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Abstract

Background

In Germany, vitamin D intake from food and synthesis in the skiowisWhich leads to loy
25(0OH)D serum concentrations. In contrast to many other countries;agjeitamin D food
fortification is still prohibited in Germany, although the Europ€ammission published |a
regulatory framework to harmonize addition of vitamins to foods. Thuguhgose of our
study was to develop a vitamin D fortification model, taking intooant all vitamin D
sources with the goal to fulfill requirements of intake recomragods or preferable
25(0OH)D serum concentrations. Finally, the aim was to asbkessuitability of different
carriers and associated risks.

<

Methods

We developed a mathematical bottom-up model of 25(OH)D serum caatcamgrbased on
data about vitamin D sources of the German population such as sumdigtt,and
supplements for all federal states taking seasonal and geagaphiiations into accourit.
We used this model to calculate the optimal fortification legelfifferent vitamin D carriers
in two approaches. First we calculated required fortificaterels based on fixed intake




recommendations from e.g. the IOM or the DGE and second based owiragldertain
25(OH)D serum concentrations.

Results

To lift 25(OH)D serum concentration in Germany to 75 nmol/L, e.g.dl@dead has to he
fortified with 11.3pg during winter, resulting in a daily vitamin D intake of 23g. Bread
seems to be a suitable carrier for base supply. However, overslosdgth a single fortifieg
product is higher than the risk with several fortified carriers.

Conclusions

With the model in hand, it is possible to conceive vitamin D fodiion strategies fg
different foodstuffs and model its impact on 25(OH)D serum concentrations.

=
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Introduction

Sufficient vitamin D intake as well as adequate vitamin Dhggis in the skin is required to
control calcium homeostasis a bone turnover. The effects of vitanoim human health are
diverse [1] but not yet fully investigated. However, vitamin D Ib@sn implicated in the risk
of overall mortality [2], cancer [3-12], diabetes [13-15], musculosKeldisorders [16],
mental [17] and physical performance [18], hypertension [19], cardiolasdiseases [20],
and autoimmune diseases [19,21]. Although, many benefits of vitamire Dbéguitously
known, recommended intake (RI) and more importantly upper limits (ve to be
considered to prevent adverse effects such as vitamin D intoxicétioxication may occur
at 25(0OH)D concentrations above 500 nmol/L [22], while 75 nmol/L are coesides
adequate [23,24].

In Germany, vitamin D intake from natural food sources [25,26] a$ aselvitamin D

synthesis in the skin is low [23], which subsequently leads to low 2&{Os€rum

concentrations. In Germany this was once reported in a populationcftitigtzpeter and
co-workers [26] and is now detailed with a novel mathematical bottom-up model@i g5 (
concentrations [27]. Building on this knowledge, the aim of our study avds\velop a novel
vitamin D fortification model, taking into account all vitamin D sascdifferent carrier
products suitable for fortification and various fortification scesato fulfill requirements of
risk considerations as well as both intake recommendations and &bdwithmin D

concentrations.

Earlier fortification models have been published by Flynn and amdevs [28], Rasmussen
and co-workers [29] or by Hirvonen and co-workers [30]. Models fromrFand Rasmussen
consider the safe upper limit for vitamin D fortification perrgyeunit. While in the Flynn
model only vitamin D intake from natural food sources is consideretheadasis for
estimating the fortification levels, the Rasmussen model ates fato account the vitamin D
intake from supplements. Whereas these two models give fixadsvhbhsed on equations,



the Hirvonen model developed the association between the risk of exgéeeliUL and the
fortification level. This is important for risk managers in ortte decide on the acceptable
risk. Our model, however aimed to combine advantages of previous models atbtut,
yet unconsidered, but significant aspect to vitamin D fortificati@defing. It includes not
only food intake from natural food sources and supplemental habits, buvi@son D
synthesis in the skin. In order to allow risk considerations, we defingous fortification
scenarios for different dietary intake of natural food sourcBspéscentile, mean and 95
percentile). Still, we have to mention that our study does not inohstienates on an
individual level, as it only considers average data.

Methods

Model is based on three core dimensions

A bottom-up model of 25(OH)D serum concentrations [27] as a function oéxquwsure,

food and supplements predicts and considers both vitamin D sources amd {tatatus of

the average population in Germany. Output values are 25(OH)D sengantrations of an
average German individual for each month of the year and for eacra®éderal state. For
detailed description of the model and its results please see pespectives on vitamin D
sources in Germany based on a novel mathematical bottom-up modelQ#)P56erum

concentrations”[27].

Having a detailed understanding of the contributing factors andethdting 25(OH)D
concentrations, one can develop new perspectives on food fortificatemargs for
Germany. The fortification model depicted in Figure 1 dessrdmenarios for a vitamin D
fortification of bread, milk and juice. Zero point of each axis dbssria minimum
fortification scenario, while the fortification level risesthvincreasing distance from zero
point. The maximum fortification scenario is indicated by the dattébe. Depending on the
chosen value of each axis, the size of the cube representsdtidiii intensity. This model
does only stand for information for the average German population, Ingt isapable of
considering fortification scenarios for individuals.

Figure 1 Logic of the vitamin D fortification model. The three axes depict the logic of each
fortification intensity scenario considered in our model. The x-axistamin D intake —
represents daily vitamin D intake through natural food sourceglaasvsupplements. While
individuals of the 98 (zero point) percentile already have a high vitamin D intake,
individuals of the 8 percentile (furthest from zero point) still have a low vitamiingke.
The more vitamin D an individual already consumes, the lower tlcalated fortification
intensity in our model.

The x-axis — vitamin D intake — represents daily vitamin D intdkeugh natural food
sources as well as supplements [27]. While individuals of théZ50 point) percentile have
high vitamin D intake, individuals of thé"Sercentile (furthest from zero point) have low
vitamin D intake. The more vitamin D the population consumes on avdradess the food
has to be fortified.

The y-axis — carrier foodstuff consumption — plots consumption habitheofgéneral
population for foodstuffs, which this model considers to be fortified. Peint of y-axis
belongs to the 95(high carrier intake scenario) percentile of food consumers whsume



large quantities of considered fortified carriers and the(I6w carrier intake scenario)
percentile, furthest from zero point, belongs to those who consumeittleryf respective
foodstuff. The average consumption of considered foodstuff in the populatiepréesented
by the “mean carrier intake” scenario. As there are diffagfmetween men’s and women’s
nutritional habits, in all “high carrier intake” and in all “meearrier intake” case scenarios,
higher consumption volumes and thus lower fortification levels werd fereasons of
conservative considerations. In all regarded carriers, men aee whims consume more than
women. Only in the “low carrier intake” scenario, we used consumptiantities of those,
who consume less. For all carriers considered this means womesxeAmption to this is
milk as in the § percentile of milk consumers, men consume less than women. The “low
carrier intake” (8 percentile) scenario means that 95% of the individuals of the pimpulat
would have an additional vitamin D intake through fortified food, which tlifesr intake and
thereby their 25(OH)D serum concentrations to a targeted level (z-axis).

The z-axis — intake recommendation or recommended 25(OH)D levelserilbs the
recommended vitamin D intake or a 25(OH)D serum concentration tovacliero point of
z-axis refers to individuals, who tend to meet RI values of th@utesbf Medicine (159
per day, IOM) and thereby reach 25(OH)D serum concentratio®® afmol/L which is
defined as the lower value for adequate circulating 25(OH)D lewé¢the IOM [31]. For the
UL we considered people older than 8 years with an upper intakeofit®0png [31] or with
a serum threshold of 75 nmol/L [23,24].

Seasonally varying fortification introduced as altenative approach to
constant fortification

This model is being developed in two approaches. The first approaxch tai define a
constant fortification (z-axis as intake recommendation) of differcarrier foodstuffs
throughout the year, as is common practice. For the constant faidificaodel, the vitamin
D serum concentration model [27] was only used in parts. That iside@sb(OH)D serum
levels are not used as calculation base, but only vitamin D intakerfatural food sources
plus an average vitamin D intake from vitamin D supplements. To asdcuonstant
fortification (f;) levels of carrier foodstuff, the differenc&)(between recommended vitamin
D intake (}) and actual vitamin D intake through natural food sources and supptefherst
divided by intake of considered food to be fortifieg),(vhich are bread and milk as well as
juice. This model can be easily adapted to all fortifiable faagces, but we only considered
the three mentioned products. The underlying rationale of choosirg fiadstuffs was on
the one hand the goal to choose a carrier that is consumed by mostipeBplfmany (here
bread) and to choose carriers, for which there are many faibficaxperiences in other
countries (here milk as well as juice).

The more the population consumes considered carrier foodstufftfe less will it be
fortified. The higher the recommended intake levels é.g. the 2Qug recommendation by
the German Nutrition Society (DGE) [32], the more will theriea be fortified. { is
calculated for all scenarios, which are determined by therdiit characteristics of the three
axes depicted in Figure 1. The dimension gisfug per 100 g of considered fortified
foodstuff, which is why we include the normalizing factor of 100 in fingction §. For
bread, only bread and rolls were considered. Pastries such as bakedcgkeslscream pies
or pizza as well as cereal and grain products were not consiter@dAmong the category
milk we subsumed milk, milk mix drinks as well as milk products sashyoghurt or
buttermilk. Juices contain all fruit juices and fruit nectars, butvegetable juices and juice



drinks such as apple juice spritzer. For detailed input parametteg @rtification model, see
Table 1 [23,24,27,31-34].

100 100
fc:5i'F—i=(1r—1a)'F—i

Table 1Input parameters of the model

# Parameter Value or comment Source
1 Vitamin D serum concentration model
1.1 25(OH)D concentration Varies per month and peeffal state of Germany Brown et al [27].
[nmol/L]; average: 45 nmol/L
1.2 Vitamin D intake through food Varies per gendeean average men: i and  Brown et al [27].

mean average women: 21§ per day
2 Carrier foodstuff consumption

2.1 Bread Men/Women National Nutritional
5" percentile 46 g/43 g Survey Il [34]
Mean intake 180 g/134 g
95" percentile 377 9/l270 g
2.2 Milk Men/Women National Nutritional
5" percentile 16 g/22 g Survey Il [34]
Mean intake 222 g/203 g
95" percentile 712 g/555 g
2.3 Juice Men/Women National Nutritional
5" percentile 0g/0g Survey Il [34]
Mean intake 270g/232 g
95" percentile 1,200 g/1,000 g
3 Intake recommendation or 25(OH)D
recommendation
3.1 Intake recommendation
IOM 15ug IOM [31]
DGE 20ug DGE [32]
Upper Limit (UL) 10Qug IOM [31]
3.2.Recommended 25(OH)D conc.
IOM 50 nmol/L IOM [31]
Bischoff-Ferrari et al., 75 nmol/L Bischoff-Ferrari et al
[24],
Domarus et al. Domarus et al [23].
4 Others
4.1 Conversion factor fortified food to ~ 2.32 nmol/L per 1.g O’Donnell [33]

25(0OH)D serum increase

The second approach aims to level 25(OH)D serum concentrationgarfying the
fortification amount per fortified foodstuff throughout the year (sas 25(0OH)D target
level). For the varying fortification model, the vitamin D serum conceotratiodel [27] was
used as a whole. That is because 25(0OH)D serum levels werasisadculation base. To
calculate varying fortification levels bf the different carrier foodstuffs, the differen@g) (
between recommended 25(OH)D levelg @nd actual 25(OH)D levels {Lis divided by the
conversion factor ¢ as well as by intake of considered food to be fortifigyl (hich are
bread and milk and juice. The conversion factor (cf) was derived from O’'Dareliew on
efficacy of food fortification on serum 25-hydroxyvitamin D centrations [33]. O’'Donnell
included not only milk-based fortified food, but also different dairy based produets] bnd
orange juice, which reflects the vitamin D carrier portfolio emos our study. O’Donnell
reported conversion factors indirectly as she mentions base and final 25¢0hkté&ntrations
after a certain additional vitamin D intake. Out of 9 trials, @vygted sufficient data for
calculation of the absolute mean change from baseline in 25(OH)Dis¥dethese 7 trials for



conversion factor calculation for fortified food. The normalizing fad@® is used likewise.
Actual levels (l;) are specific for each month of the year and are derivedtfieraitamin D
serum concentration model [27].

100

fo=06c——=(L,—Lg)-

crFy

100
crFy

To get an impression of the new (“n”) 25(OH)D serum concentratioiase of vitamin D
food fortification (L,x) for each month “x” of the year, we calculated resulting vitami
concentrations as a function of actual (“a”) (25)OHD concentratiompeith “x” (Lay) plus
its rise due to consumption of fortified food;)(FAs a monthly change of the fortification
intensity is not practical we defined cluster of seasondilggnging fortification levels
(summer time and winter time).

_ crFify
Lnx - Lax + 100

Softwar e tools

All models were calculated using Excel version 2007. Macros wegrganmed in Visual
Basic version 6.5. Pictures were created using PowerPoinbne2§i07 and Think-Cell
version 5.2.

Ethics approval

This study was approved by the local ethics board of the Urtiwekedical Center

Hamburg. There was no need for further ethics approval as the istumhly based on
publicly available data (see Table 1: Input parameters of the matltce there were no
direct participants in our study which is why no written informedsent for participation in
the study needed to be obtained.

Results

Ideal fortification levels vary by underlying conditions

The Figure 2A/B portrays the vitamin D fortification level of 100fgbread in the two
approaches described in Figure 1. E.g. Figure 2A “mean cartaketlOM-mean scenario”
(indicated as the dotted box in Figure 1 and Figure 2A) means thaj bo€ad has to be
constantly fortified with 6.5ug in order to provide someone who is an average bread (“mean
carrier intake”) and an average vitamin D consumer (“meartt) ¥bug a day (“IOM”). The
average bread intake is approximately 180 g, the average vitamtak® is 3.1ug (for both
men and women). 6.5g multiplied with 1.8 (180 g divided by normalizing factor 100) plus
3.1 ug and 0.3ug of supplements (men and women averaged) is approximatefyg 15
(differences due to rounding). Figure 2B follows the same caicanlibbgic, but is not based
on a constant fortification level, but on seasonal variations of 23§Q¢dncentrations.
Scenarios of Figure 2B thus aim to keep vitamin serum concenabn a constant level
throughout the year. E.g. Figure 2B “mean carrier intake-75 nmol/lnree@nario” means
that in January, 100 g bread has to be fortified with approximafieB/ug. Someone who
consumes 180 g bread (“mean carrier intake”) and who has an awéiegen D intake
(“mean”) thus has a daily vitamin D intake need of approxima&®gly ug (20.3ug plus 3.1



ug plus 0.3ug) to yield a 25(0OH)D concentration of 75 nmol/L. We calculatetifitmation
levels not only for bread (Figure 2A/B), but also for milk and jukigure 3A/B. In Figures
2B and 3B, we indicated months, during which no fortification is requiredrder to
guarantee targeted 25(OH)D concentrations. In case fortificadiis| drop below the zero
level, the fortification level was set to level 0. These monthee wlee base for defining
cluster of seasonally changing fortification levels.

Figure 2 Vitamin D fortification of bread. Figure 2 depicts fortification levels for bread
that are needed to either increase an individual's vitamin Ddriala recommended level
(IOM, DGE or to the ULfigure A) or to increase an individual's 25(OH)D concentration to a
preferred level (50 nmol/L or 75 nmol/figure B). The three columns represent the three
scenarios of individuals with different carrier intakes (herghhhimean and low bread
intake).A. Fortification levels for bread to meet intake values of nutritigouadelines of the
IOM, of the DGE or to reach the UL. For definition of the “highriearintake”, “mean
carrier intake” and “low carrier intake” scenarios seeufggl. Please note the break in the
“low carrier intake” scenario for the UL. The x-axis depictsoramended intake levels,
while y-axis shows fortification levels ipng per 100 g bread. White”(ajercentile), grey
(mean intake) and black shaded "9%ercentile) bars reflect the current vitamin D intake
levels (natural food sources and supplement). Fortification scenarios to reach
concentrations of either 50 nmol/L or 75 nmol/L. The x-axis depictgingrfortification
levels throughout the year, while the y-axis shows fortificatemels inug per 100 g bread.
The dotted line belongs to individuals who tend to reach a 25(OH)D mwaten of 50
nmol/L and the solid line belongs to the 75 nmol/L goal. Below eaahhgrmonths are
indicated, during which no fortification is required. Whit& ¢gercentile), grey (mean intake)
and black (9% percentile) labeled graphs stand for the current vitamin D infekels
(natural food sources and supplements).

Figure 3 Vitamin D fortification of milk and juice. Figure 3 is analogous to Figure 2 and
depicts fortification levels of milk and juice that are needeeittter increase an individual's
vitamin D intake to a recommended level (IOM, DGE or to the figure A) or to increase
an individual’s 25(OH)D concentration to a preferred level (50 nmol/Z50onmol/L,figure

B). The x-axis depicts recommended intake levels, while y-axis shart¥fication levels in
ug per 100 g of the respective carrier. White (5th percentite); mean intake) and black
shaded (95th percentile) bars reflect the current vitamin D in¢adeds (natural food sources
and supplements). Shown here is only the scenario for individuals wida@a carrier (milk
and juice) intake.

Effects on 25(0OH)D concentration serve as basis foisk assessment

The modeled effect of vitamin D food fortification on 25(OH)D sefrarshown in Figure 4A
and Figure 4B. Figure 4A depicts the scenario of people who &awee/erage vitamin D
intake from food and supplements as well as an average consumptiencafrier foodstuff.
The two graphs in Figure 4A are equal for all fortified foodstuéfs our goal was to set
25(0OH)D serum concentrations to the same level for each cpraduct. In some months,
the right graph shows no difference between old and new serum gatioast as there is no
fortification from May to September (see Figure 2B and 3BJ.risk assessments, Figure 4B
aims to assess the effect of a fortification level based aageearrier intake on people with
extreme dietary intake of vitamin D as well as extremé&dyantake of the carrier product.
Driving factors for these extreme estimates are highmiiteD intake (95 percentile) and
high fortified foodstuff consumption (§5percentile) for the upper limit as well as low



vitamin D intake (8 percentile) and low fortified foodstuff consumptior’ (Bercentile) for
the lower limit. It becomes obvious that bread has the most stédte @ 25(OH)D serum
concentrations among the three foodstuffs when estimating to the ugpethe lower limit.
Considering the upper limit, the effect of fortified food overridéster vitamin D sources.
This especially holds true for milk and juice. On the other $idddwer limit considerations
(5" percentile) show almost no change, as this group of the population coralomssnone
of respective foodstuffs. The effect of different consumption habitse general German
population for these three carriers is shown in Figure 4C. It shotamin D intake
multipliers due to differences betweeli percentile intake, mean intake and"fercentile
intake. Very prominent is vitamin D intake multiplier of juice wheomparing the “low
carrier intake” with the “high carrier intake” scenario, whishdue to the fact that thé"5
percentile of juice consumers is near 0 g per day. Most aesiagainst a change of the
scenario is bread, which is due to the fact that the spread bdtweénead and high bread
consumption is smaller than with any other considered carrier.

Figure 4 Effect of food fortification on 25(OH)D concentrations and ri& considerations.
A. Modeled effect of vitamin D food fortification on 25(OH)D concettras. Portrayed is
only the scenario of individuals with mean intake of vitamin D and the carrier prddhecx-
axis depicts varying fortification levels throughout the year]eniie y-axis shows resulting
25(0OH)D levels due to intake of vitamin D fortified food. The dottaed BEhows the effect of
food fortification when aiming to level 25(OH)D concentrations a@edain value and the
solid line shows 25(0OH)D concentrations without food fortification. THegi@ph shows the
75 nmol/L goal, while the right graphs shows the 50 nmol/L dhdtffect of fortification on
people with extreme dietary intake of vitamin D and the captieduct. Driving factors for
these extreme estimates are high vitamin D intake (95th migegeand high fortified
foodstuff consumption (95th percentile) for the UL as well as lowmiitaD intake (5th
percentile) and low fortified foodstuff consumption (5th percentileftie lower limit. Here,
fortification levels are based on average carrier intake. Frand y-axis are defined as in
part A. The dotted line belongs to individuals who tend to reach a 25@bhcentration of
50 nmol/L and the solid line belongs to the 75 nmol/L goal. The threenosluepresent risk
assessment for bread, milk, and jui€. Comparison of effects of different vitamin D
fortified carrier intake on vitamin D intake. Bars show, how muobre vitamin D an
individual from a certain carrier intake percentile would investemparison to another
individual. Compared here are low (5th percentile) with mean and high f@tentile)
carrier intake. The x-axis shows different carrier products, ewthle y-axis represents
multiplication factor of vitamin D intake due to vitamin D fortified food.

Discussion

We compared the conventional approach of constant food fortification widwaone that
takes into account seasonal variations of 25(OH)D concentrationsurfiamowledge this is
the first model that is able to find a fortification levelhiah is needed to either lift an
average individual of the German population to a certain predefined X5(Qkrum
concentration or to raise the intake of an individual to a recommentidaeki For means of
risk assessments, this model considers several scenariosnatesipper, mean and lower
fortification levels for individuals with different intake. The ntiyeof the model in hand is
based on the fact that it considers 25(OH)D serum concentratidnes than only intake
recommendations and thus aims to level the 25(OH)D level throughoyéaneOur model
is programmed in a way that it can be easily adapted to all resurand all vitamin D



carriers as long as input parameters are available for taspetwations. Although the
fortification model is based on simple mathematics, some aspeitis method of the model
(4.1), the assumptions and input parameter (4.2) as well as the (dsBjtsemain up for
discussion and have to be further validated.

The method of the model

Our approach is different to previously published models from Rasmess#. [29], Flynn

et al. [28] or Hirvonen et al. [30] in two ways. First, these n®oaeld a specific level of
vitamin D per 100 kcal. Our model adds a specific level of vitampeD100 g of food, but

also considers intake of the German population. Due to the combination of intake in gram and
fortification levels in vitamin D per 100 g, the calculation result a similar logical
approach, as our model is likewise able to define fortificalémels for people with low,

mean or high vitamin D intake. Second, our model not only considersdatitin levels to

meet certain intake levels, but also takes into account seasoiadiona of 25(OH)D levels

due to sun exposure. When making risk assessments, the second reason might be considered a
shortcoming of our approach, as vitamin D synthesis in the skin maydavéhe effects of
nutritional and supplemental intake [35-37]. It could be thus raised toiauesthether

upper limit considerations are meaningful in the second approach.o@piare divided
concerning the contribution of sunlight as influencing factor for 25@DHjerum
concentrations. Diffey et al. [35] state that the sun may mak® 6% percent during
summer times, while Shariari et al. [36] report that sun maytribute to vitamin D
concentrations by more than 90%. As only average sun exposure halaitagable as input
parameter for Germany, risk assessment statements inatb@naé variations approach may

be put up for debate.

The assumptions and input parameter

Our model is based on a set of input parameter, see Table 1. Whieparameters such as
recommended intake levels are non-country specific, some paranaeggre.g. foodstuff
consumption. When adapting our model to other countries the availabilibhesé country
specific parameters are a key prerequisite. Nevertheless, adailability might be a
challenge in some countries.

We made every effort to refrain from input assumptions wherevailpp@sNonetheless, an
element of uncertainty remains the conversion factors of forfified. In our model we used

the systematic review of O’Donnell et al. [33] that determities effects of vitamin D—
fortified foods on serum 25-hydroxyvitamin D 25(OH)D concentrationsausee the carrier
products assessed in O’Donnell’'s study match the vitamin D cawi¢folio chosen in our
study. Yet these conversion factors have been subject of variousssists. Other
researchers such as Vieth [38] claim that the conversion fectower at around 0.5-1.5
nmol/L per 1ug vitamin D. However, our model is designed in a way that recalculation based
on adapted input parameters, e.g. a lower conversion factor, can easily be gerforme

The results

The results of our fortification model (see example calculatiochapter “results”), stating
that an average individual needs approximately 28.@ day to reach a concentration of 75
nmol/L, are in line with other observations [7,11,24,39-44]. Other publicatiensfaimilar
statements, proposing 2 to obtain an adequate serum 25(OH)D in the absence of UVB



irradiance [45] or to raise the level by up to 25 nmol/L [46], wh&ltamparable to our
results. However the intake needed per day to reach a concenth5 nmol/L remains
controversial since other publications suggest required intake lelvdl8 ng per day and
higher [47,48]. Furthermore it is important to note that determinirigi¢ation levels based
on an average individual’'s behavior implies that only a certain propodf the entire
population reaches the desired serum concentrations. If the goa lift the serum
concentration of almost the entire population to a desired leveljdatiii levels have to be
set much higher. However, in this case risk implications gain in importance.

Concerning food products to be fortified, one can argue, whether breasuitable carrier
for vitamin D as there are only few, but promising experiences [B9%Ewever from a
nutritional point of view in Germany, bread makes sense in a cotigiemensions. Bread is
a basic and a perishable foodstuff in Germany and it is the onlythabdioes not show a
consumption decline in the elderly population [34], which is of spenjpbitance to prevent
osteoporosis. All age categories and all social classes conzwaé and the difference
between mean intake and the"9sercentile is low compared to other potential vitamin D
carriers [34]. This makes the amount of vitamin D intake throughfiéattifoodstuff
controllable. Additionally, bread is not a peak product such as juiegqugntly consumed
during some seasons, like summer time) that could potentially bodsinivi D
concentrations to a maximum due to increased intake [34]. Hirvonen et al. [30] also show tha
bread is an efficient vitamin D carrier when looking for a soluteoreduce the proportion of
people with low vitamin D intake and which is safe in avoiding tble of exceeding the UL.
Still it remains open, whether vitamin D fortified bread alonelmahe solution to alleviate
vitamin D deficiency in Germany, as some studies show that foaticition with vitamin

D is more efficient when a wide variety of foods are fmtifwith a low concentration
[30,51]. The risk of overdose is higher for those, who consume larger tepganfi certain
foods, when only some foodstuff is fortified with high vitamin D coneitns [30]. The
more food is fortified with lower concentration, the less likelpverdosing, as nobody can
consume high quantities of all foodstuff that is fortified [30]. Tisisalso in line with
Valimaki and co-workers [51]. Considering the two other proposed foodsbufis fortified,
milk as well as juices are common carriers for vitaminbPR-$6], which however does not
necessarily make these products suitable for fortificaticAarmany. A reason against milk
and juice as carriers is the fact that the quantity spreadnsiumption for these foodstuffs is
rather high [34]. In Finland, for example, this holds true for young egmvho are not
reached by the current milk fortification policy [57].

Bottom estimates {bpercentile) in Figure 4B shows almost no difference for mitk jaice,

as the 8 percentile almost consumes nothing of those carrier products. Thisidbksld

true for bread as even th& Bercentile consumes at least some bread. Top estimdte (95
percentile), reflects the quantity spread in consumption habits,i@gpéar milk and juice.
This is subsequently reflected in massive 25(OH)D concentratioredase. One has to
mention that these extreme estimates reflect very unlike§nasios. However, these
estimates are useful for risk considerations as they repprése maximum 25(OH)D
concentration increase.

Regardless of the fortification strategy and its potential i@akimpact on the health of the
general population, one has to keep in mind two things. First, food fatitticper se is not
allowed in Germany. There are only few exemptions allowed for rgkerertification.

Among them are margarine, blended fat products as well asydietad products. Second,
vitamin D food fortification poses the risk of a vitamin D intoxica, though it appears to



have been caused by excessive vitamin D fortification of dailly [58-60]. Furthermore,
intoxication is not the only risk, which might go in hand with vitamirioDd fortification.
Although the therapeutic window for a safe supplementation of vitamsneRtremely wide,
some groups could be at risk. The body regulates the biologic amivaticholecalciferol
through control of &-hydroxylase activity [22]. This, however, does not apply for the safe
supplementation of the active hormone (calcitriol) for example faplpewith chronic
kidney disease, as the therapeutic window is relatively small here [61].

Conclusions

We compared the conventional approach of constant food fortification widwastrategy
that takes into account seasonal variations of 25(OH)D concentratiensyanaged to show
that bread as carrier product may be a suitable basenis tdrrisk management, however,
bread alone is probably not sufficient, as the risk of overdose wsitigke fortified product is
higher than the risk with several fortified carriers [30,51]. Our rhisderogrammed in a way
that it can be easily adapted to all countries and all vitamicaiDers as long as input
parameters are available for respective nations. To our knowledgemodel with its
approach is unigue and may help many countries, where the population isqvadaein D
deficiency and which are searching for a strategy to improveithmin D status of their
population to realize associated benefits [62]. General vitamin dkanéand respectively
25(0OH)D concentrations of the German population is low. A possible reagn be that
food fortification is still prohibited in Germany. With this novel mbitkehand, it is possible
to conceive vitamin D fortification strategies for differémbdstuffs and model its impact on
25(0OH)D concentrations. We propose to critically discuss theegyrabf constant food
fortification and show considerations for a seasonal variation offfotification to balance
25(0OH)D concentrations on an certain level.
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