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25(0OH)D — Serum 25-hydroxyvitamin D
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ODIN - Food-based solutions for optimal vitamin D nutrition and health through the life cycle
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CV — Coefficient of variance ((SD/mean)*100)

UL — Tolerable Upper Intake Level

FFQ — Food Frequency Questionnaire

OPTIFORD — Towards a strategy for optimal vitamin D fortification
UCC — University College Cork

LC-MS/MS — Liquid chromatography-tandem mass spectrometry
VDSP - Vitamin D Standardization Program

ANOVA — Analysis of variance

ANCOVA — Analysis of co-variance
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ABSTRACT

Purpose: Low vitamin D status is prevalent worldwide. We aim to investigate the effect of vitamin D
fortification on serum 25-hydroxyvitamin D (25(OH)D) concentration in women of Danish and Pakistani
origin at risk of vitamin D deficiency.

Methods: A 12-week randomized, double-blinded, placebo-controlled intervention trial during winter time,
designed to provide 20 pg vitamin Ds/day through fortified yoghurt, cheese, eggs and crisp bread and assess
the change in serum 25(OH)D. Participants were 143 women of Danish and Pakistani origin, living in
Denmark, randomized into four groups, stratified by ethnicity.

Results: Mean (SD) baseline 25(OH)D concentrations among women of Danish and Pakistani origin were
49.6 (18) and 46.9 (22) nmol/L, respectively (P = 0.4). While 9 % of Danish women had 25(0OH)D < 30
nmol/L, the prevalence among women of Pakistani origin was 24 %. Median (IQR) vitamin D intake among
Danish and Pakistani women at endpoint was 32.0 (27.0, 34.4) ug/d and 24.2 (19.2, 30.8) pg/d, respectively.
Endpoint serum 25(OH)D increased in fortified groups to 77.8 (14) nmol/L among Danish women and 54.7
(18) nmol/L among women of Pakistani origin (P < 0.01). At endpoint, 0 % in the Danish fortified group and
3 % in the Pakistani fortified group had 25(OH)D < 30 nmol/L, compared with 23 % and 34 % in their
respective control groups.

Conclusions: Vitamin D fortification of four different foods for 12-weeks during winter was effective in
increasing serum 25(OH)D and reducing the prevalence of very low vitamin D status among women of
Danish and Pakistani origin.

Keywords: Vitamin D; Food-based RCT; ODIN; women of Pakistani origin; women of Danish origin;

fortified foods.
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INTRODUCTION

Very low and low vitamin D status (reflected by serum 25-hydroxyvitamin D [25(OH)D] concentrations <
30 and < 50 nmol/L, respectively [1, 2]) are prevalent amongst the general population in countries of
northern latitudes [3], as well as being a more worldwide concern [4]. Notably, many immigrants (first
generation immigrants and descendants) living in Denmark, and other Nordic countries, are at a higher risk
of vitamin D deficiency compared to the native residents [3, 5-8]. Low vitamin D status has been linked with

risk of various chronic diseases, and in particular, with adverse bone health outcomes [1, 2, 9-11].

Denmark, located at 55° North, experiences a five-month long ‘vitamin D winter’, during which there is
increased emphasis on dietary supply of vitamin D [12]. However, food sources of vitamin D are sparse
(fish, meat, eggs, cheese) and their consumption patterns irregular [13]. Data from the most recent Danish
National Survey of Dietary Habits and Physical Activity (DANSDA 2011-13) shows that median intakes of
vitamin D are 3-4 pg/day (without supplement contribution) [13], considerably lower than the Average
Requirement of 7.5 pg/day for the Nordic region [10]. In Denmark, while vitamin D supplement use is only
recommended for populations at risk of deficiency; infants, pregnant women, elderly and individuals with
dark skin [14], the proportion in the general population taking a vitamin D supplement is relatively high, e.g.,
50-60% of the adult females [15, 16]. However, while vitamin D supplementation is an effective approach
for increasing vitamin D status in those individuals who consume them regularly, it has limitations as a
strategy at a population level due to a high proportion of non-users as well as concerns about potential risk of

excessive intake amongst high users [17].

Food-based strategies aiming at improving vitamin D intake and status across the population, such as vitamin
D food fortification, have been highlighted as being of high potential as a public health measure in Europe
[17-19]. Finland have been fortifying all fluid dairy products and margarine for more than10 years and
consequently experienced increases of the Finnish population vitamin D status [20]. In countries such as
USA, Canada, food fortification with vitamin D have already been introduced using several different

fortification vehicles such as milk, orange juice and margarine [21]. In India solutions such as fortification of
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commonly consumed stable foods are currently being investigated [22]. Furthermore, while many of the
environmental factors that contribute to the elevated risk of vitamin D deficiency in populations, such as
latitude, skin color, and cultural clothing practices are not modifiable, in contrast, dietary supply of vitamin
D is an important modifiable factor, again emphasizing the need for food-based strategies to offset low

intakes [23].

Vitamin D fortification of food has not yet been widely implemented and accepted in Denmark, despite
voluntary fortification of certain foods being permissible for over a decade [19, 24]. Low-dose fortification
of several foods rather than higher dose fortification in few foods has been proposed as an effective and safe
strategy on the population level [18, 25]. Yet, randomized controlled trial (RCT) data on the effectiveness
and safety of this approach, especially in at-risk population subgroups, is lacking despite the importance of
such data in informing food fortification policy. Thus, we aimed to investigate the effect of low-dose,
vitamin Ds fortification of a number of commonly consumed foods (yoghurt, cheese, eggs and crisp bread)
on vitamin D status in a population of adult women of Danish and Pakistani origin at increased risk of

vitamin D deficiency, using a 12-week, winter-based RCT.
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SUBJECTS AND METHODS

Study design

The ODIN-FOOD study was part of the European Commission-funded large scale collaborative ODIN
(Food-based solutions for optimal vitamin D nutrition and health through the life cycle) Project. The ODIN-
FOOD study was a three-month randomized double-blinded, placebo-controlled, intervention trial carried
out during the winter months (January-March) of 2016, and enrolled a total of 143 women of Danish and
Pakistani origin, aged between 18 and 50 years. Immigrant women in Denmark are considered an at risk
group for vitamin D deficiency [5, 7]. The risk extends to the ethnic Danish female population in a modern
work-life setting with a sedentary lifestyle, low UVB exposure and a low habitual vitamin D intake,
particularly if they avoid or limit fish intake [13, 26]. The trial was performed during the winter months to
minimize interference from UVB-induced cutaneous synthesis of vitamin Ds. Participants were randomized
into four groups, stratified for ethnicity (two groups with women of Danish origin and two groups with
women of Pakistani origin). The randomization sequence was generated by a researcher not involved in the
project using block randomization with a block size of four within each ethnic group (Fig. 1). The subjects
were given four different fortified foods aiming to contribute an additional 20 pg/day of vitamin D3 or
equivalent non-fortified foods (placebo). Participants were seen before the start of intervention and at the end
of 3-month intervention, and at both visits non-fasting blood were drawn, anthropometrics, dietary vitamin D
intake and muscle strength was measured. The main endpoint was the change in serum 25(OH)D

concentration. Secondary endpoints included anthropometric measures and dietary intake of vitamin D.

The intervention was double-blinded, and the study foods were color and letter coded. The blinding was
managed by a researcher not involved in the project. Both the participants and the researchers working
within the project, during the intervention and subsequent analyses, were all blinded until the statistical

analyses were completed.
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Sample size of 143 women of two ethnicities was based on 90% power (alpha = 5%) to detect a change in
serum 25(OH)D concentration of 20 nmol/L in the treatment groups with a standard deviation (SD) of 23

nmol/L, and included a drop-out rate of 20 %.

Subjects

We recruited women of Pakistani origin (first generation immigrants or descendants) and women of Danish
origin from the Copenhagen area, city and suburbs (Denmark, 55°N). The recruitment was done by e-mail,
advertising, networking and interactions with local community groups, media, and social and cultural
initiatives in the Copenhagen area, as well as visiting local shops, libraries, mosques and women’s societies.
Eligible women were invited to information meetings in which the study procedures were explained by a
researcher from the project group. Written informed consent was obtained from all participants on
enrolment. Inclusion criteria were a low consumption of fish and fish products (less than weekly), a low
frequency of use of vitamin D-containing supplements (less than weekly), no use of tanning facilities, no
planned sun-holiday (to a location more southerly than 47°N) between October 2015 and May 2016. There
was no upper limit on the vitamin D dose of the supplements as long as participants discontinued them
during the study period. Exclusion criteria were pregnancy and breastfeeding, menopause, non-Danish
speakers, serious diseases (cancer, server liver or kidney insufficiencies, sarcoidosis and other granulomatous
diseases) and medicines affecting vitamin D metabolism (steroids, antiepileptic, thyroid hormones,

bisphosphonates, estrogen).

Fortification vehicles

The intervention foods of choice were low-fat Milner cheese (gouda) and yoghurt (plain) produced and
provided free of cost by FrieslandCampina in the Netherlands, eggs (Livskraft) produced and provided free
of cost by Hedegaard in Denmark, and whole grain crisp bread produced by Smgrum Konditori
(confectionary) using ingredients provided free of cost by Lantménnen Cerealia, Denmark, the vitamin D3
for the crisp bread was supplied by DSM nutritional products, Switzerland. The study foods were chosen

because they are commonly consumed by both ethnic groups. Dietary calculations and pilot taste tests were
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carried out to ensure the acceptance of the products. The taste tests were performed among 12 women of
Danish and Pakistani origin. The majority of the foods were low in fat and they are considered suitable

substitutions for the participants’ habitual intake of these food products (Table 1). The participants were
given either placebo foods or vitamin D-fortified foods (aimed at providing approximately 20 pg/day of

additional vitamin Ds) [19] at no cost for the participants.

A daily dose of 20 ug, together with the contribution from habitual intake (~3-4 pg/d [6]), would be expected
to maintain winter serum 25(OH)D concentration above of 30 nmol/L in the vast majority of individuals [27]
and it allows for a large margin of safety in relation to the Tolerable Upper Intake Level (UL) of 100 pg/day

[19, 28]. The fortified and non-fortified foods have the same fat content and comparable content of nutrients,
except for the vitamin D concentration (Table 1). The packaging of the food products was identical, except

for color and letter coding added to distinguish the fortified from the placebo foods.

Laboratory analysis of food samples

The vitamin D3s/D; and 25-hydroxyvitamin Ds/D- content of food were analyzed at the National Food
Institute at the Technical University of Denmark using modifications of a sensitive liquid chromatography-
tandem mass spectrometry (LC-MS/MS), as described elsewhere [29]. The analysis was performed in a
laboratory accredited according to 1ISO17025, and has a limit of quantification at 0.01 pg/100 g, and a
precision < 10% (CV). For crisp bread and eggs, eight and six batches, respectively, were produced and all
were analyzed. Only one batch was produced for yoghurt and cheese and for this the stability was controlled.
Analysis confirmed there was no decrease of vitamin D during the 12 weeks of intervention. Total vitamin D
activity of each food was calculated as the vitamin D3 content of the food plus the 25-hydroxyvitamin D3
content x 2.5. The conversion factor of 2.5 was used as a conservative estimate based on factor of 5 as

currently used [30] and a factor of 1.5 recently obtained in an intervention study in Denmark [31].

Intervention

After the baseline visit, participants were each given food for two weeks (1 egg per day, 150 g (1 small pot)

yoghurt, 60 g (2 slices) of low fat Gouda cheese and 1 crisp bread per day). The participants were allowed to
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freely plan how they distributed the provided foods over a week as long as they consumed the designated 7
eggs, 7 portions of yoghurt, 7 x 60 g cheese and 7 crisp breads per week. To maintain body weight,
participants were advised to substitute some of their regularly consumed foods with the study foods. Fresh
foods were distributed every two weeks. Adherence/compliance was monitored on a weekly basis by a user-
friendly printed questionnaire in which the participant would mark each food item on a picture once
consumed. Adherence was estimated individually by dividing the individual amount of food received by self-
reported adherence, expressed as a percentage. Due to packaging, an individual would sometimes receive
more than they needed for that period, and were asked not to consume the surplus after fulfilling their weekly
amount, however, if they did consume the extra foods, this was accounted for. Thus, individual adherence

could in some cases be > 100 %.

Measurements

Participants were examined twice at the National Food Institute at the Technical University of Denmark,
including a baseline visit in January and an endpoint visit in April 2016. At each visit, a 40 mL non-fasting

blood sample was obtained from each participant by an experienced phlebotomist or nurse.

Anthropometric measures were completed with participants wearing thin/light clothing, no shoes and after
emptying their bladder. The measures were height (wall mounted stadiometer, seca, Hamburg, Germany) and
weight, waist-hip circumference (standard tape measure) and body composition (Tanita BC 418 MA, Tokyo,

Japan).

At baseline, participants completed two questionnaires, a general background questionnaire, assessing the
health, lifestyle and sun habits, and other factors affecting the vitamin D status and a semi-quantitative Food
Frequency Questionnaire (FFQ) estimating the average intake of vitamin D and calcium. The FFQ was a
retrospective questionnaire asking about the participants’ habitual dietary intake of vitamin D-rich foods over
the 3 preceding months. The FFQ used in the ODIN-FOOD study was developed from existing

questionnaires used in previous RCT’s (OPTIFORD and VitmaD) at the National Food Institute [5, 24].
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All questionnaires were self-administered, however to ensure that all participants completed the
questionnaire and to avoid misunderstandings, cultural as well as language-related, we set up a questionnaire
room, where all participants were introduced to the questionnaires and offered help when needed. The
guestionnaires contained ethnic-specific questions regarding foods that contribute vitamin D and calcium.
All FFQ’s were administered during the participant’s first visit in January 2016. The questionnaire contained
the 8 food groups (Fish, meat, milk and milk products, egg, cheese, bread, fats and pulses) contributing to the
majority of dietary vitamin D (98 %) and calcium (71 %) [13]. Further questions were asked to estimate
intake of vitamin D-containing supplements prior to the study start. The questionnaire took between 30 and

50 minutes to complete and all participants completed the questionnaire.

Estimates of vitamin D intake were made from the data obtained from the FFQ matched to specific foods and
recipes made from the Danish food composition database (version 7) using the individually reported portion
sizes [32]. The total vitamin D intake for each participant prior to the study start was estimated as the sum of

dietary vitamin D and contribution from personal supplements, if consumed.

Laboratory analysis of blood samples

Serum concentrations of total 25(OH)D (i.e., 25(OH)D; plus 25(0OH)Ds) of all serum samples (baseline and
endpoint visits) were measured at the Cork Centre for Vitamin D and Nutrition Research, University College
Cork (UCC), using the ODIN core LC-MS/MS analytical platform for serum 25(OH)D, described in detail
elsewhere [33]. The intra-assay CV of the method was < 5 % for all 25(OH)D metabolites, whilst the inter-
assay CV was < 6 %. The LC-MS/MS method at UCC is certified by the Center for Disease Control and

Prevention’s Vitamin D Standardization Certification Program.

The biochemical analyses of serum calcium and PTH were performed at the University Hospital Aarhus.
Total serum calcium had an analysis precision of + 0.032 mmol/L (standard deviation [SD]) at a
concentration of 2.161 mmol/L and + 0.047 mmol/L (SD) at a concentration of 3.134 mmol/l. Serum PTH
had a precision of + 0.2 pmol/L (SD) at a concentration of 2 pmol/L and = 1.0 pmol/L (SD) at a

concentration of 10 pmol/l.

10



181

182

183

184

185

186

187

188

189

190

191

192

193

194

195

196

197

198

199

200

201

202

Statistical analysis

Results are shown as means and SDs unless otherwise specified. Descriptive statistics were generated for the
two ethnic groups at baseline, and the groups were compared using a two-sample t test when the data could
be assumed to be normal; otherwise using a non-parametric Kruskal Wallis test. Categorical variables were

compared using a Pearson’s chi-square test.

Comparison of the daily vitamin D intake, serum 25(OH)D and serum PTH at baseline and endpoint across
the intervention groups were done by simple one way ANOVA and if significant differences were observed a
Tukey HSD test were performed in order to assess differences between groups. Analysis of covariance
(ANCOVA) was used to analyze the effect of the intervention on the outcome variable change in vitamin D
status (endpoint - baseline 25(OH)D). Two models were run — a minimal adequate model (Model 1) and a
maximal model (Model 2), which controlled for specific covariates that may influence the outcome. Model 1
included baseline 25(OH)D as a covariate and the factors intervention group, ethnicity and their interaction
allowing the effect of intervention to differ between the two groups of women. The interaction was tested for
statistical significance to see whether the model could be simplified. In Model 2, the covariates Age and BMI
at baseline were added to Model 1 construct as they are likely to have a strong association with the outcome
(serum 25(OH)D) [34]. The variables were chosen based on factors known to affect the change in vitamin D
status following fortification and variables associated with missing outcomes as well as the variables that

were significantly different between the two ethnic groups at baseline.

To check the model assumptions the standardized residuals of the final models were assessed for normality,

variance homogeneity and linearity.

Statistical analyses were performed using RStudio for Windows [35] (Version 1.1.414 — © 2009-2018

RStudio, Inc.) with a significance level of o = 0.05.
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RESULTS

A total of 143 women of Danish and Pakistani origin were randomly allocated to either vitamin D-fortified
foods or placebo (similar non-fortified foods), forming the four study groups. The completion rate of the
study was 89 % with the number of drop-outs at 16 in total for reasons as described within the Consort flow
diagram in Fig. 1. Drop-outs were equally distributed across the two ethnic groups (P = 0.67). In total, six
participants who finished the intervention were excluded from the analyses due to unplanned travels to
countries more southerly than 47° N during the study period and one was excluded as an outlier due to a
baseline serum 25(OH)D concentration > 125 nmol/L, which the Institute of Medicine (IOM) suggest is

potentially of concern, if sustained [1].

Adherence to consumption of the study foods was 92 % among participants of Danish origin and 73 %
among participants of Pakistani origin (P < 0.05). The study foods and the habitual dietary intake contributed
to a median (25", 75" percentiles) daily intake of vitamin D of 32.0 (27.0, 34.4) pg/day in the participants of
Danish origin randomized to the fortified food study group, and 24.2 (19.2, 30.8) ug/day in the participants
of Pakistani origin randomized to the fortified food study group (Table 3). The chemical analysis of the crisp
bread showed a slightly higher concentration of vitamin D than expected due to a calculation error in the
production of the flour mix, whereas the eggs contained less vitamin D than expected due to lower vitamin D
(D3 and 25(0OH)Ds) doses in the chicken feed than expected, and this led to a slightly higher total daily

contribution of vitamin D from fortified foods (Table 1). The margin of safety was still sufficient (UL:100

Hg/day) [19].

Baseline characteristics of the participants

There were no differences in baseline characteristics between the groups receiving vitamin D-fortified foods
or placebo foods within either ethnicity (data not shown); however, there were significant differences in
some baseline anthropometric characteristics between the two ethnic groups (Table 2). Women of Pakistani
origin had a significantly higher mean BMI and fat percentage compared to the women of Danish origin (P =

0.004 and P < 0.001, respectively). The intake of supplements containing only vitamin D was significantly

12
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higher among the women of Pakistani origin compared to the women of Danish origin (P = 0.001). More
than 60 % of the women of Pakistani origin reported taking a supplement with vitamin D before study start.
The proportion of the participants using multivitamins was statistically similar in the two ethnic groups (P >
0.30) (Table 2). No significant differences (P > 0.05) were found in mean age between the two ethnic groups
(Table 2). The intake of vitamin D from dietary sources were significantly higher among the women of

Danish origin (P <0.05), however both groups had very low intake.

Mean (x SD) serum 25(OH)Ds concentration at baseline was similar in women of Danish and Pakistani
origin (49.6 + 18 v. 46.9 + 22 nmol/L, respectively; P = 0.80), shown in Table 2. At baseline, none of the
participants, irrespective of ethnicity, had serum 25(OH)D < 10 nmol/L. The prevalence of 25(OH)D < 30
nmol/L and < 50 nmol/L was 9 and 50 % of the women of Danish origin and 24 and 32 % of the women of

Pakistani origin, respectively.

While serum 25(OH)D; was significantly higher in the women of Danish origin compared to women of
Pakistani origin (median [IQR] 2.0 [1.3-2.4] v. 1.0 [0.7-1.5] nmol/L; P = 0.0001), overall serum 25(OH)D,

only represented 4%, on average, of serum total 25(OH)D in the entire group of women at baseline.

Baseline serum PTH was significantly higher among the women of Danish origin than of Pakistani origin (P
< 0.02), but all group values were within the reference range for normal PTH (Table 2). While serum PTH

was positively associated with serum 25(OH)D at baseline among the women of Pakistani origin (P = 0.02),
there was no significant (P > 0.90) association between these two variables in women of Danish origin (data

not shown).

Effect of intervention

The following analyses included 136 individuals following a complete case intention-to-treat approach. We
saw no significant differences in drop-outs between study groups (P = 0.8). There were no significant
changes in body weight (between baseline and endpoint) in either ethnic group (P = 0.70 and P = 0.66 for

Danish and Pakistani women, respectively) (data not shown).
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The total vitamin D intake from the fortified foods during the intervention was higher among the Danish
women, compared to the women of Pakistani origin (P = 0.004), reflecting the lower adherence of the
women of Pakistani origin. The mean (SD) endpoint serum 25(OH)D concentration among the women of
Danish origin in the fortified food group was 77.8 (15) nmol/L, whereas among the women of Pakistani
origin in the fortified food group, it was significantly (P < 0.01) lower at 54.7 (18) nmol/L (Table 3). The
mean increase in serum 25(OH)D concentration from baseline to endpoint among the fortified food group
was higher (P < 0.01) in the women of Danish origin (A 26.4 (16) nmol/L) compared to that in the women of
Pakistani origin (A 10.5 (18) nmol/L). Serum 25(OH)D decreased by 2.8 (9) nmol/L in the Danish placebo
group and by 11.2 (12) nmol/L in the Pakistani placebo group over the 12 weeks of winter (P = 0.02). While
endpoint serum 25(OH)Ds concentration was unaltered (P = 0.09) or significantly decreased (P < 0.0001) in
women of Danish and Pakistani origin in their respective placebo groups (mean (x SD) change from pre- to
post-intervention: -2.8 £ 9.0 and -11.4 + 12.5 nmol/L, respectively), it significantly increased in both Danish
and Pakistani women in the fortification groups (+ 26.9 = 16.1 nmol/L, P < 0.0001 and +10.2 £ 18.0 nmol/L,
P =0.004, respectively). Compared to pre-intervention, mean endpoint serum 25(OH)D; was unaltered in
women of either Danish or Pakistani origin, irrespective of placebo or fortification groups (P > 0.11 in all

cases; data not shown).

Following the intervention, none of the women of Danish origin in the fortified group had a serum 25(0OH)D
concentration < 50 nmol/L. Among the women of Pakistani origin, 3 and 41 % of the fortified food group
had an endpoint serum 25(OH)D concentration < 30 and < 50 nmol/L, respectively (Table 3). In contrast,
vitamin D deficiency (serum 25(OHD < 30) was evident in about a quarter of the Danish and a third of the
Pakistani women in the placebo groups at endpoint. Likewise, vitamin D insufficiency (serum 25(OHD < 50)
was evident in about two-thirds and three-quarters of the Danish and Pakistani women in the placebo groups,

respectively, at endpoint (Table 4).

There was no significant increase in PTH concentration of the placebo groups (Danish and Pakistani)

following the intervention (0.21 and P = 0.85, respectively, t test). Likewise, there was no significant
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decrease in PTH concentration of the fortified food groups (Danish and Pakistani) following the intervention

(P =0.40 and 0.58, respectively, t test).

Analysis of covariance including factors influencing the change in serum 25(OH)D following the
intervention

Based on the output of Model 1, compared to that of an equivalent woman in the non-fortified group, 12
weeks of intervention with vitamin D fortified foods (together with habitual diet, collectively supplying a
total of 30 g vitamin D/day), resulted in an improvement of endpoint serum 25(OH)D of 31.1 nmol/L (25.0;
37.2) and 20.3 nmol/L (14.3; 26.3) in the women of Danish and Pakistani origin, respectively (Table 5). The

intervention effect is significantly higher in the Danish group compared to the Pakistani group (P = 0.008).

In terms of other factors which affected the response of serum 25(OH)D to intervention, the ANCOVA
models showed that baseline 25(OH)D status and BMI had a negative effect on the change in serum
25(0H)D following the intervention, however the effect of BMI was very small (Model 2). Model 2 was also
run where body weight was substituted for BMI but this did not affect the findings majorly (e.g., for body
weight at baseline, Effect = -0.18, P value = 0.04) (data not shown). According to the model, participants
with e.g. a higher baseline serum 25(OH)D had an expected lower increase in serum 25(OH)D following the

intervention (Table 5).
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DISCUSSION

The present study demonstrated that fortification of four different foods for 12 weeks during winter (January
through to March) was effective in increasing serum 25(OH)D among Danish and Pakistani women and
reduced the prevalence of low and very low vitamin D status during the winter months. The Danish fortified
group increased significantly more than the fortified Pakistani group. To our knowledge few previous studies
have assessed the effects of vitamin D food fortification with two different ethnic groups [36] and none in
Denmark, the results of our study may be of importance for the planning of fortification policies in countries

with multi-ethnic populations and no vitamin D fortification program.

The increase in serum 25(0OH)D of the fortified participants was mainly dependent on baseline serum
25(0H)D and ethnicity in accordance with the linear models. However, we saw significant difference in the
intake of vitamin D from the fortified foods provided in the study due to a lower adherence in the women of
Pakistani origin compared to women of Danish origin. Generally, the results show a successful preventative
effect of an intervention with vitamin D-fortified foods in a country without mandatory fortification in a
population of women at risk of deficiency, as well as an important effect in terms of maintaining serum
25(0OH)D > 50 nmol/L (reflective of sufficiency) in all participants of Danish origin and in 60 % of the
participants of Pakistani origin.

These results are in line with the findings of an 11-year Finnish follow-up study which showed a positive
effect of an implementation of a national voluntary vitamin D fortification policy. The study revealed an
average increase in vitamin D status of 20 nmol/L (95% CI: 19, 21) among supplement non-users, although
no records of ethnic background was obtained [20].

Several studies have investigated fortification of a single food, but only few have experience from low dose
fortification of several foods [17, 24]. We decided on a low-dose approach in which the daily dose of vitamin
D was spread out into several (four) foods in order to ensure the effectiveness and safety in a population
approach, based on previous experience [24, 25]. Our study participants were of Danish and Pakistani origin,
therefore we made special considerations when choosing the fortification vehicles since acceptance of the

foods in both groups was of high importance. As an example of our considerations we did not use milk as a
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fortification vehicle despite its use in previous Nordic studies [20, 24, 25], since the prevalence of lactose
intolerance among individuals of Pakistani origin is > 60 % [37]. Instead we chose plain yoghurt. Yoghurt
has lower concentrations of lactose, and more importantly it contains the enzyme 3-galactosidase which, by
intra-intestinal digestion, enables lactose intolerant people to absorb more lactose [38]. Yoghurt is thus better
tolerated by lactose intolerant people, compared to milk. Additionally, it can be used in breakfast, snacks and

sweet or savory cooking.

All the study foods were provided with no cost for the participants in portions that fit into a healthy diet. The
foods were all low in fat and energy. We instructed the participants to substitute their normal diet with food
from the study, so that they would remain approximately isocaloric throughout the study. This was
successful and we saw no changes in the body composition (BMI) of the participants following the

intervention.

The effect of intervention with fortified foods on vitamin D status was significantly different in the two
ethnic groups. This ethnic difference may in part be explained by the differences in adherence with the study
foods as adherence while high (73%) was significantly lower in the Pakistani women. Assessing the
distribution of baseline serum 25(OH)D it was evident that despite a similar mean vitamin D status, the IQR
revealed a much longer tail among the women of Pakistani origin which was evident as per the higher
percentage < 30 nmol/L. In the statistical models ethnicity was significant and there could be some ethnic-
specific differences in the serum 25(OH)D response that stem from genetic variation of vitamin D
modulating genes. Analyses of Single Nucleotide Polymorphism (SNP) data collected in this study, but not

yet studied, may explain parts of the found ethnic specific intervention effect.

We found that the baseline serum 25(OH)D among the women of Pakistani origin was higher than expected
(mean =~ 50 nmol/L), when compared with data from a previous Danish study which included only
participants of Pakistani origin living in Denmark. In that study, conducted in 2002, a low vitamin D status

was reported for both girls and women of Pakistani origin (median serum 25(OH)D was 10.9 and 12.0
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nmol/L, respectively) [5]. It should be noted, however, that the earlier study by Andersen et al. [5] was
performed prior to the initiation of the Vitamin D Standardization Program (VDSP) and this may affect the
comparability of serum 25(0OH)D data. More importantly, several factors may have affected the change in
vitamin D status over the course of the last 15+ years. For example, it may partly be a result of the strong
focus on vitamin D in the general public as well as public health actions initiated by the Danish health
authorities between 2005 and 2010, targeting the general population, ethnic minorities as well as health

professionals [39, 40].

An additional result of the mentioned public health actions may be an increased intake of dietary
supplements containing vitamin D. In our study we saw a relatively high self-reported intake of vitamin D
from supplements, importantly, participants taking supplements prior to the study start were asked to stop
their supplement routine for the duration of the intervention study. The prior intake of vitamin D-containing
supplements was adjusted for by ensuring that baseline serum 25(OH)D concentration was an input in all of
the linear models. We did not intend to perform a screening serum 25(OH)D test prior to study start due to
ethical reasons as well as the time constraint present in this vitamin D RCT’s due to the relatively short study
period of a winter only study.

Strengths and limitations

This study was a real-life based design in which the participants would incorporate the study foods by
substitution of their habitual intake of similar foods. We encouraged the participants to consume the same
amount of the study foods every day to create a habit and incorporate the foods into their normal diet,
however, we allowed for the participants to include foods from several days in one meal, permitting people
to consume e.g. 4 eggs and 60 g cheese in one meal (e.g. omelet). This approach was chosen to mimic a real-
life situation in order for the results to be used in a public health setting as well as to strengthen the study by
increasing adherence and decreasing drop-out rate. The study achieved a good power and a low drop-out rate
for this study population.

In Denmark we have an increasingly multiethnic society. Research studies involving two or more ethnicities

are therefore highly needed in order to give suitable health advice and ensure equality in health of all citizens

18



372

373

374

375

376

377

378

379

380

381

382

383

384

385

386

387

388

389

390

391

392

393

394

395

in Denmark. The trial was carried out in winter time when there is no cutaneous production of vitamin D,
this lowers the risk of vitamin D contribution from UV sources which would confound the intake-status
relationship.

The intake of dietary vitamin D was very low, compared to the Danish National Survey of Dietary Habits
and Physical Activity (DANSDA 2011-13) [13], however, the participants were recruited based on their low
intake of fish, so this was not surprising. The dietary calcium intake recorded in the FFQ was also low,
especially considering the habitual dietary intake of calcium in Denmark which is on average approximately
1000 mg/day, among women [13]. The calcium intake data suggest that the study participants are in the
lower 25th percentile of the distribution intake range of age matched women in the general Danish
population [13]. One methodological explanation may be that the questionnaire, which was focused on
dietary vitamin D, was not designed to capture more than about 70 % of dietary calcium.

The chemical analysis of the crisp bread showed a slightly higher concentration than expected due to a
calculation error in the production of the flour mix, whereas the eggs contained less vitamin D than expected
due to lower vitamin D (D3 and 25(OH)Ds) doses in the chicken feed than expected, and this affected the
total daily dose from fortified foods of approximately 30 pg/day (Table 1).

Perspectives

Results of the present study may be applicable for designing fortification policies prior to implementing them
in modern multiethnic population groups in Denmark. Though the road to implementation of a national
fortification program may be country specific, the overall goal is the same, improving vitamin D status of the
population, with a minimal risk of toxicity [41]. Data from countries such as Finland, having already
implemented widespread systematic vitamin D fortification, show that fortification is effective in terms of
increasing vitamin D status on a population level [41]. Future studies may go further into the topic of vitamin
D fortification at Northern latitude and effects of genetic variation in different ethnic populations complying

with the VDSP when analyzing the serum 25(OH)D concentration.
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CONCLUSION

Vitamin D fortification of 30 pg/day, provided in four different foods, for 12 weeks during winter was

effective in increasing vitamin D status and preventing vitamin D deficiency in women of Danish and

Pakistani origin living in Denmark. Women of Pakistani origin had a lower response to the intervention that

did women of Danish origin. Adherence was lower among the women of Pakistani origin compared to the

women of Danish origin.
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522 Fig. 1

523 Consort flow diagram of the number of participants enrolled, randomized, completed and analyzed in
524 the ODIN-FOOD study. Consort, Consolidated standards of Reporting Trials. DK: Women of Danish
525 origin, Pa: Women of Pakistani origin
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Table 1

Nutritional composition, portion size, energy and mean total vitamin D contribution from the
fortified and placebo foods

Daily
Food r':/tlftl:ire%ts portion Contribution from fortified  Contribution from placebo
product . Kcal/100g?  size Kcal/day product (ug/day) to: product (pg/day) to:
(9/2009)
(g9/day)
Vitamin D;#  25(0H)D3*  Vitamin Ds®  25(0OH)Ds*
Yoghurt 70 150 105 2.00 (0.03)° <0.025 <0.01 <0.025
Fat 3.5
CHO 6.6
Protein 2.9
Cheese 272 60 163 8.30 (0.27) 0.07 (0.01)  0.03 (0.01) 0.07 (0.01)
Fat 19
CHO -
Protein 30
Eggs 141 54 76 0.18 (0.17) 0.68 (0.43) 0.81 (0.06) 0.54 (0.04)
Fat 9.9
CHO 0.8
Protein 12.6
Crisp
460 8.9 40 18.5 (2.6) <0.025 <0.025 <0.025
bread
Fat 20
CHO 58
Protein 10
Total 943 - 384 29.0 (2.6) =0.7 ~0.8 ~0.6

'Macro nutrient composition for the specific products given by the suppliers.
2Fortified and placebo foods had similar energy content, only shown once.
3Analysed vitamin D3 concentrations of fortified and placebo foods. Contents of vitamin D, in cheese and eggs
in fortified and placebo products would additional account for <0.03 pg/day.
“Analysed 25(OH)D concentration, all 25(0OH)D; values are multiplied with a factor 2.5. Contents of 25-
hydroxyvitamin D2 in cheese in fortified and placebo products would additional account for <0.04 ug/day.

SMean (SD) for all such values.
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Table 2

Baseline characteristics of participants by study group and ethnicity*

Danish Pakistani

Total (n=66)  Placebo (n=35) Fortified (n=31) Total (n=70) Placebo (n=37)  Fortified (n=33)
Born in Denmark (%) 99 100 99 62 70 54
Mean Age (Y) 33 (11) 34 (11) 32 (11) 36 (9) 36 (9) 36 (10)
Mean weight in kg (SD) 68 (13) 70 (15) 67 (11) 70 (12) 68 (13) 70 (12)
Mean BMI (kg/m?) 24 (5) 25 (5) 24 (4) 27 (5)* 27 (5) 27 (5)
Mean fat percentage 31 (8) 33(8) 30 (7) 37 (6)* 37 (6) 38 (6)
(%)
Mean serum 25(OH)D 49.6 (18) 46.2 (19) 53.3(17) 46.9 (22) 49.0 (23) 44.5 (21)
(nmol/L)
< 9.9 nmol/L, n (%) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
> 10 - < 29.9 nmol/L, n 6 (9) 5 (14) 1(3) 17 (24) 8 (22) 9 (27)
(%)
> 30 - < 49.9 nmol/L, n 33 (50) 20 (57) 13 (42) 22 (32) 11 (30) 11 (33)
(%)
> 50 nmol/L, n (%) 27 (41) 10 (29) 17 (55) 31 (44) 18 (48) 13 (40)
Mean PTH (pmol/L) 5.0(1.7) 5.3(1.9) 4.9 (1.6) 4.4 (1.8)* 4.2 (1.8) 4.5 (1.8)
Median vitamin D 15(1.0;2.0) 1.5(1.0; 2.0) 1.7 (1.0; 2.1) 1.1(1.0; 2.0)* 1.1(0.8;1.4) 1.0(0.7; 1.7)
intake from the diet
(Hg/day)
Total median vitamin D 2.9(1.8;9.0) 7.9 (4.3; 16.0) 2.0(1.0;3.7) 13(6.8;29.3)*  13(7.9; 29.3) 13 (5.5; 22.2)
intake from vitamin D
suppl. and multivitamin
suppl. (ng/day)
Median dietary calcium 465 (324; 487 (309; 685) 442 (331; 692) 441 (260; 589) 422 (262; 547) 465 (259; 634)
intake (mg/day) 688)
Vitamin D supplements 15 17 13 61" 65 58
(%)
Multivitamin 24 17 32 30 32 27

supplements (%)



Smokers (%) 14 14 13 4
Alcohol drinkers (%) 86 89 84 1.47
Wearing hijab (%) 0 0 0 441

43
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IMeans and SD unless otherwise specified. If non-normally distributed, medians and 25%
and 75™ percentiles. No variables were transformed for analysis.

*Means significantly different from women of Danish origin; Unpaired t test, P <0.05
YPercentage significantly different from women of Danish origin; Pearson’s chi? test, P <0.05
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Table 3
Total vitamin D intake, and serum 25(0OH)D and PTH concentration at baseline and endpoint in each of the four study groups:

Danish Pakistani
Placebo (n = 35) Fortified (n = 31) Placebo (n =37) Fortified (n = 33) pS

Total vitamin D
Intake?, pug/d 1.5(1.0, 2.0)% 32.0(27.0, 34.4)° 1.1(0.8,1.4)* 24.2 (19.2, 30.8)° <0.0001
Serum 25(OH)D, nmol/L:

Baseline 46.2 (19)* 53.3 (17) 49.0 (23) 44.5 (21) 0.31

Endpoint 44.0 (17)2 77.8 (14)° 36.5 (16)? 54.7 (18)° <0.0001

Change -2.8 (9)° 26.4 (16)° -11.2 (12)? 10.5 (18)° <0.0001
Serum PTH, pmol/L.:

Baseline 5.3(1.9) 4.9 (1.6) 4.2 (1.8) 4.5 (1.8) 0.07

Endpoint 47 (1.4) 4.4 (1.8) 4.3 (1.8) 4.3 (1.5) 0.97

Change -0.54 (9.0) -0.42 (16) -0.002 (12) -0.27 (18) 0.60

125(0OH)D = 25-hydroxyvitamin D; PTH, parathyroid hormone.

2Total vitamin D intake during study; placebo groups had only dietary intake, fortified groups had diet plus study fortified foods.

SMedian (25", 75™ percentiles).

4Means (SD), all such values.

5P values for baseline comparisons by intervention group were determined with the use of a simple one-way ANOVA, followed by a Tukey HSD
test.

abeDifferent superscript letters represent significant (P<0.01) differences in group means for endpoint total vitamin D intake, serum 25(OH)D
and change in serum 25(0OH)D.
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Table 4

Number and percentage of women with serum 25(0OH)D below 30 and 50 at baseline and endpoint in each
of the four study groups

Danish Pakistani
Placebo Fortified Placebo Fortified
Serum 25(OH)D < 30
nmol/L: (OF) n (%) n (%)
Baseline 5(14) 13 8 (22) 9 (27)
Endpoint 7 (23) 0 (0) 11(34) 1(3)
Serum 25(OH)D < 50
nmol/L:
Baseline 25 (71) 14 (45) 19 (51) 20 (60)

Endpoint 20 (65) 0 (0) 25 (78) 11 (41)




Table 5

Analysis of covariance models exploring the intervention effects on serum 25(OH)D response

Model 11 (minimal)

Model 22 (maximal)

Coefficients Effect
Intercept? 16.5
Baseline 25(OH)D -0.41
Ethnicity:

Danish -
Pakistani -8.41
Danish*Fortified 311
Pakistani*Fortified 20.3
BMI at baseline

Age

95 % CI

(9.76: 23.2)
(-0.52; -0.30)

(-13.9; -2.14)
(25.0; 37.2)
(14.3; 26.3)

P

<0.0001 (***)
<0.0001 (***)

0.008 (**)
<0.0001 (***)
<0.0001 (***)

Effect

33.8
-0.42

-6.12
33.8
27.7
-0.64
-0.05

95 % ClI

(19.6; 48.1)
(-0.53; -0.30)

(-12.14: -0.07)
(19.6; 48.1)
(12.2; 43.3)

(-1.16; -0.12)
(0.006; 0.20)

P

<0.0001 (***)
<0.0001 (***)

0.05 (*)
<0.0001 (***)
<0.0001 (***)

0.02 (*)

0.69

!Model 1 (minimal): change in vitamin D status ~ Baseline status + intervention group + (ethnicity*intervention group),

adjusted R?= 65%.

2Model 2 (maximal): change in vitamin D status ~ Baseline status + intervention group + (ethnicity*intervention group) +

BMI + Age, adjusted R>= 67%.

3The reference group is included in the intercept: Danish ethnicity and placebo study group.
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