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S UM M A RY  
The Opti-Age project consisted of 2 studies: 1) a food intervention study (FIS) to investigate the 
effectiveness of a B vitamin-fortified drink in improving B vitamin status and 2) a 2-years 
randomised controlled trial (2-year RCT) to investigate the impact of B-vitamins on bone mineral 
density (BMD).  

In the FIS, a total of 95 participants were randomised, of which 81 commenced the trial and 70 
completed (37 in the active and 33 in the placebo groups). Intention to treat (ITT) analysis of the B 
vitamins demonstrated a significant improvement in all B vitamin biomarkers in the active 
compared to placebo groups. Correspondingly, a significant lowering of serum homocysteine from 
11.9 (10.3-15.1) µmol/L to 10.6 (9.4-13.0) µmol/L was observed in response to the active 
treatment (P< 0.001). Similar results were seen in a per-protocol analysis. The results demonstrate 
that a B vitamin-fortified drink was effective in optimising B vitamin status and was generally well 
received by participants, making this a useful intervention strategy to improve B vitamin status in 
older adults.   

In the 2-year RCT, participants (n=205), randomised by baseline BMD, received either combined 
B-vitamins or placebo daily. Both treatment arms received vitamin D. At baseline, riboflavin, 
vitamin B6, folate and vitamin B12 deficiency ranged from 17% to 29%. The prevalence of 
osteopenia/osteoporosis was 65% and 68% in the placebo and treatment groups respectively. 
Following intervention, B-vitamin supplementation resulted in improved status of all B-vitamins. 
Regardless of treatment allocation, BMD decreased by ≈1% over the 2 years, with no significant 
effect of intervention. However, in participants with lower baseline vitamin B12 status (< 246 
pmol/L) and higher baseline MMA (>0.22 µmol/L), the treatment reduced BMD decline compared 
with placebo. These findings show that B-vitamin intervention has benefits for BMD specifically 
in older adults with suboptimal vitamin B12 status, with important implications for bone health. 
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Start Date 

01 January 2017 

End Date 

30 June 2021 

Research Programme 

Food Institutional Research Measure 

TRL Scale 

TRL 6: Technology demonstrated in relevant environment 

NRPE Priority area 

Food for Health 

Total DAFM Award 

€302,354.00 

Total Project Expenditure 

€302,010.60 

Rationale for undertaking the Research 

One-carbon metabolism is a series of interlinking metabolic pathways that provides one-carbon units for the synthesis of DNA, amino acids and phospholipids. 

The B-vitamins folate, vitamin B12, vitamin B6, and riboflavin are central to the functioning of one-carbon metabolism. A high proportion of older Irish adults 

are reported to have sub-optimal B vitamin status. Findings from the most recent National Adult Nutrition Survey (NANS) indicated that >50% of older adults 

have riboflavin status considered to be low/deficient (EGRac (erythrocyte glutathione reductase activation coefficient) >1.3), while approximately 20% have 

insufficient intakes of riboflavin. Fortified drinks offer a potential route for enhancing vitamin status, but relatively few studies have investigated the potential 

of drinks fortified with 

B vitamins to improve B vitamin biomarker status. Optiage addressed this knowledge gap by developing in conjunction with our partners, SmartFish, a new B 

vitamin fortified drink and investigating the effectiveness of the developed drink in improving B vitamin status.  

Observational evidence suggests a protective role of vitamin B12, folate and/or the metabolically related B-vitamins on bone, but there are few randomised 

trials and no previous study has investigated the effect on bone mineral density (BMD), of all relevant B-vitamins required for one-carbon metabolism. Optiage 

therefore addressed this gap by investigating the effect of combined low-dose B-vitamin supplementation for 2 years on BMD in community-dwelling older 

adults. 

Methodology 

The Opti-Age Study was a dual-centre study performed at University College Dublin (UCD) and Ulster University (UU). It consisted of 1) a food intervention 

study (FIS) to investigate the effectiveness of a B vitamin-fortified drink in improving B vitamin status and 2) a 2-years randomised controlled trial (2-years RCT) 

to investigate the impact of B-vitamins on bone health. For both studies, exclusion criteria were as follows: <5 0 years of age, consuming >4 portions of B-

vitamin fortified food per week, B-vitamin supplement users, receiving B12 injections, an existing disease that interferes with nutritional requirements and 

taking any drugs known to interfere with folate and/or B vitamin metabolism.   

  

In the FIS, participants were randomised to receive daily for 16 weeks either B vitamin-fortified drinks (200 ml) containing 200µg folic acid, 10µg vitamin B12, 

10mg vitamin B6 and 5mg riboflavin or identical isocaloric placebo drinks without added B vitamins. Both drinks contained vitamin D (10 µg). A fasting blood 

sample was collected pre- and post-intervention to measure changes in B vitamin biomarker levels.   

  

In the 2-year RCT, participants were randomised according to recruitment centre, sex and the lowest T-score at any measured bone site to receive daily a 

treatment or a placebo capsule, which had the same vitamin (B and D) content as the FIS. Bone Mineral Density (BMD) was assessed pre- and post-

intervention at the total hip, femoral neck and lumbar spine by dual-energy X-ray absorptiometry.   

  

For both studies, B-vitamin biomarkers were analysed centrally using established methods at UU (vitamin B6 as pyridoxal 5
′
-phosphate (PLP), riboflavin as 

EGRac) or outsourced to the University of Bergen, Norway (vitamin B12, folate, homocysteine). Vitamin D was analysed as 25-hydroxyvitamin D (25(OH)D) at 

St James’s Hospital, Dublin. 

Project Results 

Food Intervention Study (FIS): Of the 81 participants randomised (mean age 64.9 years; 57% female), 70 participants (86%) completed the intervention. 

Following one month of manufacture, all four B vitamins were present at the intended concentration. Following a shelf life of 14 and 19 months, vitamin B2, 

vitamin B6 and vitamin B12 remained stable. However, a decline in folic acid content was detected (55% at month 14 and 72% at month 19). Further work in 

needed to optimise the stability of folic acid in the drinks.   

  

The consumption of the B-vitamin fortified drink significantly improved the status of all four B vitamins post-intervention in the active 

 



group compared with the placebo group. Furthermore, as expected, a significant lowering of homocysteine concentrations was observed in the active group. 

Vitamin D concentrations did not differ between groups following the intervention. These results show that the consumption of a B vitamin-fortified drink is a 

useful strategy to improve B vitamin status in older adults. Furthermore, our results clearly show maintenance of vitamin D status was achieved over the 

winter months with daily consumption of a drink containing 10 µg of vitamin D. Finally, the drink was generally well received by participants.  

  

2-years RCT: Of the 205 participants randomised (mean age 69.6 years; 60% female), 167 participants (81%) completed the intervention. Baseline 

characteristics (demographics, lifestyle, medical history, dietary intake, bone health) were similar between groups. Low or deficient vitamin B12 status 

(combined B12 indicator ≤−0.5) was present in 17% of participants, and deficiency was present in 16% of participants for folate (< 10 nmol/L), 22% for vitamin 

B6 (< 30 nmol/L) and 29% for riboflavin (EGRac; >1.40). The prevalence of osteopenia/osteoporosis was 65% and 68% in the placebo and treatment groups 

respectively. At baseline, male sex, higher BMI and higher alcohol intake were significant determinants of Bone Mineral Density (BMD).  

  

B-vitamin supplementation significantly increased folate, vitamin B12 and vitamin B6 concentrations and correspondingly decreased 

EGRac, MMA and homocysteine (all P< 0.001). Regardless of treatment allocation, BMD at all three bone sites decreased by ≈1% (ranging -0.7% to -1.4%) over 

the 2 years, with no significant effect of the intervention on BMD at any site. However, among participants with lower baseline vitamin B12 status (< 246 

pmol/L), treatment reduced BMD decline at the total hip. Likewise, in those with higher baseline MMA (>0.22 µmol/L, indicative of lower vitamin B12 status), 

treatment reduced BMD decline at the femoral neck. These findings provide evidence that intervention with the relevant B-vitamins has benefits for BMD 

specifically in older adults with suboptimal vitamin B12 status. Given the prevalence of deficient vitamin B12 status in older adults, the current findings have 

important implications for preventing osteoporosis. Furthermore, the study provides robust scientific evidence to support the development of a wider range of 

fortified foods to help to address the problem of vitamin B12 deficiency in older adults. 

 

Summary of Project Findings 

The project findings offer benefits on a number of levels:  

1. Scientific Community: the carefully conducted randomised controlled trials add significantly to the scientific literature related to B vitamins, 

including their role in bone health. The Food-Intervention -study (FIS) clearly demonstrated that consuming a B vitamin-fortified drink is a useful 

strategy to improve B vitamin status in older adults. The 2-year RCT provided evidence that intervention with B-vitamins has benefits for BMD 

specifically in older adults with suboptimal vitamin B12 status.  

2. Consumers: Of note, the intake levels of vitamin B12 (10 µg /day), shown to be effective in optimising B12 biomarkers and reducing the age-related 

decline in BMD, were proven as part of the Optiage project to be achievable through fortified food consumption, as demonstrated in our FIS. Taken 

together, the two component studies of Opti-Age provide strong evidence to support health benefits of B vitamin intervention and how this can be 

achieved in practice.  

3. Policy makers: The current findings provide the first evidence that B-vitamin intervention has important benefits for bone health, specifically in older 

adults with sub-optimal vitamin B12 status at baseline. However, this finding requires further investigation in a randomised trial targeting adults 

with deficient B12 status, or at high risk of developing B12 deficiency owing to the common condition of atrophic gastritis or the use of proton pump 

inhibitor drugs. The results clearly show maintenance of vitamin D status was achieved over the winter months with daily consumption of a drink 

containing 10 µg of vitamin D. This is particularly important considering the high prevalence of vitamin D insufficiency among older adults.   

4. Industry: The biomarker response to the B vitamin fortified drink provides strong evidence to promote the development of a wide range of fortified 

foods targeted at addressing vitamin B12 deficiency in older adults. 

Summary of Staff Outputs 

Research Output Male Female Total Number 

Post Doctorates 0 1 1 

Research Technicians/ Assistants 0 2 2 

 

Summary of Academic Outputs 

Research Outputs Total Number Details 

Masters Theses 1 Development of a food-based supplement for improvement of B vitamin status and factors relating 

to cognition in older adults. Awarded by UCD. Candidate: 

Maria Heffernan, 2020 

PhD Theses 1 Studies of vitamin B12, folate and the metabolically related B-vitamins, and their relationship with 

bone health, in older adults. Submitted Feb 2022 in UU.  

Candidate: Michelle Clements 

Publications in Peer Reviewed 

Scientific Journals 

2 1. Heffernan, M., L. C. Doherty, R. Hack Mendes, M. Clarke, S. Hodge, M. Clements, L. 

McAnena, M. Rivelsrud, M. Ward, J. J. Strain, H. McNulty and L. Brennan (2021). 

"Effectiveness of a fortified drink in improving B vitamin biomarkers in older adults: a 

controlled intervention trial." Nutr Metab (Lond) 18(1): 104.  

2. Clements M, Heffernan M, Ward M, Doherty LC, Hack Mendes R, Clarke M, Hughes CF1, 

Hoey L, McAnena L, Strain JJ, Brennan L and McNulty H (2022) Effect of low-dose B-

vitamin supplementation on bone mineral density in older adults: a randomised 

controlled trial. To be submitted Feb 2022 

 



Summary of other Project Outputs 

Project Outputs Details Total No. 

New Products Our Industry partners SmartFish developed a new drink fortified with B vitamins. They recently released 

a press release highlighting the work performed within this project: 

https://www.smartfishnutrition.com/news/2022/01/a-smartfish-drinkfortified-with-b-vitamin-is-an-

effective-intervention-strategy-forimproving-b-vitamin-status-among-older-adults/ 

1 

 

Potential Impact related to Policy, Practice and Other Impacts 

Impact Details 

Industry Our Industry partners SmartFish developed a new drink fortified with B vitamins. We demonstrated the efficacy of such drinks 

in terms of improving B vitamin Status. Our 2-year RCT demonstrated that B vitamin supplementation at the same levels used in 

the drinks have health benefits in terms of bone health. The results open up avenues for development of further b vitamin 

fortified foods. 

Socio-Economic The current findings provide the first evidence that B-vitamin intervention has important benefits for bone health, specifically in 

older adults with sub-optimal vitamin B12 status at baseline. This will support the development of future Nutrition policies 

targeting health ageing. 

 

Dissemination Activities 

Activity Details 

Workshops at which 

results were presented 

1. Maria Heffernan, Leanne C Doherty, Roberta Hack Mendes, Michelle Clarke, Katie Moore, Stephanie Hodge, Orlaith 

Furlong, Mary Ward, JJ Strain, Helene McNulty, Lorraine Brennan. Development of a food-based supplement for 

improvement of B vitamin status. Poster presentation on the UCD Conway Festival, September 2019, University 

College Dublin.  

2. Maria Heffernan, Leanne C Doherty, Roberta Hack Mendes, Michelle Clarke, Katie Moore, Stephanie Hodge, Orlaith 

Furlong, Mary Ward, JJ Strain, Helene McNulty, Lorraine Brennan. Development of a food-based supplement for 

improvement of B vitamin status. Poster presentation at the 13th European Nutrition Conference (FENS), October 

2019, Convention Centre, Dublin. 

Seminars at which results 

were presented 

1. Invited Lecture L. Brennan Challenges for the future 14th Jan 2021 Food Biomarker Workshop Imperial College, UK 

(online)  

2. Invited Lecture L. Brennan Metabolomics in nutrition research: Current opportunities and developments 26th 

February 2021 ANNUAL SYMPOSIUM- Stanford Metabolic Health (online)  

3. Invited Lecture L. Brennan Metabolomics-based dietary biomarkers in nutritional epidemiology current status and 

future opportunities 8-10th February 2021 ICDAM (online)  

4. Invited Lecture H. McNulty From foetal life to ageing brain: effect of folate and related B vitamins 4 April 2021 10th 

International Nutrition and Dietetics E-Congress, Istanbul, Turkey (Online)  

5. Invited Lecture H. McNulty Riboflavin Status across the Life Span: Pregnancy and Early Life 4 Jan 2021 Food and 

Nutrition Board of the US National Academies of Sciences; Riboflavin DRI Review Committee: Open session meeting, 

Washington USA (Online)  

6. Invited Lecture H. McNulty Riboflavin supplementation: MTHFR genotype and blood pressure in adults and pregnant 

women 8 Nov 2020 Micronutrient Forum 5th Global Conference, Bangkok, Thailand (Online)  

7. Invited Lecture H. McNulty VALID project; Valerolactones and healthy Ageing: Linking Dietary factors, nutrient 

biomarkers, metabolic status and inflammation with cognition in older adults 27 Oct 2020 Biomarkers for Nutrition 

and Health Final Symposium of the ERA- Net Healthy Diet for a Healthy Life, The Netherlands (ERA-HDHL BioNH) 

(Online)  

8. Invited Lecture H. McNulty Micronutrients - Folate and the related B vitamins May 2020 Nutrition Society Training 

Academy (NSTA), Introduction to Human Nutrition Webinar series (Online)  

9. L. Brennan. (2019). Potential of Precision Nutrition to improve Health – Insights from biomarker approaches. FENS, 

October 15-18th, Dublin. (Invited speaker)  

10. L. Brennan. (2019). Metabolomics in Nutrition: a solution to major challenges in the field. British Mass Spec Society, 

September 3-5th, Manchester, UK (Keynote speaker)  

11. L. Brennan. (2019). Metabolomics as an enabling tool in Nutrition Research. May 14th, Germany Metabolomics 

Society (Keynote speaker)  

12. Roberta Hack Mendes. Potential role of B vitamins in bone health. Seminar presented on the Experimental Research 

Centre, November 2019, Hospital de Clinicas de Porto Alegre, Porto Alegre, Brazil. 

13. Michelle Clements: Nutrition Society (Irish Section) Postgraduate Meeting, Portrush Oral Presentation: The role of B-

vitamins and one-carbon metabolism in relation to bone health in older adults.  

14. Prof Mary Ward: The 6th International Vitamin Conference, Copenhagen, Denmark (2021) Invited Speaker: Why 

vitamin research is important in 2021. 



Seminars at which results 

were presented 

Press release by SmartFish: https://www.smartfishnutrition.com/news/2022/01/a-smartfish-drinkfortified-with-b-vitamin-is-

an-effective-intervention-strategy-for-improving-b-vitamin-status-amongolder-adults/ 

 

 

Knowledge Transfer Activities 

Identify knowledge outputs generated 

during this project. 

The knowledge outputs generated target a number of different groups  

1. Scientific Community: The Food-Intervention -study (FIS) clearly demonstrated that consuming a B 

vitamin-fortified drink is a useful strategy to improve B vitamin status in older adults. The 2-year 

RCT provided evidence that intervention with B-vitamins has benefits for BMD specifically in older 

adults with suboptimal vitamin B12 status.  

2. Consumers: Of note, the intake levels of vitamin B12 (10 µg /day), shown to be effective in 

optimising B12 biomarkers and reducing the age-related decline in BMD, were proven as part of 

the Optiage project to be achievable through fortified food consumption.  

3. Policy makers: The current findings provide the first evidence that B-vitamin intervention has 

important benefits for bone health, specifically in older adults with suboptimal vitamin B12 status 

at baseline. The results clearly show maintenance of vitamin D status was achieved over the winter 

months with daily consumption of a drink containing 10 µg of vitamin D.   

4. Industry: The biomarker response to the B vitamin fortified drink provides strong evidence to 

promote the development of a wide range of fortified foods targeted at addressing vitamin B12 

deficiency in older adults. 

Identify any knowledge transfer activities 

executed within the project. 

• Meetings with Industry to discuss the results from the Food Intervention study. Discussion and 

help in the generation of a press release for SmartFish.   

• Letters to all participants on outcomes of the studies. This ensured that the outcomes of project 

were clearly disseminated to the public and in particular to those who took part as participants in 

the research.   

• Presentation at International conferences - a number of talks were delivered throughout the 

project highlighting the work to the scientific community.   

• Theses Submissions - 2 theses emerged from the work in Optiage. 

 

List any impacts resulting from the 

knowledge transferred during the project. 

• Training – obtained at MSc, PhD and Post Doc level. Significant training of the next generation of 

scientists took place throughout the Optiage project.   

• Product Development for SmartFish – SmartFish will now incorporate B vitamins into their drinks. 

They need to work further to ensure the stability of Folic Acid.  

• Evidence for Policy development: The current findings provide the first evidence that B vitamin 

intervention has important benefits for bone health, specifically in older adults with sub-optimal 

vitamin B12 status at baseline. The results clearly show maintenance of vitamin D status was 

achieved over the winter months with daily consumption of a drink containing 10 µg of vitamin D. 

Both sets of findings will play an important role in the development of future Nutrition related 

Health Policies. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Leveraging Metrics 

 

Type of Funding Funding € Summary 

Exchequer National Funding €240,000.00 Prof Brennan established research links to the Healthy Ageing group in QUB. As a consequence, she 

was asked to join a consortium- PROMED-COG. Prof Brennan was successfully awarded funding for 

the following from the Health Research Board: PROtein enriched MEDiterranean diet to combat 

undernutrition and promote healthy neurocognitive ageing in older adults (PROMED-COG) 

Exchequer National 

Funding 

€283,000.00 Prof. Brennan in collaboration with Kerry Food Group were successful in obtaining an MSCA-Career 

Fit (through EI) with Dr Janine Wirth the postdoctoral research fellow on the project  

'Examine the impact of timing of protein intake on health outcomes and muscle function' 

Exchequer National 

Funding 

€889,104.00 Prof. Brennan is collaborating with researchers from Harvard University (USA) and Queen’s 

University Belfast (NI) on a US-Ireland tripartite grant funded by the Health Research Board (HRB) 

on a personalised nutrition project. 

Exchequer National 

Funding 

€88,000.00 Prof Brennan in collaboration with researchers from Teagasc were successful in obtaining two 

Teagasc Walsh Fellowships. The PhD students will start in 

September 2020 

Additional Staff €10,000.00 A radiographer worked on the project from March 2019 to September 2020, funding to cover 

Shauna’s costs were secured from University College Dublin. A radiographer was needed due to a 

change in legislation in relation to carrying out DXA bone scans. A qualified radiographer is now 

required to carry out these scans, prior to this legislative change our researchers were performing 

the scans. 

Additional Staff €30,000.00 UCD – 1 MSc student and 1 RA 

Additional Staff €0.00 UU - 1 Postdoc, 2 RA's and 1 PhD 

 

Future Strategies 

The findings from the Opti-Age 2-year randomised trial provide the first evidence that intervention with the relevant B-vitamins has benefits for bone health, 

specifically in older adults with sub-optimal vitamin B12 status at baseline. However, this finding requires further investigation in a randomised trial targeting 

adults with deficient B12 status. Our future strategies will involve prioritising such a trial, in which we will aim to recruit adults over 50 years at high risk of 

developing B12 deficiency owing to the common condition of atrophic gastritis or the use of proton pump inhibitor drugs. We aim to apply for research 

funding from relevant sources, nationally and internationally, to support such a trial. Given that osteoporosis is a major public health concern, and its 

prevention a priority, we are confident that the current findings will play a key role in leveraging future funding in this research area. 

Project Publications 

1. Heffernan, M., L. C. Doherty, R. Hack Mendes, M. Clarke, S. Hodge, M. Clements, L. McAnena, M. Rivelsrud, M. Ward, J. J. Strain, H. McNulty and L. 

Brennan (2021). "Effectiveness of a fortified drink in improving B vitamin biomarkers in older adults: a controlled intervention trial." Nutr Metab (Lond) 

18(1): 104.  

2. Clements M, Heffernan M, Ward M, Doherty LC, Hack Mendes R, Clarke M, Hughes CF1, Hoey L, McAnena L, Strain JJ, Brennan L and McNulty H (2022) 

Effect of low-dose B-vitamin supplementation on bone mineral density in older adults: a randomised controlled trial. To be submitted Feb 2022. 

 

 

 


