaries/healthcouncil/documenten/advisory-reports/2018/09/
18/dietary-reference-values-for-vitamins-and-minerals-for-adults/
DRV %27s+for+vitamines+and-+minerals+for+adults+PRO.pdf.
Accessed 4 Nov 2022

2. Rowe S, Carr AC (2020) Global vitamin C status and prevalence
of deficiency: a cause for concern? Nutrients 12(7):2008

3. Flynn A, Hirvonen T, Mensink GB, Ocke MC, Serra-Majem L,
Stos K, Szponar L, Tetens I, Turrini A, Fletcher R, Wildemann T
(2009) Intake of selected nutrients from foods, from fortification
and from supplements in various European countries. Food Nutr
Res. https://doi.org/10.3402/fnr.v53i0.2038

4. Tarasuk V, Fitzpatrick S, Ward H (2010) Nutrition inequities in
Canada. Appl Physiol Nutr Metab 35(2):172—179. https://doi.org/
10.1139/H10-002

5. Bruins MJ, Bird JK, Aebischer CP, Eggersdorfer M (2018) Con-
siderations for secondary prevention of nutritional deficiencies in
high-risk groups in high-income countries. Nutrients. https://doi.
org/10.3390/nu10010047

6. de Jong MH, Nawijn EL, Verkaik-Kloosterman J (2022) Contri-
bution of voluntary fortified foods to micronutrient intake in The
Netherlands. Eur J Nutr 61(3):1649-1663. https://doi.org/10.1007/
s00394-021-02728-4

7. Bailey RL, Jun S, Cowan AE, Eicher-Miller HA, Gahche JJ,
Dwyer JT, Hartman TJ, Mitchell DC, Seguin-Fowler RA, Carroll
RJ, Tooze JA (2023) Major Gaps in understanding dietary supple-
ment use in health and disease. Annu Rev Nutr. https://doi.org/10.
1146/annurev-nutr-011923-020327

8. The European Parliament and the Council of the European
Union (2002) Directive 2002/46/EC of the European Parila-
ment and of the Council of 10 June 2002 on the approximation
of the laws of the Member States relating to food supplements.
Official Journal of the European Communities L 183/52.

9. Pajor EM, Eggers SM, Curfs KCJ, Oenema A, de Vries H (2017)
Why do Dutch people use dietary supplements? Exploring the
role of socio-cognitive and psychosocial determinants. Appetite.
https://doi.org/10.1016/j.appet.2017.03.036

10. Steenbergen E, Krijger A, Verkaik-Kloosterman J, Elstgeest
LEM, Ter Borg S, Joosten KFM, van Rossum CTM (2021)
Evaluation of nutrient intake and food consumption among
Dutch Toddlers. Nutrients. https://doi.org/10.3390/nul13051531

11. van Rossum CTM, Buurma-Rethans EJM, Dinnissen CS, Beuk-
ers MH, Brants HAM, Dekkers AL, Ocke MC (2020) The diet
of the Dutch: Results of the Dutch National Food Consumption
Survey 2012-2016. https://www.rivm.nl/bibliotheek/rapporten/
2020-0083.pdf. Accessed 11 Nov 2022

12. Engle-Stone R, Vosti SA, Luo H, Kagin J, Tarini A, Adams KP,
French C, Brown KH (2019) Weighing the risks of high intakes
of selected micronutrients compared with the risks of deficien-
cies. Ann N 'Y Acad Sci 1446(1):81-101. https://doi.org/10.
1111/nyas.14128

13. Krul L, Kremer BHA, Luijckx NBL, Leeman WR (2017) Quan-
tifiable risk—benefit assessment of micronutrients: From theory
to practice. Crit Rev Food Sci Nutr 57(17):3729-3746. https://
doi.org/10.1080/10408398.2016.1162765

14. National Institute for Public Health and the Environment (2022)
DNFCS 2012-2016, 1-79 years [Online]. https://www.rivm.nl/
en/dutch-national-food-consumption-survey/overview-surveys/
dnfcs-2012-2016. Accessed 18 Oct 2022

@ Springer


https://doi.org/10.1007/s00394-023-03219-4
http://creativecommons.org/licenses/by/4.0/
https://www.healthcouncil.nl/binaries/healthcouncil/documenten/advisory-reports/2018/09/18/dietary-reference-values-for-vitamins-and-minerals-for-adults/DRV%27s+for+vitamines+and+minerals+for+adults+PRO.pdf
https://www.healthcouncil.nl/binaries/healthcouncil/documenten/advisory-reports/2018/09/18/dietary-reference-values-for-vitamins-and-minerals-for-adults/DRV%27s+for+vitamines+and+minerals+for+adults+PRO.pdf
https://www.healthcouncil.nl/binaries/healthcouncil/documenten/advisory-reports/2018/09/18/dietary-reference-values-for-vitamins-and-minerals-for-adults/DRV%27s+for+vitamines+and+minerals+for+adults+PRO.pdf
https://www.healthcouncil.nl/binaries/healthcouncil/documenten/advisory-reports/2018/09/18/dietary-reference-values-for-vitamins-and-minerals-for-adults/DRV%27s+for+vitamines+and+minerals+for+adults+PRO.pdf
https://doi.org/10.3402/fnr.v53i0.2038
https://doi.org/10.1139/H10-002
https://doi.org/10.1139/H10-002
https://doi.org/10.3390/nu10010047
https://doi.org/10.3390/nu10010047
https://doi.org/10.1007/s00394-021-02728-4
https://doi.org/10.1007/s00394-021-02728-4
https://doi.org/10.1146/annurev-nutr-011923-020327
https://doi.org/10.1146/annurev-nutr-011923-020327
https://doi.org/10.1016/j.appet.2017.03.036
https://doi.org/10.3390/nu13051531
https://www.rivm.nl/bibliotheek/rapporten/2020-0083.pdf
https://www.rivm.nl/bibliotheek/rapporten/2020-0083.pdf
https://doi.org/10.1111/nyas.14128
https://doi.org/10.1111/nyas.14128
https://doi.org/10.1080/10408398.2016.1162765
https://doi.org/10.1080/10408398.2016.1162765
https://www.rivm.nl/en/dutch-national-food-consumption-survey/overview-surveys/dnfcs-2012-2016
https://www.rivm.nl/en/dutch-national-food-consumption-survey/overview-surveys/dnfcs-2012-2016
https://www.rivm.nl/en/dutch-national-food-consumption-survey/overview-surveys/dnfcs-2012-2016

3178

European Journal of Nutrition (2023) 62:3161-3179

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

van Rossum CTM, Nelis K, Wilson C, Ocké MC (2018)
National dietary survey in 2012-2016 on the general popu-
lation aged 1-79 years in the Netherlands. EFSA Supporting
Publications

European Commission (2006) Discussion Paper on the setting of
maximum and minimum amounts for vitamins and minerals in
foodstuffs. https://food.ec.europa.eu/system/files/2016-10/label
ling_nutrition-supplements-discus_paper_amount_vitamins_en.
pdf. Accessed 9 Jan 2023

Richardson DP (2014) Risk management approaches to the set-
ting of maximum levels of vitamins and minerals in food sup-
plements for adults and for children aged 4-10 years. https://
foodsupplementseurope.org/wp-content/themes/fse-theme/
documents/publications-and-guidelines/fseriskmanagement.
pdf. Accessed 4 Nov 2022

Allergens F, Turck D, Bohn T, Castenmiller J, De Henauw
S, Hirsch-Ernst KI, Knutsen HK, Maciuk A, Mangelsdorf I,
McArdle HJ, Pelaez C, Pentieva K, Siani A, Thies F, Tsabouri
S, Vinceti M, Aggett P, Crous Bou M, Cubadda F, de Sesmai-
sons Lecarré A, Martino L, Naska A, EFSA Panel on Nutrition,
NF (2022) Guidance for establishing and applying tolerable
upper intake levels for vitamins and essential minerals. EFSA J
20(1):e200102. https://doi.org/10.2903/j.efsa.2022.e200102
Laureano GH, Torman VB, Crispim SP, Dekkers AL, Camey SA
(2016) Comparison of the ISU, NCI, MSM, and SPADE meth-
ods for estimating usual intake: a simulation study of nutrients
consumed daily. Nutrients 8(3):166. https://doi.org/10.3390/
nu8030166

Dekkers AL, Verkaik-Kloosterman J, van Rossum CT, Ocke MC
(2014) SPADE, a new statistical program to estimate habitual
dietary intake from multiple food sources and dietary supple-
ments. J Nutr 144(12):2083-2091. https://doi.org/10.3945/jn.
114.191288

Health Council of the Netherlands (2018) An evaluation of the
EFSA’s dietary reference values (DRVs). https://www.gezondheid
sraad.nl/binaries/gezondheidsraad/documenten/adviezen/2018/09/
18/gezondheidsraad-herziet-voedingsnormen-voor-volwassenen/
achtergronddocument+An+evaluation+of+the+EFSA%27s+
dietary-+reference+values+%28DRVs%29+Part+1.pdf. Accessed
23 May 2023

European Food Safety Authority (2006) Tolerable upper intake
levels for vitamins and minerals. https://www.efsa.europa.eu/
sites/default/files/efsa_rep/blobserver_assets/ndatolerableuil.pdf.
Accessed 4 Nov 2022

Dekkers AL, Verkaik-Kloosterman J, van Rossum CT, Ocke MC
(2021) User’s manual for SPADE 4.1.00. https://www.rivm.nl/
documenten/manual-spade-version-4100. Accessed 4 Nov 2022
Mensink GB, Fletcher R, Gurinovic M, Huybrechts I, Lafay L,
Serra-Majem L, Szponar L, Tetens I, Verkaik-Kloosterman J,
Baka A, Stephen AM (2013) Mapping low intake of micronutri-
ents across Europe. BrJ Nutr 110(4):755-773. https://doi.org/10.
1017/S000711451200565X

Mertens E, Kuijsten A, Dofkova M, Mistura L, D’Addezio L, Tur-
rini A, Dubuisson C, Favret S, Havard S, Trolle E, Van’t Veer
P, Geleijnse JM (2019) Geographic and socioeconomic diver-
sity of food and nutrient intakes: a comparison of four European
countries. Eur J Nutr 58(4):1475-1493. https://doi.org/10.1007/
s00394-018-1673-6

Rippin HL, Hutchinson J, Jewell J, Breda JJ, Cade JE (2017) Adult
nutrient intakes from current National Dietary Surveys of Euro-
pean Populations. Nutrients. https://doi.org/10.3390/nu9121288
Berendsen AAM, van Lieshout L, van den Heuvel E, Matthys
C, Peter S, de Groot L (2016) Conventional foods, followed by
dietary supplements and fortified foods, are the key sources of
vitamin D, vitamin B6, and selenium intake in Dutch participants

@ Springer

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

of the NU-AGE study. Nutr Res 36(10):1171-1181. https://doi.
org/10.1016/j.nutres.2016.05.007

van Grootheest G, Milaneschi Y, Lips PT, Heijboer AC, Smit
JH, Penninx BW (2014) Determinants of plasma 25-hydroxyvi-
tamin D levels in healthy adults in the Netherlands. Neth J Med
72(10):533-540

Uijterschout L, Vloemans J, Vos R, Teunisse PP, Hudig C, Bub-
bers S, Verbruggen S, Veldhorst M, de Leeuw T, van Goudoever
JB, Brus F (2014) Prevalence and risk factors of iron deficiency in
healthy young children in the southwestern Netherlands. J Pediatr
Gastroenterol Nutr 58(2):193-198. https://doi.org/10.1097/MPG.
0000000000000216

Brederveld CL, van Campen JP, van der Velde N (2017) Preva-
lence of iron deficiency in a Dutch geriatric migrant population.
Neth J Med 75(8):344-350

Castela Forte J, Gannamani R, Folkertsma P, Kanthappu S, van
Dam S, Wolffenbuttel BHR (2022) A pilot study on the preva-
lence of micronutrient imbalances in a Dutch General Population
Cohort and the Effects of a Digital Lifestyle Program. Nutrients.
https://doi.org/10.3390/nu14071426

Willers C, Norton N, Harvey NC, Jacobson T, Johansson H, Lor-
entzon M, McCloskey EV, Borgstrom F, Kanis JA, IOF, Srpot
(2022) Osteoporosis in Europe: a compendium of country-spe-
cific reports. Arch Osteoporos 17(1):23. https://doi.org/10.1007/
$11657-021-00969-8

Bardon LA, Corish CA, Lane M, Bizzaro MG, Loayza Villarroel
K, Clarke M, Power LC, Gibney ER, Dominguez Castro P (2021)
Ageing rate of older adults affects the factors associated with, and
the determinants of malnutrition in the community: a systematic
review and narrative synthesis. BMC Geriatr 21(1):676. https://
doi.org/10.1186/s12877-021-02583-2

Plattel C, Brito A, Timmerman R, De Lathouwer S, Offringa A,
Richardus J, Auwerda H (2016) Prevalence of vitamin B-12 defi-
ciency and its relation to macrocytic anemia in an undiagnosed
patient population (n=161,548) in the Rotterdam Area, the Neth-
erlands. https://b12-institute.nl/en/abstract/. Accessed 16 Jan 2023
Allergens F, Turck D, Bohn T, Castenmiller J, De Henauw S,
Hirsch-Ernst KI, Knutsen HK, Maciuk A, Mangelsdorf I, McAr-
dle HJ, Naska A, Peldez C, Siani A, Thies F, Tsabouri S, Vinceti
M, Cubadda F, Abrahantes JC, Dumas C, Ercolano V, Titz A,
Pentieva K, EFSA Panel on Nutrition, NF (2022) Conversion
of calcium-l-methylfolate and (6S)-5-methyltetrahydrofolic
acid glucosamine salt into dietary folate equivalents. EFSA J
20(8):e07452. https://doi.org/10.2903/j.efsa.2022.7452
Bundesinstitut fuer Risikoberwertung (2021). Proposed maxi-
mum levels for the addition of vitamin A to foods including food
supplements. https://mobil.bfr.bund.de/cm/349/proposed-maxim
um-levels-for-the-addition-of-vitamin-a-to-foods-including-food-
supplements.pdf. Accessed 9 Jan 2023

Engle-Stone R, Miller JC, Reario MFD, Arnold CD, Stormer A,
Lafuente E, Oxley A, Capanzana MV, Cabanilla CVD, Ford JL,
Clark A, Velavan TP, Brown KH, Lietz G, Haskell MJ (2022)
Filipino children with high usual vitamin A intakes and exposure
to multiple sources of vitamin a have elevated total body stores
of vitamin a but do not show clear evidence of vitamin A toxicity.
Curr Dev Nutr 6(8):nzac115. https://doi.org/10.1093/cdn/nzac115
de Jong MH, Nawijn EL, Verkaik-Kloosterman J (2023) Con-
sumption of young child formulae in the Netherlands. Eur J Nutr
62(1):83-93. https://doi.org/10.1007/s00394-022-02956-2
Madrigal C, Soto-Méndez MJ, Hernandez-Ruiz A, Ruiz-Lépez
MD, Samaniego-Vaesken MDL, Partearroyo T, Varela-Moreiras
G, Gil A (2022) Dietary intake, nutritional adequacy, and food
sources of selected antioxidant minerals and vitamins; and their
relationship with personal and family factors in spanish children
aged 1 to & < 10 Years: results from the EsNuPI Study. Nutrients
14(19):4132


https://food.ec.europa.eu/system/files/2016-10/labelling_nutrition-supplements-discus_paper_amount_vitamins_en.pdf
https://food.ec.europa.eu/system/files/2016-10/labelling_nutrition-supplements-discus_paper_amount_vitamins_en.pdf
https://food.ec.europa.eu/system/files/2016-10/labelling_nutrition-supplements-discus_paper_amount_vitamins_en.pdf
https://foodsupplementseurope.org/wp-content/themes/fse-theme/documents/publications-and-guidelines/fseriskmanagement.pdf
https://foodsupplementseurope.org/wp-content/themes/fse-theme/documents/publications-and-guidelines/fseriskmanagement.pdf
https://foodsupplementseurope.org/wp-content/themes/fse-theme/documents/publications-and-guidelines/fseriskmanagement.pdf
https://foodsupplementseurope.org/wp-content/themes/fse-theme/documents/publications-and-guidelines/fseriskmanagement.pdf
https://doi.org/10.2903/j.efsa.2022.e200102
https://doi.org/10.3390/nu8030166
https://doi.org/10.3390/nu8030166
https://doi.org/10.3945/jn.114.191288
https://doi.org/10.3945/jn.114.191288
https://www.gezondheidsraad.nl/binaries/gezondheidsraad/documenten/adviezen/2018/09/18/gezondheidsraad-herziet-voedingsnormen-voor-volwassenen/achtergronddocument+An+evaluation+of+the+EFSA%27s+dietary+reference+values+%28DRVs%29+Part+1.pdf
https://www.gezondheidsraad.nl/binaries/gezondheidsraad/documenten/adviezen/2018/09/18/gezondheidsraad-herziet-voedingsnormen-voor-volwassenen/achtergronddocument+An+evaluation+of+the+EFSA%27s+dietary+reference+values+%28DRVs%29+Part+1.pdf
https://www.gezondheidsraad.nl/binaries/gezondheidsraad/documenten/adviezen/2018/09/18/gezondheidsraad-herziet-voedingsnormen-voor-volwassenen/achtergronddocument+An+evaluation+of+the+EFSA%27s+dietary+reference+values+%28DRVs%29+Part+1.pdf
https://www.gezondheidsraad.nl/binaries/gezondheidsraad/documenten/adviezen/2018/09/18/gezondheidsraad-herziet-voedingsnormen-voor-volwassenen/achtergronddocument+An+evaluation+of+the+EFSA%27s+dietary+reference+values+%28DRVs%29+Part+1.pdf
https://www.gezondheidsraad.nl/binaries/gezondheidsraad/documenten/adviezen/2018/09/18/gezondheidsraad-herziet-voedingsnormen-voor-volwassenen/achtergronddocument+An+evaluation+of+the+EFSA%27s+dietary+reference+values+%28DRVs%29+Part+1.pdf
https://www.efsa.europa.eu/sites/default/files/efsa_rep/blobserver_assets/ndatolerableuil.pdf
https://www.efsa.europa.eu/sites/default/files/efsa_rep/blobserver_assets/ndatolerableuil.pdf
https://www.rivm.nl/documenten/manual-spade-version-4100
https://www.rivm.nl/documenten/manual-spade-version-4100
https://doi.org/10.1017/S000711451200565X
https://doi.org/10.1017/S000711451200565X
https://doi.org/10.1007/s00394-018-1673-6
https://doi.org/10.1007/s00394-018-1673-6
https://doi.org/10.3390/nu9121288
https://doi.org/10.1016/j.nutres.2016.05.007
https://doi.org/10.1016/j.nutres.2016.05.007
https://doi.org/10.1097/MPG.0000000000000216
https://doi.org/10.1097/MPG.0000000000000216
https://doi.org/10.3390/nu14071426
https://doi.org/10.1007/s11657-021-00969-8
https://doi.org/10.1007/s11657-021-00969-8
https://doi.org/10.1186/s12877-021-02583-2
https://doi.org/10.1186/s12877-021-02583-2
https://b12-institute.nl/en/abstract/
https://doi.org/10.2903/j.efsa.2022.7452
https://mobil.bfr.bund.de/cm/349/proposed-maximum-levels-for-the-addition-of-vitamin-a-to-foods-including-food-supplements.pdf
https://mobil.bfr.bund.de/cm/349/proposed-maximum-levels-for-the-addition-of-vitamin-a-to-foods-including-food-supplements.pdf
https://mobil.bfr.bund.de/cm/349/proposed-maximum-levels-for-the-addition-of-vitamin-a-to-foods-including-food-supplements.pdf
https://doi.org/10.1093/cdn/nzac115
https://doi.org/10.1007/s00394-022-02956-2

European Journal of Nutrition (2023) 62:3161-3179

3179

40. Kumar S, Calvo R, Avendano M, Sivaramakrishnan K, Berkman

41.

LF (2012) Social support, volunteering and health around the
world: cross-national evidence from 139 countries. Soc Sci Med
74(5):696-706. https://doi.org/10.1016/j.socscimed.2011.11.017
Macdiarmid J, Blundell J (1998) Assessing dietary intake: Who,
what and why of under-reporting. Nutr Res Rev 11(2):231-253.
https://doi.org/10.1079/NRR 19980017

42. World Health Organisation (2023) Accelerating efforts for pre-
venting micronutrient deficiencies and their consequences, includ-
ing spina bifida and other neural tube defects, through safe and
effective food fortification. https://apps.who.int/gb/ebwha/pdf_
files/EB152/B152_CONF5-en.pdf. Accessed 8 June 2023

@ Springer


https://doi.org/10.1016/j.socscimed.2011.11.017
https://doi.org/10.1079/NRR19980017
https://apps.who.int/gb/ebwha/pdf_files/EB152/B152_CONF5-en.pdf
https://apps.who.int/gb/ebwha/pdf_files/EB152/B152_CONF5-en.pdf

	Micronutrient intakes in the Dutch diet: foods, fortified foods and supplements in a cross sectional study
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Study population and data sources
	Questionnaires and dietary intake assessment
	Habitual Intake analysis
	Other statistical analyses and data visualization

	Results
	General trends in the habitual intake of micronutrients
	Calcium
	Iron
	Zinc
	Vitamin A
	Vitamin B6
	Folate
	Vitamin D
	Vitamin E

	Discussion
	Conclusions
	Anchor 25
	Acknowledgements 
	References




