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ABSTRACT 
 

Vitamin D is a key nutrient in maintenance of calcium homeostasis and 
contribution to bone health. Elderly populations living in long-term care (LTC) 
facilities of Canada face a higher risk of deficiency vitamin D intakes and 
sunlight exposure are limited. Endogenous synthesis and food intake of vitamin D 
can be cumulatively measured by serum 25-hydroxyvitamin D concentration 
(25(OH)D). The Institute of Medicine (IOM) revised the Dietary Reference 
Intakes (DRI) for Vitamin D and Calcium in 2011. The new DRIs replaced the 
Adequate Intake (AI) of 600 IU/d for vitamin D in adults with an Estimated 
Average Requirements (EAR: 400 IU/d) and a Recommended Dietary Allowance 
(RDA: 800 IU/d) for the elderly population of more than 70 y. Regardless of 
these recommendations, many elderly in Canada, in the community or in LTC, 
have low vitamin D status. Aging men are underrepresented in research looking 
at vitamin D and bone health. As men are living longer, and since they experience 
the highest morbidity and mortality following fractures, more investigation is 
required to describe the impact of low vitamin D status and its correction on bone 
health outcomes in advanced aging in men. 

The global objectives of this thesis were to: (1) comprehensively assess 
dietary and supplemental intakes of vitamin D and its association with 
biomarkers of bone health in elderly men living in a LTC facility of the Montreal 
region (46°); (2) assess the impact of an 8-week supplementation regimen of 
2000 IU/d of vitamin D3 on 25(OH)D and markers of bone metabolism; (3) 
determine how much vitamin D3 is required to sustain vitamin D status, using 
vitamin D3 fortified foods. 

The first study (objective 1) monitored food intake and sunlight 
exposure of 30 men over 16 weeks (October to March) at Ste-Anne’s Hospital 
(Veterans Affairs Canada, Montréal, Québec). On average, participants were 85 y 
of age and relatively healthy. At baseline, midway and end of protocol, food 
intake was measured with 3-d weighed food records.  Fasted blood samples were 
obtained to measure biomarkers of bone and mineral metabolism (serum 
25(OH)D, parathyroid hormone (PTH), calcium, phosphate, osteocalcin (OC) and 
C-terminal telopeptide of collagen type 1 (CTX)) at each time point. Descriptive 
statistics and change over time were tested. Over 30% of participants, in the 
winter months, were below the 50 nmol/L of serum 25(OH)D concentrations 
suggested by the IOM. These elderly men consumed a mean of 280±120 IU/d of 
vitamin D, which represented 66% of that expected to be consumed foods served. 
Main carriers of vitamin D were meal supplements and in-house enriched milk. 
Serum 25(OH)D rose by summer and declined in the fall. PTH was lower in the 
spring compared to late summer. CTX and OC did not change over time.  

Study 2 (objectives 2 and 3) consisted of a before after trial and 
randomized control trial (RCT) involving 60 veterans at Ste-Anne’s Hospital. 
This 2 phase trial design took place from October to December (before after trial 
as a Loading Phase) and from January to July (RCT0-RCT24). The Loading 
Phase involved vitamin D3 supplementation at 2000 IU/d (tablet), administered 
by the nursing staff, for 8 weeks. The RCT segment involved the randomization 
of the 60 participants to 3 groups: a Placebo group (0 IU/d), a 500 IU/d vitamin 



D3 group or a 1000 IU/d vitamin D3 for which vitamin D3 was integrated in bite 
size fortified foods (puddings, muffins or smoothies) served at breakfast for 24 
weeks. The Placebo group received identical unfortified food items. Fasted blood 
samples were drawn to assess biomarkers of bone metabolism (serum 25(OH)D, 
PTH, calcium, phosphate, OC, CTX, osteoprotegerin and RANKL) at RCT – 8 
weeks, RCT0 and RCT24. The RANKL:OPG ratio were calculated for each time 
point. At RCT0 and RCT24, peripheral dual-energy X-ray absorptiometry 
(pDXA), peripheral quantitative computed tomography (pQCT) and handgrip 
strength were performed on the non-dominant forearm. Differences over time and 
among groups in serum 25(OH)D, biomarkers as well as pQCT values, pDXA 
values and handgrip strength were tested using mixed model ANOVA for fixed 
effects of time and group and interactions. Results from Study 2 included a mean 
vitamin D intake of 291±144 IU/d and mean 25(OH)D concentration of 
56.1±13.8 nmol/L with no differences among groups at baseline. During the 8-wk 
Loading Phase, the supplementation of 2000 IU/d of vitamin D3 raised serum 
25(OH)D to a mean value of 65 nmol/L in all groups. In the RCT segment of the 
trial, the groups receiving 500 IU/d or 1000 IU/d were able to maintain serum 
25(OH)D above 65 nmol/L. After the 24 weeks of vitamin D3 fortification, serum 
25(OH)D mean values increased to 74±16.5 nmol/L in the 500 IU/d group and to 
79±17.2 nmol/L in the 1000 IU/d group. After 8 of the 24 weeks, the Placebo 
group reverted back to the values of 25(OH)D concentrations reported at the 
beginning of the study, demonstrating that dietary intakes alone were insufficient 
to maintain 25(OH)D concentrations. Biomarkers of bone metabolism measured 
were all maintained over time. Results from the pQCT demonstrated a decline 
over time in trabecular vBMD for the group receiving 500 IU/d and in vBMD at 
the diaphysis for the group receiving 1000 IU/d. Total bone area measured in the 
diaphysis improved from 177.0±27.3 to 186.8±31.9 mm3 in the 1000 IU/d group. 
Muscle area decreased in all groups over time. Muscle density was maintained 
over time. Supplementation of 1000 IU/d modestly improved areal bone mineral 
density (aBMD) and maintained handgrip strength over time. Participants 
preferred consuming fortified foods compared to tablets. 

In conclusion, these studies suggest that vitamin D intakes are 
insufficient for elderly men in LTC facilities and that supplementation is required 
to achieve and maintain healthy vitamin D status. Despite the lack of 
improvement vBMD values, the group receiving 1000 IU/d of vitamin D3 
improved bone area of the proximal 1/3th forearm suggesting remodeling with 
incomplete mineralization. In all groups, muscle area decreased but muscle 
density was maintained over time. As handgrip strength was improved in the 
1000 IU/d group, this supports that vitamin D3 could positively influence muscle 
strength and, possibly reduce the risk of falls and subsequent fractures. 
Additional research will be needed to better understand the interrelationships 
among vitamin D and musculoskeletal health in elderly men residing in LTC.
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