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Highlights 

 The National Adult Nutrition Survey food composition database was updated to current 

vitamin D food concentrations. 

 Vitamin D intakes and patterns of intake of older adults in Ireland were estimated. 

 Fortifying milk or bread would increase the proportion of older adults meeting Vitamin D 

recommendations to ~30% when milk is fortified and ~55% when bread is fortified. 

 Fortifying milk and bread simultaneously would result in ~70% of older adults meeting 

recommendations. 

 Fortifying foods with vitamin D is safe and would improve the vitamin D intakes of older 

adults. 
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Abstract 

Objective: The aim of this study is to determine the best foods for potential Vitamin D food 

fortification and to model the efficacy and safety of different food fortification scenarios in 

adults aged 50+ years in Ireland. 

Research Methods & Procedures: National Adult Nutrition Survey Vitamin D data for 

participants aged 50+ years was updated. Vitamin D from foods with natural and added 

Vitamin D was estimated and daily Vitamin D intake patterns were examined. Data 

modelling was used to estimate the impact of target food fortification scenarios. 

Results: Almost two thirds of the mean daily Vitamin D intake of adults aged 50+ years 

(7±7µg) comes from foods with added Vitamin D. Milks and breads are the most frequently 

consumed foods across all meals and were subsequently targeted for the data modelling 

exercise. Results from the data modelling show that Vitamin D intakes increased between 9-

17µg daily, depending on the fortification scenario. Fortifying milk or bread resulted in ~30% 

or ~55% of individuals meeting the RDA; however fortifying both simultaneously resulted in 

~70% meeting the RDA.  

Conclusion(s): Currently the majority of older Irish adults are not meeting dietary 

recommendations for Vitamin D. Fortification of commonly consumed foods such as milk 

and bread could improve daily intakes such that ~70% of the cohort would meet the 

minimum recommendation. Future research should examine the efficacy of different food 

fortification scenarios to improve Vitamin D intakes for older Irish adults. 
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Abbreviations 

25(OH)D = 25-hydroxy-Vitamin D 

IOM= Institute of Medicine 

UVB= ultraviolet B 

TUL= Tolerable upper level 

NANS= National Adult Nutrition Survey 

IUNA= Irish Universities Nutrition Alliance 

CoFID= The Composition of Foods Integrated Dataset 

MDI= Mean daily intake 

EFSA= European food safety authority 

RDA= Recommended daily intake 

BMI= body mass index 

 

Introduction 

Vitamin D is a fat soluble nutrient essential for calcium homeostasis (1). Vitamin D status is 

measured by the metabolite 25-hydroxy-Vitamin D (25(OH)D) and the Institute of Medicine 

(IOM) define 25(OH)D concentrations of <50nmol/L as insufficient and <37.5nmol/L as 

deficient (2). Vitamin D can be synthesised in the skin on exposure to sunlight; however, 

synthesis is limited at northerly latitudes due to low ultraviolet B (UVB) exposure. For this 

reason, a large proportion of people in northern European countries, including Ireland, have 

insufficient circulating 25(OH)D (3-6). Vitamin D can also be consumed in foods, and 

dietary sources are critical in certain populations where skin synthesis does not meet 

physiological needs (4-6). However, dietary Vitamin D is also a concern as there are only a 

few foods that contain natural Vitamin D such as oily fish, egg yolk and meat. Other foods 

like milk and breakfast cereals that contain little or no natural Vitamin D can be fortified to 

improve intakes. Evidence from research suggests that fortified foods are important dietary 

sources of Vitamin D and therefore contribute to improved Vitamin D-related health 

outcomes (7).   

                  



Data modelling studies determine the most suitable foods for fortification and the impact of 

these fortified foods on Vitamin D intakes (8-11). One of the best examples of an effective 

data modelling study is described by Hirvonen and colleagues who reported a potential 

increase in Vitamin D intakes (17.4µg/day) when modelling Finnish food intake data (12). 

This research was used as the foundation to change policy in Finland to increase the 

recommended Vitamin D fortification amount to 1µg Vitamin D3/100 mL of liquid dairy and 

20µg Vitamin D3/100g of fat spreads (13). A similar study in Denmark reported an increase 

in Vitamin D intakes of ~20.0µg/day when fortified foods were added to the foods adults 

usually eat (14). However, no data modelling studies have specifically targeted older adults. 

Fortifying commonly consumed foods may be a suitable strategy for improving Vitamin D 

intakes for older adults as it requires little change to the foods that older adults usually eat 

and is cost effective for preventing deficiency (15). Introducing natural sources of Vitamin D, 

like oily fish, to non-consumers would be challenging given the known barriers to dietary 

change in later life (16). Therefore, this study will estimate intakes and food sources of 

Vitamin D for older adults in Ireland, having updated food contents to current concentrations. 

After reporting Vitamin D intakes, this study will estimate the potential effect of food 

fortification scenarios to improve Vitamin D intake for this population group. 

 

Materials and Methods 

Study Population 

Participants aged 50+ years (referred to as “older adults” in this manuscript) were selected 

from the National Adult Nutrition Survey (NANS) database. NANS is a cross-sectional 

survey carried out between 2008 and 2010 in the Republic of Ireland (IUNA, 

https://www.iuna.net/). The University College Cork Clinical Research Ethics Committee of 

the Cork Teaching Hospitals and the Human Ethics Research Committee of University 

College Dublin provided ethical approval. All participants provided written consent in 

accordance with the Declaration of Helsinki. Details of the study design, participant 

selection, recruitment and data collection are reported elsewhere (17, 18). Participants were 

representative of the Irish population in terms of age, sex, location and social class. Food and 

drink intake was estimated using a 4-day semi-weighed food diary, which included one 

weekend day. Every food, beverage and supplement consumed was recorded, including brand 

                  



names, recipes, cooking methods and leftovers. Nutrient intakes were estimated using WISP 

version 3.0 (Tinuviel Software, Anglesey, UK).  

Food Composition Database 

A Food Composition Database was developed as part of NANS 2008-2010 (IUNA, 

https://www.iuna.net/). The Vitamin D2 (ergocalciferol) and Vitamin D3 (cholecalciferol) 

content of each food (referred to as “Vitamin D” in this manuscript) was updated per 100g 

based on current food composition data, guided by a protocol (Figure 1). Supermarket 

websites were used to update packaged foods (Tesco Ireland and Supervalu Ireland). 

Supermarket websites contain nutritional information from food packaging. According to EU 

directive 90/496/EEC, food packaging nutritional information is based on manufacturer’s 

analysis or food composition data. If packaging data was not available the Composition of 

Foods Integrated Dataset (CoFID) was used to update the Vitamin D content of the food. 

CoFID was also used where brand names were not provided or if there was insufficient detail 

describing the type of food consumed. For example, when fresh salmon was consumed the 

CoFID code for farmed salmon was used for all entries. The Vitamin D content of each 

eating occasion was then estimated. Foods with added Vitamin D were those with Vitamin D 

in the ingredient list (EU Regulation 1925/2006). When foods with added Vitamin D also 

contained natural Vitamin D, the natural Vitamin D content of the generic food from CoFID 

was subtracted from the total Vitamin D on the packaging to estimate the added content. The 

Vitamin D content of the individual components of recipes were updated and then summed to 

estimate the total Vitamin D content. All calculations for the current analysis were completed 

using IBM SPSS Statistics, Version 24 (Armonk, NY: IBM Corp.). 

                  



 

Figure 1. Flow chart describing the updating process for foods in the NANS food file. 

 

Vitamin D Consumption Patterns 

Mean daily total Vitamin D intake was estimated as well as contribution of foods with natural 

and added Vitamin D. Mean daily intakes (MDI) were compared to Vitamin D 

recommendations worldwide (Irish, UK, EFSA and IOM). The number of participants 

exceeding the Tolerable Upper Limit (TUL) (100µg) and MDI of total, natural and added 

Vitamin D from each food group was estimated. The mean daily frequency for food groups 

was determined by estimating frequency of consumption per person and estimating the mean 

frequency for the population, informing targeted food groups for modelling (i.e. those with a 

high frequency of consumption but low mean daily Vitamin D). MDI of Vitamin D from food 

groups was also estimated for weekdays and weekend days and for different types of meals.  

Data Modelling 

Cow’s milk (referred to as “milk” in this manuscript) and breads were selected for Vitamin 

D3 fortification. Selection was based on food group intake frequencies; 95% of the population 

consume cow’s milk and 99% consume bread. Fortification of milk and bread are also likely 

to result in low implementation barriers as they are already fortified in Ireland at a voluntary 

level (15). Scenarios 1 and 2 for milk and bread ensured safety at population level, and 

scenarios 3-5 are based on current consumptions (Table 1). Milk was fortified with 

1.5µg/100mL, with the exception of “super-milks”, which were fortified at 2.5µg/100mL. 

                  



Supplementation of 10µg was selected as this is the current RDA in Ireland (19). The 

modelling was performed in IBM SPSS Statistics, Version 24 (Armonk, NY: IBM Corp.). 

Current consumptions were updated using the following equation: (food weight (g) /100) 

(Vitamin D content of strategy food/100g). Total Vitamin D intake, the contribution of foods 

with added and natural Vitamin D and the minimum and maximum intake for each scenario 

was estimated.  Percentage meeting the RDA in Ireland (10µg) and IOM RDAs (15µg <70 

years and 20µg >70 years) was estimated to determine intake adequacy. 

 

Table 1. Outline of scenarios for data modelling. 

Milk  

Scenario 1 Remove current intakes and add a single daily portion of fortified milk for 

each individual. 

Scenario 2 Add a single daily portion of fortified milk for each individual. 

Scenario 3 Substitute current intakes with milk at the proposed fortification level 

Scenario 4 Substitute current intakes with milk at the proposed fortification level and 

add a 5µg supplement for non-consumers. 

Scenario 5 Substitute current intakes with milk at the proposed fortification level and 

add a 10µg supplement for non-consumers. 

Bread  

Scenario 1 Remove current intakes and add a single daily portion of fortified bread for 

each individual. 

Scenario 2 Add a single daily portion of fortified bread for each individual. 

Scenario 3 Substitute current intakes with bread at the proposed fortification level 

Scenario 4 Substitute current intakes with bread at the proposed fortification level and 

add a 5µg supplement for non-consumers. 

Scenario 5 Substitute current intakes with bread at the proposed fortification level and 

add a 10µg supplement for non-consumers. 

Supplements  

Scenario 1 Add 5µg supplement for non-consumers. 

Scenario 2 Add 10µg supplement for non-consumers. 

Scenario 3 Add 5µg supplement for each individual. 

Scenario 4 Add 10µg supplement for each individual. 

                  



Milk+Bread Milk scenario 3 and bread scenario 3 combined. 

 

Statistical Analysis 

Statistical analysis was performed in IBM SPSS Statistics, Version 24 (Armonk, NY: IBM 

Corp.). Normality tests were run using Shapiro-Wilks testing (p≤0.05) and histograms 

inspected. Outliers were inspected via boxplots but were not removed. Variables were log-

transformed to normality. Descriptive statistics for population demographics were calculated 

and are presented as mean and standard deviation (SD). P-values for differences in 

demographics between men and women were calculated using independent t-tests for 

continuous data and chi-square tests for categorical data.  One way repeated measures 

Analysis of Variance (ANOVA) and post-hoc pairwise comparisons were performed to 

compare individual differences in MDI across days and meals. MDI were compared between 

male and females using general linear model (GLM) analysis of covariance, adjusting for 

age, gender and body mass index (BMI).  

 

Results 

Study Population 

In total, 557 NANS participants aged 50+ years were included in this study; 49% were males 

and 51% were females (Table 2).  Mean BMI was 29kg/m
2
 (±5kg/m

2
).  

Table 2. Subject characteristics 

 All 

(n=557) 

Mean 

 

 

SD 

Males 

(n=271) 

Mean 

 

 

SD 

Females 

(n=286) 

Mean 

 

 

SD 

p value 

Age (years) 63 9 63 9 63 9 0.23 

Weight (kg) 79 17 87 15 72 15 <0.001 

Height (m) 1.7 0.1 1.7 0.1 1.6 0.1 <0.001 

BMI (kg/m
2
) 29 5 29 5 28 6 0.006 

Body Fat (%) 33 8 28 6 37 7 <0.001 

Fat Mass (kg) 26 10 26 10 27 10 0.01 

 

Smoking status 

n 

 

% 

 

n % n %  

0.55 

Current 66 12 30 11 36 13  

Previous 206 38 106 40 100 36  

Never 272 50 128 49 144 51  

                  



Sun Exposure       0.09 

Rarely 198 37 84 32 114 41  

Sometimes 244 45 128 49 116 42  

Often 101 19 52 20 49 18  

Continuous data presented as mean ± SD. Categorical data presented as n and %. 

Chi-square statistics and t-tests were used to explore differences between males and females. 

P-value <0.05 is considered statistically significant. 

Vitamin D Intakes 

There were no non-consumers of Vitamin D. The MDI of Vitamin D was 7µg (±7µg). Foods 

with natural vitamin D accounted for 3µg (±3µg) and foods with added Vitamin D accounted 

for 4µg (±7µg). Fifty-five percent of foods were foods with natural Vitamin D, 42% were 

foods with added Vitamin D and 3% contained both. There was no difference between the 

MDI of Vitamin D for men and women (p=0.24). Nineteen percent of participants met the 

Irish RDA (10µg), 10% met the EFSA AI and IOM <70 years RDA ad 6% met the IOM 

>70years RDA. No participants exceeded the 100µg TUL. 

Vitamin D Consumption Patterns 

The 5 food groups that contributed most to MDI and mean daily frequency are presented in 

Figure 2. “Nutritional supplements” accounted for the largest MDI of Vitamin D (34%). 

“Fish and fish products”, “Low fat, skimmed and fortified milks”, “Egg and egg dishes” and 

“Low fat spreads”, provided 16%, 8%, 7% and 6% of MDI of Vitamin D (µg). Of the top 5 

foods, “Low fat, skimmed and fortified milks” were consumed most frequently, whereas 

“Fish and fish products” were consumed less frequently; but contributed a MDI of 1µg 

(±3µg) (Figure 2). Figure 3 separates foods into natural sources and foods with added 

Vitamin D, according to the highest contributing food group. “Fish and fish products”, “Eggs 

and egg dishes”, “Beef and veal”, “Sausages” and “Bacon and ham” accounted for 77% of 

natural Vitamin D. “Nutritional supplements”, “Low fat, skimmed and fortified milks”, “Low 

fat spreads”, “Ready to eat breakfast cereals” and “Other fat spreads” accounted for 93% of 

foods with added Vitamin D. The mean daily frequency of all food groups were assessed 

across meals, including breakfast, light meals, mean meals and snacks, to inform the 

modelling scenarios. Cow’s milk and bread food groups were most frequently consumed 

across all meals so were targeted for fortification modelling.  

                  



 

Figure 2. The top 5 largest contributing food groups to mean daily Vitamin D intakes (µg) 

(bars) and their mean daily frequency (line).  

Standard error of the mean is presented as error bars. 

 

Figure 3. Food sources of natural vitamin D and foods with added Vitamin D.  

Milks= Low fat, skimmed and fortified milks; LF Spreads= Low fat spreads, OF Spreads= 

other fat spreads, Other= All remaining food groups. 

 

Data Modelling 

The MDI of each scenario is presented in Table 3. The MDI for 9 of the 14 scenarios 

exceeded the RDA in Ireland of 10µg. No participants exceeded the TUL (100µg) in any 

scenario. The scenario with the highest population MDI was supplement scenario 4 (17 

±7.µg), and the lowest was supplement scenario 1 (7 ±7µg). The scenario with the most 

participants meeting the RDA in Ireland was supplement scenario 4 (100%) and the lowest 

was supplement scenario 2 (22%). Milk scenarios increased the MDI to 10-11µg, with 30-

35% of the population meeting the RDA (10µg). Bread scenarios increased the MDI to 10-

16µg, with 33-84% of the population meeting the RDA (10µg). However, if both products 

                  



were fortified simultaneously assuming the current intakes of both food groups (scenario 3) 

the MDI would be 15µg, with 96% consuming more than 5µg of Vitamin D, 71% of the 

population meeting the RDA (10µg) and 21% meeting the IOM RDA (20 µg). 

 

 

Table 3. Modelling of Vitamin D intakes and proportion of population meeting 

recommendations. 

 MDI  

(µg) 

Min  

(µg) 

Max  

(µg) 

*RDA in 

Ireland (%) 

*IOM RDA 

(< 70y) (%) 

*IOM RDA 

(≥70y) (%) 

Milk       

Scenario 1 10 4 73 31 15 8 

Scenario 2 11 4 73 35 17 9 

Scenario 3 9 1 73 31 14 7 

Scenario 4 9 1 73 32 15 15 

Scenario 5 10 1 73 36 16 9 

Bread       

Scenario 1 10 4 73 33 16 7 

Scenario 2 16 4 79 84 46 23 

Scenario 3 13 1 75 56 29 15 

Scenario 4 13 2 75 56 28 15 

Scenario 5 13 2 75 57 28 15 

Supplement       

Scenario 1 7 0 69 22 10 8 

Scenario 2 12 0 69 67 22 8 

Scenario 3 2 5 74 44 19 10 

Scenario 4 17 10 80 100 44 20 

Milk+bread 15 1 78 71 41 20 

MDI= Mean daily intake; Min= Minimum mean daily intake; Max= Maximum mean daily 

intake; RDA=Recommended Daily Allowance; IOM= Institute of Medicine. 

*Percentage meeting recommendation calculated using individual method. 

 

 

Discussion 

This study used data from the NANS, which was nationally representative at data collection 

(2008-2010). Vitamin D2 and D3 contents of foods were updated and foods were recoded to 

foods with natural and added Vitamin D. Vitamin D intakes of older adults in the cohort were 

updated. The updated intakes showed no change in total Vitamin D MDI; however, there was 

                  



a shift to a higher proportion of MDI from foods with added compared to natural Vitamin D. 

Bread and milk were frequently consumed and were selected for fortification with Vitamin 

D3. Five fortification scenarios for milk and bread and 4 supplementation scenarios were 

modelled; as well as a combined milk and bread scenario. Each scenario assessed the 

adequacy and safety of increasing Vitamin D intakes. No individual would reach the TUL for 

Vitamin D (100µg), therefore all scenarios are safe. Mandatory Vitamin D supplementation 

or fortified bread scenarios would be the most effective at increasing intakes of Vitamin D in 

this cohort. The combined approach resulted in 71% of the study cohort meeting the RDA in 

Ireland. 

The updated food composition database did not change the MDI of Vitamin D of older adults 

in Ireland. Despite this, the proportion of Vitamin D from foods with added Vitamin D 

increased, suggesting a change in the number of Vitamin D fortified foods available or an 

increase in the amount of Vitamin D added to foods. The updated MDI (7µg) remains below 

the RDA (10µg) (19). In total, 19% of this cohort were meeting the RDA; however, only 10% 

of adults 50-70 years and 6% of those >70 years were meeting the IOM RDAs. Globally, 

Vitamin D intakes are low, with studies from the UK and Australia reporting Vitamin D 

intakes in the range of 3.5-5.7µg/day for older adults, and less than 10% of the Australian 

cohort are meeting IOM recommendations (20, 21). Although MDIs are higher in the US than 

in Ireland (7.8-8.1µg); more than 70% are not meeting IOM recommendations (22). The high 

proportions of older adults not meeting recommendations is a public health concern. 

Furthermore, there are suggestions in the literature that current vitamin D intake 

recommendations were underestimated and should be revised upwards to maintain adequate 

serum 25(OH)D concentrations which would exacerbate the current situation (23, 24). Low 

Vitamin D status in older adults is associated with an increased risk of osteoporosis, higher 

rates of falls and bone fractures, and poor metabolic health (25, 26). Recent changes to the 

healthy eating guidelines in Ireland and the UK have emphasised the importance of Vitamin 

D and recommend supplementation when dietary intakes are low (19, 27). However, 

translating public health messages into behaviour changes is difficult, particularly when 

targeting subgroups of the population. A recent literature review reported low knowledge 

regarding Vitamin D health effects and dietary sources in older adult cohorts (16). 

Furthermore, improved knowledge of health effects and dietary sources does not always 

correlate with associated behaviours (16). Therefore policy changes or interventions must 

                  



consider older adult preferences and ways to make it easy for older adults to adopt the 

behaviours required to improve Vitamin D status.  

All fortification scenarios would increase the MDI, and no participants would exceed the 

TUL in any scenario. The entire population consuming a 10µg supplement daily (supplement 

scenario 4) would be most successful, with a MDI of 17µg. However, food fortification 

removes the need for behaviour changes associated with the introduction of a supplement or 

new foods (28). The most effective food based scenario would be the entire population 

consuming an additional 2 slices of fortified bread as well as their normal diet (bread scenario 

2), which would increase the MDI to 17µg, but this would increase total energy intake. Thus, 

replacing bread with a fortified product and providing a 10µg supplement to non-bread-

consumers (bread scenario 5) would be more appropriate, increasing MDI to 13µg. Despite 

the increased MDI, only 55% of the cohort would meet the RDA and only 15-28% would 

meet IOM recommendations with scenario 5. Other studies have examined the effect of 

Vitamin D fortified bread on Vitamin D status using an interventional approach. For 

example, two studies reported increased 25(OH)D concentrations for families and older 

adults consuming Vitamin D fortified bread compared to placebo bread (29, 30).  

Furthermore, two other studies reported no significant difference in the change in 25(OH)D 

when participants consumed Vitamin D fortified bread compared to a Vitamin D supplement 

(31, 32). However, it is important to note that in all cases, bread was fortified with Vitamin 

D3 rather than D2 as other research shows poor bioavailability of D2 from bread fortified with 

Vitamin D from UVB-irradiated yeast (33).  

Milk scenarios would also improve intakes, increasing the MDI to 10-11µg and the 

proportion meeting the RDA to ~31-35%. Another data modelling study using an Irish pre-

school cohort, reported an increase of ~2-4µg in the daily intake of vitamin D when cow’s 

milk was fortified with 1-2µg/100mL (34). The effects of milk fortification on Vitamin D 

status are also supported as effective interventions by other evidence and consequently 

countries including Canada and Finland have developed policies to support mandatory 

fortification of fluid milks with Vitamin D (13, 35). An intervention study examining the 

effects of a Vitamin D fortified milk (5µg) over a 16 week period reported an increase of 

8.9nmol/L in 25(OH)D concentrations (36). Similarly, another study with a Vitamin D 

fortified milk (15µg) reported an increase of 7.6nmol/L in 25(OH)D concentrations after 12 

months (37). In both studies, the participants were Vitamin D sufficient at baseline; thus, 

                  



greater increases may be observed in Vitamin D insufficient cohorts. Similar to bread, there is 

data supporting milk fortification in older adults with evidence from both data modelling and 

human studies (38, 39). 

The results of this study show that despite increased MDIs with milk or bread fortification, 

there would still be a large proportion of the population not meeting recommendations. 

Hence, this study also examined the impact of fortifying both milk and bread together (milk 

and bread scenario 3 combined). This scenario would result in an MDI of 16µg, with 96% 

consuming >5µg of Vitamin D and 71% consuming more than the 10µg RDA. Similar results 

were reported in an Australian cohort when milk and breakfast cereals were fortified 

simultaneously compared to in isolation (21). In support of these findings, Hirvonen and 

colleagues reported that it was safer and more efficient to fortify a range of foods together at 

a lower dose, rather than fortifying single foods at a higher dose (12). In contrast, a recent UK 

study concluded that fortifying flour alone at a higher dose (10µg/100g), was more successful 

at improving Vitamin D intakes than fortifying flour and milk together at lower doses 

(2.5µg/100g and 100mg/L respectively) (40). Another recent study in Belgium provided the 

same conclusions as the current study, recommending fortification of milk and bread 

simultaneously (41). These results reinforce the importance of modelling Vitamin D intakes 

at a country level, due to variations in the vitamin D content of foods and country specific 

eating patterns. However, before any recommendations are implemented, their safety and 

efficacy must be examined as part of human intervention studies, as emphasised in a 

summary paper from the ODIN project (42). ODIN also highlights the issues of fortifying a 

single food and the need to scale up interventions in real-world settings so that these results 

can be translated into action through policies and changes to food production and processing 

(42). A multipronged approach is needed that includes mandatory milk and bread fortification 

at the same time as maintaining current voluntary fortification practices, supplementation 

where required, and promotion of the increased consumption of natural food sources.   

A strength of this study is that the data is from Ireland’s national nutrition survey and was 

collected using a 4-day weighted food diary, which despite the inherent limitations, is the 

current “gold-standard”. Food packaging and CoFID are reliable sources of food composition 

data. Other studies have differentiated Vitamin D intakes from supplements and food sources, 

but few have divided foods into foods with natural and added Vitamin D (43-46). The main 

limitation in this study is that the dietary data is 10 years old. Despite being updated to 

account for current food concentrations, it is possible that consumer trends, product 

                  



availability and dietary patterns have changed. In addition, research has recognised that 

25(OH)D in foods contribute to Vitamin D intakes (47, 48). However, CoFID does not 

include the 25(OH)D content of all foods, hence 25(OH)D contents were not updated. Also, 

the strategy used to update the food composition database, although essential for 

standardisation, is subjective and may introduce bias. To the best of our knowledge there are 

no other Vitamin D modelling studies of older adults in Ireland. 

In summary, action needs to be taken to improve Vitamin D intakes of older adults in Ireland. 

Updating the composition of foods consumed in NANS did not change total Vitamin D 

intake, with intakes remaining below international recommendations. Separating Vitamin D 

into foods with natural and added Vitamin D and assessing intake patterns showed that older 

adults are more likely to consume Vitamin D supplements and fortified foods than natural 

sources of Vitamin D. Bread and milks were selected for data modelling as they were 

consumed by ~95% and 99% of the population, respectively. Supplementation and food 

fortification increased Vitamin D concentrations by up to ~250%, but all older adults were 

still not meeting the IOM recommendations. Policy makers can use the current data to inform 

future food fortification guidelines. However, milk and bread fortification needs to be 

modelled in the total population, using updated intake data. Those studies, alongside 

fortification dose-response studies, will determine the effectiveness and safety of mandatory 

fortification. Improving Vitamin D intakes of older adults will not only lead to improved 

health outcomes, but will benefit the economy directly, by reducing healthcare costs 

associated with Vitamin D-related disease and indirectly through improved quality of life and 

longer independent living time (15).  

 

Author Contributions 

All authors contributed to the paper. AMcC analysed and interpreted the data and drafted the 

manuscript. AOS was responsible for the conception and design of this research, contributed to the 

analysis and interpretation of data, paper editing and review. BAMcN and JW provided essential 

data for the study. All authors reviewed the manuscript and approved the final version submitted for 

publication. 

 

Declarations of Competing interest 

none 

                  



 

Acknowledgements 

We would like to acknowledge the contribution of the NANS participants and NANS study 

team for data collection, analysis and management of the NANS database. All authors 

contributed to the paper. AMcC analysed and interpreted the data and drafted the manuscript. 

AOS was responsible for the conception and design of this research, contributed to the 

analysis and interpretation of data, paper editing and review. BAMcN and JW provided 

essential data for the study. All authors reviewed the manuscript and approved the final 

version submitted for publication. 

 

Funding 

This work was funded by the Irish Government, Department of Agriculture, Food and the 

Marine (DAFM) National Call 2015 (DAFM Ref: 15 F 737). The National Adult Nutrition 

Survey was funded by DAFM under the National Development Plan (2007–2013) (Ref. 

13/F/514) and the Health Research Board under their joint Food for Health Research 

Initiative (2007–2012) (Ref. FHRIUCC2). 

1. Pilz S, Marz W, Cashman KD, Kiely ME, Whiting SJ, Holick MF, et al. Rationale 

and plan for Vitamin D food fortification: A review and guidance Paper. Front Endocrinol 

(Lausanne). 2018;9:373-89. 

2. Del Valle HB, Yaktine AL, Taylor CL, Ross AC. Dietary reference intakes for 

calcium and vitamin D: National Academies Press; 2011. 

3. Laird E, O’Halloran AM, Carey D, Healy M, O’Connor D, Moore P, et al. The 

prevalence of Vitamin D deficiency and the determinants of 25(OH)D concentration in older 

Irish adults: data from The Irish Longitudinal Study on Ageing (TILDA). J Gerontol A Biol 

Sci Med Sci. 2017;73(4):519-25. 

4. Macdonald HM, Mavroeidi A, Fraser WD, Darling AL, Black AJ, Aucott L, et al. 

Sunlight and dietary contributions to the seasonal vitamin D status of cohorts of healthy 

postmenopausal women living at northerly latitudes: a major cause for concern? Osteoporos 

Int. 2011;22(9):2461-72. 

5. Zgaga L, Theodoratou E, Farrington SM, Agakov F, Tenesa A, Walker M, et al. Diet, 

environmental factors, and lifestyle underlie the high prevalence of vitamin D deficiency in 

                  



healthy adults in Scotland, and supplementation reduces the proportion that are severely 

deficient. J Nutr. 2011;141(8):1535-42. 

6. Ashwell M, Stone EM, Stolte H, Cashman KD, Macdonald H, Lanham-New S, et al. 

UK Food Standards Agency Workshop Report: an investigation of the relative contributions 

of diet and sunlight to vitamin D status. Br J Nutr. 2010;104(4):603-11. 

7. Moulas AN, Vaiou M. Vitamin D fortification of foods and prospective health 

outcomes. J Biotechnol. 2018;285:91-101. 

8. Itkonen ST, Erkkola M, Lamberg-Allardt CJE. Vitamin D fortification of fluid 

milk products and their contribution to Vitamin D intake and Vitamin D status in 

observational studies-a review. Nutrients. 2018;10(8):1054-72. 

9. Grant WB, Fakhoury HMA, Karras SN, Al Anouti F, Bhattoa HP. Variations in 25-

Hydroxyvitamin D in countries from the Middle East and Europe: The roles of UVB 

exposure and diet. Nutrients. 2019;11(9):2065-79. 

10. O'Neill CM, Kazantzidis A, Kiely M, Cox L, Meadows S, Goldberg G, et al. A 

predictive model of serum 25-hydroxyvitamin D in UK white as well as black and Asian 

minority ethnic population groups for application in food fortification strategy development 

towards vitamin D deficiency prevention. J Steroid Biochem Mol Biol. 2017;173:245-52. 

11. Cashman KD, Kazantzidis A, Webb AR, Kiely M. An integrated predictive model of 

population serum 25-hydroxyvitamin D for application in strategy development for vitamin D 

deficiency prevention. J Nutr. 2015;145(10):2419-25. 

12. Hirvonen T, Sinkko H, Valsta L, Hannila ML, Pietinen P. Development of a model 

for optimal food fortification: vitamin D among adults in Finland. Eur J Nutr. 

2007;46(5):264-70. 

13. Jaaskelainen T, Itkonen ST, Lundqvist A, Erkkola M, Koskela T, Lakkala K, et al. 

The positive impact of general vitamin D food fortification policy on vitamin D status in a 

representative adult Finnish population: evidence from an 11-y follow-up based on 

standardized 25-hydroxyvitamin D data. Am J Clin Nutr. 2017;105(6):1512-20. 

14. Gronborg IM, Tetens I, Ege M, Christensen T, Andersen EW, Andersen R. Modelling 

of adequate and safe vitamin D intake in Danish women using different fortification and 

supplementation scenarios to inform fortification policies. Eur J Nutr. 2018;58(1):227-32. 

15. Aguiar M, Andronis L, Pallan M, Högler W, Frew E. The economic case for 

prevention of population vitamin D deficiency: a modelling study using data from England 

and Wales. Eur J Clin Nutr. 2019;10.1038/s41430-019-0486-x. 

                  



16. Christides T. Older adults' beliefs, knowledge and preferences for achieving healthy 

Vitamin D status: A narrative review. Geriatrics. 2018;3(2):26-43. 

17. Cashman KD, Muldowney S, McNulty B, Nugent A, FitzGerald AP, Kiely M, et al. 

Vitamin D status of Irish adults: findings from the National Adult Nutrition Survey. Br J 

Nutr. 2013;109(7):1248-56. 

18. IUNA. National Adult Nutrition Survey (2008-2010) Survey Report. Ireland: IUNA; 

2011.  

19. Food Safety Authority of Ireland. Healthy eating, food safety and food legislation. A 

guide supporting the Healthy Ireland Food Pyramid. Ireland, Food Safety Authority of 

Ireland; 2019. 

20. Public Health England. NDNS results from years 7 and 8(combined): data tables. 

England: Public Health England; 2018. 

21. Jayaratne N, Hughes MCB, Ibiebele TI, van den Akker S, van der Pols JC. Vitamin D 

intake in Australian adults and the modeled effects of milk and breakfast cereal fortification. 

Nutrition. 2013;29(7):1048-53. 

22. Moore C, Murphy MM, Keast DR, Holick MF. Vitamin D intake in the United States. 

J Am Diet Assoc. 2004;104(6):980-3. 

23. Heaney R, Garland C, Baggerly C, French C, Gorham E. Letter to Veugelers, P.J. and 

Ekwaru, J.P., A statistical error in the estimation of the recommended dietary allowance for 

vitamin D. Nutrients 2014, 6, 4472-4475; doi:10.3390/nu6104472. Nutrients. 

2015;7(3):1688-90. 

24. Veugelers PJ, Ekwaru JP. A statistical error in the estimation of the recommended 

dietary allowance for vitamin D. Nutrients. 2014;6(10):4472-5. 

25. Ju S, Lee J, Kim D. Low 25-hydroxyvitamin D levels and the risk of frailty syndrome: 

a systematic review and dose-response meta-analysis. BMC Geriatr. 2018;18(1):206-17. 

26. Parker J, Hashmi O, Dutton D, Mavrodaris A, Stranges S, Kandala NB, et al. Levels 

of vitamin D and cardiometabolic disorders: systematic review and meta-analysis. Maturitas. 

2010;65(3):225-36. 

27. Public Health England. The Eatwell Guide. Helping you eat a healthy, balanced diet. 

England: Public Health England; 2016. 

28. Birch D, Lawley M. The Role of habit, childhood consumption, familiarity, and 

attitudes across seafood consumption segments in Australia. JFPM. 2014;20(1):98-113. 

                  



29. Mocanu V, Stitt PA, Costan AR, Voroniuc O, Zbranca E, Luca V, et al. Long-term 

effects of giving nursing home residents bread fortified with 125 microg (5000 IU) vitamin 

D(3) per daily serving. Am J Clin Nutr. 2009;89(4):1132-7. 

30. Madsen KH, Rasmussen LB, Andersen R, Molgaard C, Jakobsen J, Bjerrum PJ, et al. 

Randomized controlled trial of the effects of vitamin D-fortified milk and bread on serum 25-

hydroxyvitamin D concentrations in families in Denmark during winter: the VitmaD study. 

Am J Clin Nutr. 2013;98(2):374-82. 

31. Costan AR, Vulpoi C, Mocanu V. Vitamin D fortified bread improves pain and 

physical function domains of quality of life in nursing home residents. J Med Food. 

2014;17(5):625-31. 

32. Natri AM, Salo P, Vikstedt T, Palssa A, Huttunen M, Karkkainen MU, et al. Bread 

fortified with cholecalciferol increases the serum 25-hydroxyvitamin D concentration in 

women as effectively as a cholecalciferol supplement. J Nutr. 2006;136(1):123-7. 

33. Itkonen ST, Skaffari E, Saaristo P, Saarnio EM, Erkkola M, Jakobsen J, et al. Effects 

of vitamin D2-fortified bread v. supplementation with vitamin D2 or D3 on serum 25-

hydroxyvitamin D metabolites: an 8-week randomised-controlled trial in young adult Finnish 

women. Br J Nutr. 2016;115(7):1232-9. 

34. Kehoe L, Walton J, McNulty BA, Nugent AP, Flynn A. Dietary strategies for 

achieving adequate vitamin D and iron intakes in young children in Ireland. J Hum Nutr Diet. 

2017;30(4):405-16. 

35. Calvo MS, Whiting SJ. Survey of current vitamin D food fortification practices in the 

United States and Canada. J Steroid Biochem Mol Biol. 2013;136:211-3. 

36. Toxqui L, Blanco-Rojo R, Wright I, Pérez-Granados AM, Vaquero MP. Changes in 

blood pressure and lipid levels in young women consuming a vitamin D-fortified skimmed 

milk: a randomised controlled trial. Nutrients. 2013;5(12):4966-77. 

37. Kruger MC, Chan YM, Lau C, Lau LT, Chin YS, Kuhn-Sherlock B, et al. Fortified 

milk supplementation improves Vitamin D status, grip strength, and maintains bone density 

in Chinese premenopausal women living in Malaysia. BioResearch Open Access. 

2019;8(1):16-24. 

38. Daly RM, Brown M, Bass S, Kukuljan S, Nowson C. Calcium- and vitamin D3-

fortified milk reduces bone loss at clinically relevant skeletal sites in older men: a 2-year 

randomized controlled trial. J Bone Miner Res. 2006;21(3):397-405. 

39. Kukuljan S, Nowson CA, Bass SL, Sanders K, Nicholson GC, Seibel MJ, et al. 

Effects of a multi-component exercise program and calcium-vitamin-D3-fortified milk on 

                  



bone mineral density in older men: a randomised controlled trial. Osteoporos Int. 

2009;20(7):1241-51. 

40. Allen RE, Dangour AD, Tedstone AE, Chalabi Z. Does fortification of staple foods 

improve vitamin D intakes and status of groups at risk of deficiency? A United Kingdom 

modeling study. Am J Clin Nutr. 2015;102(2):338-44. 

41. Moyersoen I, Devleesschauwer B, Dekkers A, Verkaik-Kloosterman J, De Ridder K, 

Vandevijvere S, et al. A novel approach to optimize Vitamin D intake in Belgium through 

fortification based on representative food consumption data. J Nutr. 2019;149(10):1852-62. 

42. Kiely M, Cashman KD. Summary outcomes of the ODIN Project on food fortification 

for Vitamin D deficiency prevention. Int J Environ Res Public Health. 2018;15(11):2342-56. 

43. Hennessy Á, Browne F, Kiely M, Walton J, Flynn A. The role of fortified foods and 

nutritional supplements in increasing vitamin D intake in Irish preschool children. Eur J Nutr. 

2017;56(3):1219-31. 

44. Verkaik-Kloosterman J, Beukers MH, Jansen-van der Vliet M, Ocke MC. Vitamin D 

intake of Dutch infants from the combination of (fortified) foods, infant formula, and dietary 

supplements. Eur J Nutr. 2017;56(2):581-90. 

45. Black LJ, Walton J, Flynn A, Kiely M. Adequacy of vitamin D intakes in children and 

teenagers from the base diet, fortified foods and supplements. Public Health Nutr. 

2014;17(4):721-31. 

46. Gonzalez-Rodriguez LG, Estaire P, Penas-Ruiz C, Ortega RM. Vitamin D intake and 

dietary sources in a representative sample of Spanish adults. J Hum Nutr Diet. 2013;26 Suppl 

1:64-72. 

47. Crowe FL, Steur M, Allen NE, Appleby PN, Travis RC, Key TJ. Plasma 

concentrations of 25-hydroxyvitamin D in meat eaters, fish eaters, vegetarians and vegans: 

results from the EPIC-Oxford study. Public Health Nutr. 2011;14(2):340-6. 

48. Dunlop E, Cunningham J, Sherriff JL, Lucas RM, Greenfield H, Arcot J, et al. 

Vitamin D(3) and 25-Hydroxyvitamin D(3) content of retail white fish and eggs in Australia. 

Nutrients. 2017;9(7):647-59. 

 

                  


