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Abstract 

Vitamin D is a secosteriod hormone with a key role in increasing the intestinal 

absorption of calcium and plays a key role in bone metabolism. Older adults, in 

particular those residing in care homes, are susceptible to vitamin D deficiency owing to 

lack of sunlight exposure, poor dietary intake of vitamin D, medication use, 

compromised renal function and lack of supplementation. The overall aims of this thesis 

were to determine, for the first time, the vitamin D status and prevalence of vitamin D 

deficiency in care home residents in Northern Ireland (NI), investigate factors which 

impact vitamin D status and to determine the association between vitamin D, 

musculoskeletal health outcomes and inflammatory cytokines. Dietary contribution of 

vitamin D and other nutrients important for bone health was investigated within care 

home menus in NI. Additionally, given recent evidence highlighting a role for n-3 long 

chain polyunsaturated fatty acids (LCPUFA) in benefiting bone heath, an investigation 

into the associations of long chain polyunsaturated fatty acids with bone mineral density 

and bone turnover markers in postmenopausal women was completed. 

An extensive critical review of the literature on the vitamin D status of older adults in 

care homes across the globe outlined a high prevalence of vitamin D deficiency and 

identified that those residents that were severely deficient, deficient or insufficient 

require remedial supplementation prior to maintenance supplementation to improve 

vitamin D status. In addition, promising findings in relation to intervening with vitamin 

D and calcium fortified foods for resultant benefits to health outcomes in care home 

residents were summarized identifying that more research is required in this area.  

An observational study in care home residents in NI identified vitamin D deficiency and 

insufficiency in 34.8% and 17.4% of residents. 25-hydroxyvitamin D (25(OH)D) 

concentration was not an independent predictor of T-score, muscle strength, timed up 
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and go (TUG) or inflammatory cytokines albeit, higher 25(OH)D concentration was 

associated with lower bone turnover. Vitamin D ± calcium supplementation was a 

significant predictor of a higher 25(OH)D concentration albeit many residents were not 

taking any form of vitamin D supplementation. Building on this, nutrient contribution of 

care home menus in NI identified low dietary contribution  of vitamin D (3.7µg vitamin 

D/day) and that the inclusion of vitamin D fortified milk would increase intakes by 

40.5%. Secondary analysis of a well-defined cohort of postmenopausal women, a 

vulnerable group also at risk of osteoporosis similarly to care home residents, showed 

that a low n-6:n-3 ratio was associated with higher femur bone mineral density (BMD) 

and a higher n-3 LCPUFA (ALA) was associated with lower bone resorption.  

In this thesis, the benefit of both vitamin D and n-3 LCPUFA for the prevention of bone 

loss in care home residents and postmenopausal women has been demonstrated, thus the 

introduction of fortified milk or rich dietary sources of vitamin D and n-3 LCPUFA 

could be a protentional intervention to improve dietary intake of vitamin D in these 

groups. In addition, mandatory vitamin D ± calcium supplementation for care home 

residents within NI may be required to ensure vitamin D deficient residents reach 

sufficiency. 
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Chapter 1:  

General Introduction 
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Vitamin D 

Vitamin D is a fat soluble secosteriod hormone. The two most commonly occurring 

forms of vitamin D are vitamin D3 (cholecalciferol), obtained from animal sources and 

vitamin D2 (ergocalciferol), obtained from plant sources. Dermal synthesis of vitamin D 

after ultraviolet-B (UVB) radiation is considered the primary source of vitamin D. 7-

dehydrocholesterol in the skin absorbs UVB radiation (wavelength 290-315nm) and is 

converted to pre-vitamin D3, which in turn isomerizes into vitamin D3. Individuals from 

northern latitude countries, where synthesis of vitamin D is limited to the summer 

months, are therefore reliant on dietary sources of vitamin D, which can be limited (oily 

fish, liver eggs, mushrooms).  

Vitamin D metabolism 

Vitamin D2 and D3 are biologically inactive and require enzymatic conversion to their 

active forms. Firstly, 25-hydroxylation in the liver to 25-hydroxyvitamin D (25(OH)D; 

calcidiol) occurs, which is the major circulating form of vitamin D, with a half-life of 2-

3 weeks. This is considered the gold standard measurement of vitamin D status and is 

routinely used in clinical practice. Secondly, conversion in the kidneys through 1-alpha-

hydroxylation to its most active form, 1,25(OH)2D (calcitriol), with a half-life of 4-6 

hours takes place. The 1-alpha-hydroxylation also occurs in non-renal sites, such as 

osteoblasts, lymph nodes, placenta, colon, breasts and keratinocytes which suggests a 

potential autocrine-paracrine role of 1,25(OH)2D. 1,25(OH)2D functions through 

vitamin D receptors (VDRs) which are universally expressed in nucleated cells and play 

an important role in promoting enterocyte differentiation, intestinal calcium absorption 

and facilitating calcium homeostasis (Chang & Lee, 2019). 
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Vitamin D cut-offs 

In order to define 25(OH)D concentrations into categories for status, the cut-off used 

varies significantly from country to country and across different advisory 

bodies/scientific societies. Although there is currently no consensus on the optimal 

concentration of 25-hydroxyvitamin D (25(OH)D), The National Institute for Health 

and Care Excellence (NICE) and the Scientific Advisory Committee for Nutrition 

(SACN) in the United Kingdom  define deficiency as a 25(OH)D concentration <25 

nmol/L (NICE, 2020; SACN, 2016) whereas other advisory bodies such as the 

European Food Safety Authority and the United States National Academy of Medicine 

(formerly the Institute of Medicine) and Nordic Council of Ministers (NORDEN) use 

25(OH)D <30nmol/L to indicate an increased risk of deficiency.  

In contrast, SACN have set the lowest level for defining sufficiency (25 nmol/L) of any 

national advisory body or scientific society (IOM/EFSA/NNR: 25(OH) D >50nmol/L & 

Endocrine Society: 25(OH) D >55nmol/L) which could result in under-reporting of 

deficiency in vitamin D particularly in vulnerable groups such as care home residents. 

Vitamin D and ageing 

As a result of the natural process of ageing, the formation of 1,25(OH)2D becomes 

compromised. Although the body will attempt to maintain serum calcium concentration 

directly by secondary hyperparathyroidism, reduced skin synthesis of vitamin D, 

decrease in VDR and reduced conversion of 25(OH)D to 1,25(OH)2D in the kidneys 

due to reduced renal function, all contribute to the development of low concentrations of 

1,25(OH)2D in older adults  (Gallagher, 2013). Several additional factors can result in 

vitamin D deficiency in older adults including lack of sunlight exposure, insufficient 

dietary intake of vitamin D, lack of supplementation, medication use and compromised 

mobility. Care home residents, who are usually frailer, prescribed several medications 
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and suffer from multiple comorbidities, are at an even greater risk of vitamin D 

deficiency than community dwelling older adults (Griffin et al. 2020) and yet little is 

known about the vitamin D status or bone health in this vulnerable group. 

Vitamin D status & deficiency 

To date the majority of observational studies in care home residents have reported a 

mean 25(OH)D concentration <25nmol/L (McWilliams et al. 2011; Pilz et al. 2012; 

Trummer et al. 2012; Diekmann et al. 2013; Peláez et al. 2015; Shinkov et al. 2016) or 

between 25-50nmol/L (Kuwabara et al. 2010; Portela et al. 2010; Oudshoorn et al. 

2012; Terabe et al. 2012; Maeda et al. 2013; Samefors et al. 2014; Törmä et al. 2015; 

Arnljots et al. 2017; Kucukler et al. 2017; Griffin et al. 2020; Okan et al. 2020), with 

very few observational studies reporting a mean 25(OH)D concentration >50nmol/L 

(Sitter et al. 2011; Navarro-martinez et al. 2016; Kruavit et al. 2012; MacDonell et al. 

2016; Schwartz et al. 2018). It has been shown that vitamin D supplement use results in 

a significantly higher vitamin D status compared to non-supplement users which in one 

study was attributed to universal supplementation policy of 50,000IU/month vitamin D3 

(MacDonell et al. 2016).  

Limited evidence to date suggests that vitamin D deficiency is widespread in care home 

residents across the globe (Portela et al. 2010, Verhoeven et al. 2012, Trummer et al. 

2012, Diekmann et al. 2013, Samefors et al. 2014). Prevalence of vitamin D deficiency 

has been shown to range from 8% (Sitter et al. 2011) to upwards of 80% (Samefors et 

al. 2014) and over 90% (Portela et al. 2010; Diekmann et al. 2013) in some cohorts of 

care home residents. In the UK, SACN reported that some 40% of institutionalized 

older adults have a 25(OH)D concentration <25nmol/L (SACN, 2016). Currently, there 

is no evidence available on the prevalence of vitamin D deficiency in care home 

residents in NI, with the only data available in the Republic of Ireland identifying that 

42% of care home residents were vitamin D deficient (25(OH)D <25 nmol/L) (Griffin et 
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al. 2020). This was cross-sectional analysis of patients admitted to Galway University 

Hospital therefore may not be a true representative cohort of care home residents owing 

to all participants being under hospital care for a medical reason. 

Vitamin D recommendations 

Recommendations for vitamin D intake vary greatly from country to country and across 

different advisory boards.  In the United States, the National Institutes of Health (NIH) 

recommends 600IU (15µg) each day for those 51–70 years old and 800IU (20µg) for 

those >70 years and in the Republic of Ireland 600-800IU (15-20µg) is recommended 

for older adults (FSAI, 2021). In contrast to this, within the United Kingdom, SACN 

recommend supplementation with 400IU (10µg) per day for the general population, and 

all year-round supplementation in groups with limited sunlight exposure. There are 

currently no specific recommendations for care home residents in the UK, a group at 

significant risk of vitamin D deficiency. 

Vitamin D dietary intakes 

There is a lack of available literature reporting on the vitamin D intakes in care home 

residents. Often dietary intake of vitamin D is not accounted for in observational studies 

making it difficult to interpret actual intakes of vitamin D in care home residents. From 

the paucity of literature available, intakes vary significantly from study to study, 

reporting as little as 1.27µg in a Spanish cohort (Portela et al. 2010), 2.3µg in a 

Brazilian cohort (Sousa et al. 2019), between 2.5-10µg in a Bulgarian cohort (Shinkov 

et al. 2016) and up to 7µg in a Japanese cohort (Kuwabara et al. 2010). In the UK, 

SACN reported that dietary intakes (from all sources including supplements) of older 

adults (≥65 years) were 5µg/day and institutionalized older adults even less at 3-4 

µg/day. Strategies to significantly improve the dietary intakes of care home residents 

across the globe should be considered. 
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Vitamin D supplementation 

In addition to the lack of available information on dietary intake in care home residents, 

there is also a lack of available literature on vitamin D supplementation in care home 

residents, with supplement users often excluded from observational studies (Okan et al. 

2020; Navarro-Martinez et al. 2016) making it difficult to interpret supplement use in 

residents and its effect on vitamin D status. Vitamin D supplement use has been 

reported to range from as low as 0% (Shinkov et al. 2016), 5.9% (Sousa et al. 2019), 

17% (Arnljots et al. 2017), 28.7% (Diekmann et al. 2013) and 36.1% (Kojima et al. 

2017), up to 75% in one cohort where a universal government supplementation policy 

was in effect (MacDonell et al. 2016).  

Vitamin D and its relationship with health outcomes 

It is well established that vitamin D plays a key role in musculoskeletal health. Bones, 

muscles, tendons, ligaments and soft tissue all form part of the musculoskeletal system. 

Common disorders of the musculoskeletal system which affect older adults include 

osteoarthritis, rheumatoid arthritis, tendonitis and osteoporosis (Lewis et al. 2019).  

Sufficient vitamin D and calcium are required in order to maintain blood concentrations 

of calcium, prevent a negative calcium balance and a compensatory rise in PTH, which 

can result in excessive bone resorption and associated osteoporosis/fractures. Although 

supplementation with vitamin D alone has shown no significant benefit on fracture risk 

reduction, vitamin D in addition to calcium may be a more promising strategy. 

Additional research is needed to further substantiate these findings (Yao et al. 2016). 

Vitamin D has been shown to influence muscle size & strength and neuromuscular 

performance, however, with advancing age, a significant reduction in muscle mass 

occurs which is associated with vitamin D deficiency (Gunton & Girgis, 2018) resulting 

in fragility and frequent falling in care home residents. Therefore, combating vitamin D 

deficiency with supplementation and food fortification could be a potential solution. 
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With this said, vitamin D supplementation to improve muscle function is complex, with 

some studies reporting a U-shaped curved, showing that although vitamin D 

supplementation resulted in improvements in mobility, this can be associated with an 

increased risk of falling therefore an individual’s history of falling should be taken into 

consideration when deciding on which dose of vitamin D supplementation to administer 

(Smith et al. 2017).  

With VDR widely expressed in many cells and organs throughout the body, evidence 

has identified a beneficial role for vitamin D for prevention of cancer, cardiovascular 

diseases, diabetes, diseases of the immune system, neuropsychiatric disorders (Wang et 

al. 2017) and most recently for the prevention and treatment of SARS-CoV-2 (COVID-

19) (Teshome et al. 2021), which could be particularly important for care home 

residents who were significantly impacted by this virus and whom within death rates 

were high (England Office for National Statistics, 2020). Vitamin D can modulate the 

innate and adaptive immune responses, with deficiency in vitamin D associated with an 

increased susceptibility to infection (Aranow, 2011). Vitamin D has been shown to 

increase the production of anti-microbial peptides such as cathelicidin and suppresses 

immune responses mediated by Type 1 T helper cells which can produce inflammatory 

cytokines (Wei & Christakos, 2015). Therefore, it is more important than ever for care 

home residents to achieve sufficient 25(OH)D concentrations for their health and well-

being.  

n-3 long chain polyunsaturated fatty acid and its relationship with bone health 

Postmenopausal women are a vulnerable group at increased risk of developing 

osteoporosis and associated fractures owing to the natural decline of estrogen after the 

menopause (Ji & Yu, 2015) with more recent evidence linking age related osteoporosis 

with inflammation. Recent evidence suggests that n-3 long chain polyunsaturated fatty 

acids (LCPUFA) may have a beneficial effect on bone health and prevent bone loss 
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(Kim et al. 2019; Sharma & Mandal, 2020; Martyniak et al. 2021; Romero-Márquez et 

al. 2021). A higher dietary intake of n-3 LCPUFA and fish have been shown to be 

positively associated with bone mineral density (BMD) at the lumbar spine and femur 

(Nawata et al. 2013; Kim et al. 2019) and reduction of total fracture risk in 

postmenopausal women (Orchard et al. 2010; Roncero-Martín 2021). With Vitamin D 

and n-3 LCPUFA shown to benefit bone health and inflammatory and immune 

responses (Itariu et al. 2013), the introduction of oily fish, a rich source of both n-3 

LCPUFA and vitamin D into the diet of vulnerable groups such as postmenopausal 

women and care home residents could be a potential intervention to benefit bone health, 

reduce inflammation and benefit overall health and well-being.  

It is clear that there is a lack of available information on the vitamin D status and bone 

health of care home residents in NI, who could be at particular risk of vitamin D 

deficiency. In addition, there is a lack of available information on factors impacting on 

vitamin D status and musculoskeletal health outcomes in this vulnerable group. 



9 

Thesis aims: 

This thesis aimed to determine the vitamin D status of care home residents in NI and to 

investigate factors which impact vitamin D status and musculoskeletal health. The 

objectives of the thesis were to provide:  

1. A systematic review of the vitamin D status of older adults in care homes across 

the globe. Intervention studies to improve vitamin D status and health outcomes 

in care home residents were also reviewed. (Chapter 2) We hypothesis that 

vitamin D deficiency will be highly prevalent across the globe. 

2. An investigation into the vitamin D status and musculoskeletal health of older 

adults in care homes in NI: an observation study. (Chapter 3) We hypothesis 

that vitamin D status and musculoskeletal health will be suboptimal. 

3. Contribution of care home menus to dietary intake of vitamin D in residents: 

modelling based on analysis of menus with and without fortified milk. (Chapter 

4) We hypothesis that dietary intakes of vitamin D will be lower than 

recommended. 

4. Due to the onset of the COVID-19 pandemic and restrictions to recruitment of 

care home residents, the planned intervention study was not possible to 

complete. Therefore, continuing with the aim of nutrition and bone health, a 

convenient sample of postmenopausal women was used to investigate 

associations between n-3 long chain polyunsaturated fatty acids (LCPUFA) with 

BMD and bone turnover markers. (Chapter 5) We hypothesis that a higher 

serum n-3 LCPUFA concentration will be positively associated with BMD and 

negatively associated with bone turnover markers. 
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Abstract 

Background & Aims Vitamin D deficiency is a global public health issue particularly 

in older adults, albeit little is known about the prevalence of vitamin D deficiency in 

care home residents. This review aimed to critically summarise the prevalence of 

vitamin D deficiency in care home residents worldwide. In addition, it outlines the 

effect of vitamin D intervention, alone or in combination with other nutrients/therapies, 

on improving vitamin D status and associated health outcomes in care home residents. 

Methods Searches were conducted in electronic databases for articles published from 

2010 to May 2021. Following screening of the 366 papers initially identified, 58 articles 

were included.  

Results A paucity of observational studies in care homes suggests a high prevalence of 

vitamin D deficiency ranging from 8%, up to 94% in some cohorts where supplement 

use was low. Reported factors associated with deficiency and suboptimal vitamin D 

status include lack of sunlight exposure, poor dietary intake of vitamin D, limited 

vitamin D food fortification, frailty, poor renal function and low use of vitamin D 

supplements. Residents that are severely deficient, deficient/insufficient in vitamin D 

appear to require remedial vitamin D supplementation prior to maintenance 

supplementation at doses >800IU/day. High dose vitamin D supplementation may 

reduce respiratory illness however supportive data is limited. Oral nutritional 

supplements, in combination with exercise may benefit physical function and 

performance whereas supplementation with vitamin D/calcium fortified foods has been 

associated with improved quality-of-life and reduced bone resorption.  

Conclusion Globally, vitamin D deficiency is highly prevalent in care home residents. 

There is an urgent need for standardised dietary and supplementation guidelines to 

prevent deficiency in this vulnerable group.  
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Introduction 

Vitamin D deficiency is a global public health issue frequently observed in older adults. 

The National Institute for Health and Care Excellence (NICE) guidelines define 

deficiency as a circulating 25-hydroxyvitamin D (25(OH)D) concentration below 25 

nmol/L resulting in an increased risk of poor musculoskeletal health (NICE, 2020). 

Traditionally research has focused on the role of vitamin D for the maintenance of 

musculoskeletal health whilst more recently it is evident that poor vitamin D status can 

negatively impact on other health outcomes including physical and mental well-being. 

Non-classical roles of vitamin D in health include protection from bacterial and viral 

infections, better lung function, benefits to the cardiovascular and nervous system as 

well as the prevention of some cancers (Boucher, 2012).  

Ergocalciferol (vitamin D2) is sourced from the UV irradiation of ergosterol, which is a 

steroid found in some plants but largely in fungi (Tripkovic et al. 2012). Vitamin D3 

(cholecalciferol) is the natural form of vitamin D and is not biologically active. Its 

activation is dependent on the solar ultraviolet irradiation of 7-dehydrocholesterol 

(present in the skin) which leads to the formation of pre-vitamin D3. Vitamin D can also 

be sourced through the diet (eggs, fish, fortified foods) however, very few foods contain 

sufficient amounts making it challenging to achieve requirements through diet alone 

(Christakos et al. 2015). Vitamin D binding proteins transport vitamin D within the 

blood to the liver where hydroxylation of the C-25 carbon occurs, catalysed by the 

vitamin D hydroxylase enzyme leading to the production of 25-hydroxvitamin D3. 

Vitamin D binding protein transports 25-hydroxvitamin D3 to the kidney where further 

hydroxylation at the C-1 carbon occurs, catalysed by the 1α hydroxylase enzyme to 

form the active form of vitamin D; 1,25-dihydroxyvitamin D3 (Tsai et al. 1984; 

Gallagher, 2013). Nevertheless, assessment of 25(OH)D concentration is routinely used 

in practice to measure status due to the short half-life and low circulating levels of 1,25-
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dihydroxyvitamin D3 (Holick et al. 2009). Active 1,25-dihydroxyvitamin D3 interacts 

with ligand-dependent transcription factors known as vitamin D receptors (VDRs). 

VDRs form a heterodimer with the retinoid receptor to regulate gene transcription by 

binding to vitamin D responsive elements (VDREs) in the promoter region of target 

genes. VDRs are located in a variety of tissues and organs not just those directly 

implicated in calcium homeostasis such as bone, kidneys and parathyroid gland, 

suggesting that vitamin D may have a broad range of functions such as control of 

immune responses, embryogenesis and carcinogenesis (Veldman et al. 2000; Lanske & 

Razzaque, 2007). 

Several factors can impact on the metabolism of vitamin D such as parathyroid 

hormone, which stimulates 1α hydroxylase activity potentially through acting on the 

promoter region of the enzyme. With advancing age, metabolism of vitamin D and 

calcium becomes compromised, resulting in diminished calcium absorption, 

compromised renal production of 1,25-dihydroxyvitamin D3, decreased VDR and 

intestinal resistance of calcium absorption to circulating 1,25-dihydroxyvitamin D3 

(Lanske & Razzaque, 2007; Gallagher, 2013). This, in addition with other factors 

associated with ageing such as poor dietary intake, medication use, increasing adiposity 

and lack of time spent outdoors (owing to frailty and/or compromised mobility) (figure 

1), significantly places older adults and in particular care home residents at risk of 

vitamin D deficiency (Van Schoor & Lips, 2017). Given the most recent SARS-Cov-2 

(COVID-19) global pandemic, the vulnerability of care home residents has been 

highlighted, with the role of vitamin D in the prevention and treatment of acute 

respiratory infections (ARIs) receiving great attention (Lanham-New et al. 2020). 

Numerous systematic reviews and meta-analyses demonstrate that low vitamin D status 

is significantly associated with a higher risk of COVID-19 infection (Lie et al. 2021; 

Petrelli et al. 2021; Teshome et al. 2021) along with increased mortality and severity of 
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disease (Petrelli et al. 2021). The COVID-19 pandemic resulted in high death rates in 

care home residents who are already at increased risk of viral infections owing to 

compromised immunity associated with ageing. With the proven benefit of vitamin D 

for immune function it is more important than ever to improve vitamin D status in this 

group. 

Little is known about the vitamin D status or dietary intakes of care home residents 

across the globe and consequently there are currently no specific recommendations for 

dietary intake or supplementation in this vulnerable group most at risk of deficiency. A 

limited number of observational studies have assessed the vitamin D status of older 

adults in care homes, with the available evidence, summarised in this review, suggesting 

a high prevalence of vitamin D deficiency. Older adults are recommended to consume 

between 10-20µg vitamin D/day depending on the target vitamin D status (ranging from 

25(OH)D concentration ≥25-75nmol/L) and/or the functional outcome being 

investigated (Holick et al. 2011; Ross et al. 2011; SACN, 2016; FSAI, 2021), however 

it is unclear if care home residents are actually meeting these recommendations. 

The present review summarises the available evidence on the vitamin D status of care 

home residents and critically discusses the effect of vitamin D supplementation, alone 

and in combination with other nutrients/therapies, on improving vitamin D status and 

health outcomes.  
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Methods 

Search methods for identification of studies  

Searches were conducted in Medline (Ovid) and CINAHL in May 2021. The search 

strategy consisted of combinations of ‘Nursing Homes’, ‘Residential Facilities’, ‘Homes 

for the aged’, ‘Aged’, ‘Aged, 80 and Over’, ‘Vitamin D’, ‘Cholecalciferol’ and 

‘Ergocalciferols’. Key words were chosen based on what was suggested by each 

database (Appendix 1). The term ‘care home’ was not included as a search term as its 

description was ‘care at home’ which does not meet the inclusion criteria for this 

review. The search was limited by publication year (from 2010 to May 2021), English 

language and human only studies before screening. 

Eligibility criteria  

Articles were deemed eligible for inclusion if they were completed in older adults, at 

least one group in the study were care home residents and reported either blood 

concentrations of vitamin D or percentage vitamin D deficiency/sufficiency. 

Observation studies were included if they reported vitamin D status or percentage 

vitamin D deficiency/sufficiency of care home residents. Intervention studies were 

included if they examined the effect of vitamin D supplementation on vitamin D status 

or any health outcome such as falls, fractures, ARIs or muscle strength. Intervention 

studies were also included if they examined the effect of vitamin D supplementation in 

combination with other nutrients/therapies on any health outcome as previously 

described. Only human focused research articles which were published in English 

language and published after 2010 were eligible to be included in this review. 

Systematic reviews, literature reviews, meta-analyses, case reports, letters, animal/in 

vitro studies, non-English language, retracted papers, no vitamin D status or figures on 

deficiency/sufficiency and papers published before 2010 were excluded from the 
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analysis. For the purpose of this review, if a research paper reported more than one 

study within the research article or reported findings on more than one group of 

participants other than care home residents (e.g. diabetic cohort, children, and 

community dwelling older adults) the data was not presented for that group.  A PICO 

strategy (Participants, Intervention, Comparison, Outcomes) was developed to define 

inclusion and exclusion criteria for intervention studies (Table 1). All vitamin D status 

concentrations were reported in nmol/L for consistency. 

Study selection and data extraction 

Article results from the database searches were exported to Refworks and duplicates 

were removed. Paper titles and abstracts were screened for eligibility using the criteria 

outlined above. Relevant information including age, gender, country, vitamin D status, 

percentage of deficiency/sufficiency, intervention type and relevant results and 

conclusions was extracted from the articles. 

Quality assessment 

To best assess the quality of eligible studies, the Newcastle-Ottawa scale (Wells et al. 

2011) and the adapted Newcastle-Ottawa scale for observation studies were used to 

assess cohort, case-control and observational studies. The studies were scored using a 

pre-defined staring system, in which more stars corresponded to better quality. For 

intervention studies, The Cochrane Collaboration’s tool for assessing risk of bias 

(Higgins et al. 2011) was used as a method of quality assessment. This tool assesses 

areas at risk of bias within studies such as random sequence allocation, allocation 

concealment, performance, detection, attrition and reporting bias. The studies were then 

rated as ‘low’, ‘unclear’ or ‘high’ risk of bias in each of these areas.  

 

 



26 

Results 

A total of 366 papers were identified from the database searches, 308 of which were 

removed as follows: 90 papers were duplicates, 51 were systematic reviews/literature 

reviews/meta-analyses and 167 were excluded following title, abstract and full text 

screening (Figure 2). The final number of articles included in the review was 58. Of the 

58 studies, we identified 26 observation studies (Table 2), 18 vitamin D intervention 

studies to improve vitamin D status (Table 3) and 14 studies which intervened with 

vitamin D alone or in combination with other nutrients/therapies and assessed health 

outcomes (Table 4).  For cohort, case-control and cross-sectional studies, 2/32 studies 

scored 13/13 stars and 10 studies scored 10 or above stars. For intervention studies, 25 

studies scored low risk of bias in the categories of reporting bias, 17 studies in 

attribution bias and 19 studies in random sequencing allocation selection bias. 

Allocation concealment bias and performance bias varied across the studies with nearly 

half reporting either high or low risk of bias. Detection bias had the greatest number of 

studies with unclear risk of bias. 

Discussion 

Vitamin D status of older adults in care homes 

Vitamin D deficiency can have a significant impact on the health and welfare of older 

adults in care homes (Lips et al. 2019); to date, 26 studies have reported on the vitamin 

D status of this population (Table 2) (1 study reported prevalence of vitamin D 

deficiency only) (Verhoeven et al. 2012). Vitamin D concentrations ranged from 

17nmol/L to 115nmol/L and reported incidence of vitamin D deficiency ranged from 

8%, up to 94% in some cohorts where supplementation use was low (Diekmann et al. 

2015). Higher concentrations of vitamin D were associated with vitamin D supplement 

use (MacDonell et al. 2016), as well as all year-round sunlight exposure (Kruavit et al. 
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2012). Deficiency and suboptimal vitamin D status were frequently reported in studies 

where residents had limited sunlight exposure and where dietary intake of vitamin D 

was poor (Kuwabara et al. 2010; Portela et al. 2010). Furthermore, a lack of vitamin D 

food fortification, frailty, low use of vitamin D supplements (Diekmann et al. 2015) and 

poor renal function (Terabe et al. 2012) were associated with a lower vitamin D status.  

Thirteen studies did not report the proportions of deficiency/sufficiency or any form of 

cut-off data (Table 1), making it difficult to draw conclusions on the exact prevalence of 

vitamin D deficiency in care home residents. Although <50nmol/L was the preferred 

cut-off to define deficiency, possibly owing to the guidance given by the IOM in 2011 

(Ross et al. 2011), not all studies followed this approach, and some used a much lower 

cut-off such as <25nmol/L. If the cut-off of <50nmol/L was applied to all studies an 

even greater degree of deficiency would have been reported. Prevalence of 25(OH)D 

concentration >75nmol/L, deemed optimal for effects on vitamin D on calcium, bone, 

and muscle metabolism and non-skeletal outcomes, e.g. immune function (Holick et al. 

2011; SACN, 2016), ranged from as low as 0% (Portela et al. 2010) to 28.8% (Sousa et 

al. 2019) and as high as 87.1% in in one cohort where supplement use was frequent 

(MacDonell et al. 2016). With a high prevalence of vitamin D deficiency and sub-

optimal status, there is a clear need for specific guidelines to improve the vitamin D 

status of care home residents across the globe. 

Supplement use was not reported in ten studies and a further six studies excluded 

participants if they were taking vitamin D supplementation. Supplementation has been 

shown to be effective in improving vitamin D status in New Zealand where a 

government funded universal supplementation programme in care home residents 

contributed to the prevention of vitamin D insufficiency, with only 1.5% of supplement 

users having a vitamin D status <50nmol/L compared to 65.3% in non-supplement users 

(MacDonell et al. 2016). Despite its importance for vitamin D synthesis, time spent 
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outdoors exposed to sunlight was reported by three of the 26 studies, with one study 

highlighting that residents had only a few minutes of sun exposure on an active day 

(Portela et al. 2010). In addition, no studies have been conducted in countries of 

northern latitudes such as Sweden, Denmark and Northern Ireland, where the ability to 

synthesize vitamin D from sunlight exposure is limited to the spring/summer months 

(Webb et al. 2018). Older adults that are immobile, have dementia or are unable to go 

outdoors could be at an even greater risk of lower vitamin D status due to negligible 

sunlight exposure (Littlejohns et al. 2014). With sunlight exposure low throughout the 

year and reported dietary intake of vitamin D as little as 1.27µg/day (Portela et al. 

2010), vitamin D supplementation and/or food fortification may be more relevant 

strategies to prevent vitamin D deficiency in this group.  

Medication use was considered in five studies and in all cases was not significantly 

associated with vitamin D status (McWilliams et al. 2011; Verhoeven et al. 2012; 

Diekmann et al. 2015; MacDonell et al. 2016; Sousa et al. 2019). Chronic diseases 

associated with ageing often require the frequent use of medications and several drugs 

such as anti-epileptic drugs, statins, anti-inflammatory agents and anti-hypertensives 

can interfere with vitamin D and bone metabolism (Gröber & Kisters, 2012). Regular 

monitoring of vitamin D status would be beneficial, taking into consideration potential 

contraindications of medication to better understand and limit adverse drug reactions 

and/or improve the efficacy of various drugs (Gröber & Kisters, 2012).  A large 

proportion of studies did not report data on the incidence of dementia or cognitive 

impairments, conditions that are highly prevalent in care home residents (Stewart et al. 

2014; Knapp et al. 2016), or excluded residents based on these criteria. Inclusion of 

such participants in future studies would make for a more representative cohort and may 

help determine the true prevalence of vitamin D deficiency in all care home residents. 

Another potentially important covariate for vitamin D status is body mass index (BMI).  
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Some research to date has shown that a higher BMI is associated with a lower 25(OH)D 

concentration (Maeda et al. 2013), a lower 25(OH)D response to supplementation in 

older adults and is a risk factor for vitamin D deficiency in care home residents (Kojima 

et al. 2013). Therefore, consideration should be given to the individuals’ BMI when 

deciding on the dose of vitamin D supplementation required to restore status to 

sufficiency. 

Supplementation of vitamin D and its effect on raising vitamin D status  

Vitamin D interventions have explored a variety of routes of administration including 

capsules, liquid drops, intramuscular injection and sunlight/UV exposure (Table 3). Oral 

supplementation (capsule/liquid) of vitamin D3 was the most frequently reported 

method of administration albeit there is controversy regarding the best form/type of 

vitamin D supplementation for use in intervention studies 25(OH)D in older adults. 

Some studies suggest that vitamin D3 (cholecalciferol) is most effective in raising 

25(OH)D concentration in comparison to vitamin D2 (Romagnoli et al. 2008). It has 

been proposed that both these calciferols have different binding affinities for VDR and 

in addition vitamin D3 is the favoured substrate for liver 25-hydroxylase and should be 

the favourable choice for supplementation (Tripkovic et al. 2012). The studies within 

the present review intervened with both vitamin D3 and D2, the majority with D3. 

Duration of supplementation ranged from 4 weeks to 1 year, dose regime ranged from 

0-4000IU/day, 5,600-100,000IU/week or 400,000IU every 2 weeks and method of 

administration included loading doses (LD) (Delomas et al. 2017) followed by a 

maintenance dose (MD) (Wijnen et al. 2015; Toren-Wielema et al. 2018), once off 

‘megadoses’ (Tellioglu et al. 2012), daily dose (DD) (Schwalfenberg & Genuis, 2010; 

Dinizulu et al. 2011; Shin & Minden, 2011; Ioannidis et al. 2012) and DD vs weekly 

supplementation (Feldman et al. 2014; Schwartz et al. 2016; Mol et al. 2018). 
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Vitamin D supplementation regimens to normalise vitamin D status in care home 

residents with severe deficiency/deficiency/insufficiency was investigated in four 

studies (Shin & Minden, 2011; Tellioglu et al. 2012; Wijnen et al. 2015; 

Mueangpaisarn & Chaiamnuay, 2020). Regardless of the description of deficiency, all 

studies applied a vitamin D status cut-off of <50nmol/L for inclusion in their study and 

aimed to increase 25(OH)D concentration to >75nmol/L following supplementation. In 

terms of the most effective dose and duration for reaching sufficiency in residents, as 

expected the two interventions which were the highest dose, once off intramuscular 

(IM) injection of 600,000IU vitamin D3 or 100,000IU vitamin D2/week for 12 weeks, 

appeared to be most efficacious. With this said, it is important to note that research has 

shown very high dose vitamin D supplementation to result in some negative effects in 

older adults, including increased risk of falls and fractures, therefore more modest doses 

of daily or weekly supplementation may be favourable. It is also important to note that 

given the favourable nature of vitamin D3, supplementation with vitamin D3 instead of 

vitamin D2 should be encouraged and could potentially lead to sufficiency being 

reached quicker (Itkonen et al. 2016). These findings are comparative to the NICE 

guidance on the most appropriate treatment regimen for those with vitamin D 

deficiency, recommending 300,000IU administered weekly or split over daily doses 

(DDs) for 6-10 weeks followed by a maintenance dose of ~800-2000IU daily or 

intermittently at a higher equivalent dose. In terms of applying a cut-off of >75nmol/L 

as optimal vitamin D status, The European Society for Clinical and Economic Aspects 

of Osteoporosis and Osteoarthritis (ESCEO) and the Endocrine Society recommend 

achieving a 25(OH)D concentration of 75nmol/L for optimal effects on skeleton and 

mobility and therefore >75nmol/L may be a useful target before maintenance 

supplementation is commenced. It was shown that non-responders to supplementation 

had a significantly higher BMI compared to responders, as well as a higher incidence of 
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renal insufficiency (Shin & Minden, 2011). A higher dose of supplementation such as a 

once off loading dose (LD) or LD followed by maintenance dose (MD) may be needed 

for those with a higher BMI. Those with renal insufficiency may need a lower dose of 

supplementation for a longer period of time such as 2,000IU/day (Delomas et al. 2017). 

In terms of daily supplementation of vitamin D, there appears to be a need for a higher 

dose than 800IU/day. A higher maintenance dose such as 2000-4000IU/day may be 

considered for certain groups such as those with malabsorption disorders or those with 

compromised metabolism of vitamin D.  Daily supplementation of vitamin D3 in 

combination with calcium was not any more effective at achieving sufficiency when 

compared to vitamin D alone (Dinizulu et al. 2011). Supplementation of 5600IU/week 

vitamin D3 was also shown to be effective for maintenance supplementation (Veleva et 

al. 2014; Mol et al. 2018), with 8000IU/week resulting in diarrhoea effects in some 

participants, potentially owing to vitamin D not being fully absorbed and therefore a 

lower dose of 5600IU/week was recommended (Mol et al. 2018). The effect of UVB 

and UV exposure on increasing vitamin D status through direct sunlight exposure and 

half body UVB irradiation has also been investigated in care home residents (Chel et al. 

2011; Sambrook et al. 2012; Durvasula et al. 2014; Samefors et al. 2020; Okan et al. 

2021). Overall, it was concluded that supplementation could be a more practical and 

effective intervention to improve vitamin D status. Adherence to sunlight exposure of 

30 minutes 5 days/week was a study limitation, with participants losing interest as time 

went on (Sambrook et al. 2012).  

In summary, the effect of a variety of intervention doses and durations on vitamin D 

status have been investigated however, owing to the limited data available and 

heterogeneity in study design, it is difficult to draw definitive conclusions. 

Supplementation should be initiated at the earliest point (Diekmann et al. 2015), 

targeting individuals that are deficient/severely deficient at baseline so that higher dose 
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remedial supplementation is received prior to maintenance supplementation at a 

relatively lower dose. Monitoring vitamin D status to determine the most effective dose 

and duration of supplementation for the maintenance of vitamin D status at a desirable 

concentration post-intervention should also be encouraged. This has not been 

investigated to date, however, would provide useful information on whether individuals 

need to be on continuous supplementation for long periods of time to restore vitamin D 

status to a sufficient level and maintain it. 

Supplementation of vitamin D alone and in combination with other 

nutrients/therapies and its effect on health outcomes  

Several studies have investigated the effect of vitamin D supplementation both alone 

and in combination with other nutrients/therapies on health outcomes in care home 

residents (Table 4). The primary outcomes investigated include physical function and 

quality of life, ARIs and biological markers.  

Physical function 

Physical outcome measures and functionality were the most investigated outcomes. 

Two studies assessed the effect of the same vitamin D intervention on different 

outcomes (Bogaerts et al. 2011; Verschueren et al. 2011). Both studies showed that the 

higher vitamin D3 dose (1600IU/day) resulted in a greater vitamin D status albeit was 

not anymore superior to the lower dose (880IU/day) in resultant physical benefits. It 

was shown that whole body vibration did not add any further benefit to musculoskeletal 

health when compared to no training.  

Three studies assessed the effect of similar oral nutritional supplements (ONS) in 

combination with exercise training on physical function and performance (Abizanda et 

al. 2015; Corcoran et al. 2017; Franzke et al. 2019). ONS in addition to exercise 

improved function, nutritional status and quality of life, with a greater improvement 
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seen in frailer residents with lower vitamin D status and lower functionality (Abizanda 

et al. 2015). In comparison, others have shown that exercise training alone or in 

combination with ONS resulted in no additional physical benefits (Corcoran et al. 2017; 

Franzke et al. 2019). This finding may be attributed to the complex nature of 

introducing exercise in care home residents as well as a gradual decline in health in this 

group over the 6-month study period (Corcoran et al. 2017). In one study, a vitamin D3 

and calcium fortified bread improved overall score in quality-of-life (Costan et al. 

2014), nevertheless, owing to the small sample size and short study duration this pilot 

study should be seen as a model for a larger, more robust vitamin D supplementation 

study designed to assess physical and psychological effects in care home residents. 

Acute respiratory infections 

Only one study investigated the effect of vitamin D supplementation on ARIs as the 

main health outcome (Costan et al. 2014). Vitamin D deficiency has been associated 

with a negative effect on immunity leading to greater vulnerability to infection 

(Aranow, 2011). Vitamin D has been shown to have immunomodulatory effects on both 

the innate and adaptive immune system, modulate the expression of antimicrobial 

peptides, for instance cathelicidin, and impact on the inflammatory cascade via nuclear 

factor kappa-light-chain-enhancer of activated B cells (NFkB) (Gunville et al. 2013). In 

a cohort of care home residents, high dose vitamin D3 supplementation resulted in 

significantly lower ARIs per person-year and a greater incidence of falls than the 

standard dose (Ginde et al. 2017), which was proposed to be related to the greater 

mobility of these patients and in turn leading to a greater risk of falling. This U-shaped 

curve for vitamin D and falls has been reported by others and should be taken into 

consideration when deciding a supplementation regime for someone with a history of 

falling (Smith et al. 2017).  
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It is noteworthy that given the COVID-19 global pandemic, care home residents have 

been amongst the worst affected with death rates high. Several systematic reviews and 

meta-analyses have been conducted recently showing that a low serum 25(OH)D 

concentration is significantly associated with a higher risk of COVID-19 infection (Liu 

et al. 2021; Petrelli et al. 2021; Teshome et al. 2021), mortality and severity of COVID-

19 (Petrelli et al. 2021). More robust randomised controlled trials are needed to 

substantiate these findings and to investigate the potential beneficial role of vitamin D 

supplementation in the prevention and treatment of COVID-19 in care home residents. 

Biological markers 

Two studies have investigated vitamin D3 and calcium fortified dairy product 

intervention, both resulting in a significant increase in vitamin D status and a decrease 

in parathyroid hormone concentrations and the bone resorption markers carboxy-

terminal collagen crosslinks (CTX) and tartrate-resistant acid phosphatase-5b (Trap-5b) 

(Bonjour et al. 2011; Bonjour et al. 2013), albeit a higher dose of vitamin D3 than used 

in the study (400IU/day) would be required to reach a vitamin D status >50nmol/L.  

Both studies were conducted in a small sample of females and over a short period of 

time and further research is needed.  

Overall, ONS in combination with exercise may benefit physical function and 

performance whereas supplementation with vitamin D and calcium fortified foods has 

been associated with improved quality-of-life and reduced bone resorption. Most studies 

had small sample sizes, were short in duration, used low doses of vitamin D or a low 

degree of fortification. In addition, several studies had strict inclusion criteria limiting 

inclusion of frailer participants and did not have a control/placebo group.  
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Conclusion 

Globally, vitamin D deficiency is highly prevalent in care home residents, with reported 

rates ranging from 8%, up to 94%. Nevertheless, care home residents are still regularly 

underrepresented in observation and intervention studies (Lam et al. 2018) and there are 

currently no specific dietary or supplementation guidelines for this vulnerable group. 

Future studies should take into consideration the variety of factors impacting on a 

resident’s vitamin D status and residents with low 25(OH)D concentration require 

remedial supplementation with much higher doses of vitamin D prior to maintenance 

supplementation. The recommended maintenance supplementation dose is >800IU/day 

or weekly supplementation with 5600IU/week. ONS in combination with exercise has 

shown some benefit to physical function and performance in care home residents. 

Vitamin D3 and calcium fortified foods resulted in benefits in quality-of-life and 

reduction in bone resorption. High dose vitamin D3 supplementation may reduce 

incidence of ARIs however there are a lack of sufficient studies to date. There is an 

urgent need for standardised dietary and supplementation guidelines to prevent 

deficiency in this vulnerable group. 
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Figure 1. Factors impacting on vitamin D status in older adults 

  

Advancing age Low use of vitamin D supplementation 

Vitamin D status Poor dietary intake of vitamin D 

Poor skin integrity 

Increased adiposity 

Compromised mobility 
Lack of sunlight exposure 

Medication use Compromised metabolism 
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Figure 2. Prisma flow diagram. Search was limited by English language only and 

humans only and publication year 2010 in advance of search. *studies considered to be 

not suitable included literature reviews, systematic reviews, meta-analysis, letters, 

reports, animal/in vitro studies, retracted papers and no vitamin D status or figures on 

deficiency/sufficiency  

Records identified through database searching; 

Medline (Ovid) n= 244 

CINAHL Complete n= 122 

 

(Total n = 366) 

Records screened after removal of 

duplicates  

(n = 276) 

Articles assessed for eligibility 

(n = 276) 

Articles excluded 

Reviews/meta-analysis: n= 51 

Not suitable type of study* n= 167 

Studies included in review 

(n = 58)  

Duplicates removed  

(n = 90) 
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Table 1. PICOS criteria for inclusion and exclusion of intervention studies  

 Inclusion criteria Exclusion criteria 

Population Older adults in care homes Studies without at least one group 

of care home residents studied 

Humans only 

Intervention Vitamin D alone or in 

combination with other 

nutrients/therapy 

Studies that do not have at least 

one vitamin D intervention group 

Comparison Vitamin D status Studies without reported vitamin 

D status or figures on 

deficiency/sufficiency 

Outcomes Vitamin D status, adult health 

outcomes such as bone 

turnover markers, physical 

function etc 

Studies that did not measure 

vitamin D status or adult health 

outcomes 

Study designs Observation studies, RCTs, non 

RCTs 

Animal studies/in vitro studies, 

letters, literature reviews, 

systematic reviews, meta-analysis, 

retracted, non-English language, 

reports, no vitamin D status or 

figures on deficiency/sufficiency, 

published before 2010 
RCTs; Randomised control trials 
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Table 2. Vitamin D status of older adults in care homes 

Author & year 

Type of study 

Recruitment 

locations 

n Age 

(Yr) 

Mean 

(SD) 

Sex 

(n) 

Country 25(OH)D 

status 

(nmol/L) 

Mean (SD) 

25(OH)D 

cut-off for 

deficiency 

(nmol/L) 

% 

Deficiency 

Additional % 

25(OH)D Cut-off data 

BMI (kg/m2) 

 

Sunlight 

exposure  

Mean (SD) 

% 

Dementia/cognitive 

impairment 

 

% Vitamin D supp 

use 

Dietary vitamin 

D (µg/day) 

Dietary calcium 

(mg/day)  

Mean (SD) 

Portela et al. 

(2010) 
NR 

Social-status 

institutions 

97 C Spain: 

82 (7.1) 
Argenti

na: 81.3 

(7.9) 

97F; 

0M 

Spain & 

Argentina 

Spain: 29.25 

(5.8) 
Argentina: 

34 (6.1) 

<50 Spain: 90 

Argentina: 
86 

Spain 

47% Severely deficient 
(<25nmol/L) 

Argentina 

32% Severely deficient 

0% >75nmol/L 

NR 

 
Active day: few 

minutes between 

10am-4pm 

NR 

 
Excluded if on vit D 

supp 

Spain: 1.27 (NR) 

Argentina: 4 (NR) 
800 (NR) 

Kuwabara et al. 

(2010) 
Cross-sectional 

1 CH 

50 C 87.6 

(8.0) 

35F; 

15M 

Japan 27.75 (3.1) NR NR Hypovitaminosis: 

<50nmol/L 
40% <25nmol/L 

58% 25-50nmol/L 

n 1 ≥50nmol/L 

21 (3.8) 

 
NR 

NR 

NR 

7 (1.4) 

494 (53) 

McWilliams et 

al. (2011) 

Prospective 
cohort 

CH residents 

admitted to 

hospital 

71C 81.5 

(10.9) 

49F, 

29M 

USA 22.7±11.0 47.5 NR 72% had low status 

(<75nmol/L) 

NR 

NR 

53.5% Dementia 

 

NR 

NR 

NR 

Sitter et al. 

(2011) 
NR 

Two personal 

CHs 

14 P 

13 C 

83 (9.8) 9F; 

5M 

Canada Time A (2-3 

months 
following 

admission): 

55 (25) 

Time B (4 
months 

following 

time A): 

58.5 (24.9) 

<25 Time A: 8 

time B: 0 

Time A 

75% Insufficient (25-
75nmol/L) 

17% Optimal (75-

250nmol/L) 

Time B 
83% Insufficient 

17% Optimal 

NR 

NR 

Excluded if had 

either 
 

NR 

NR 

NR 

Kruavit et al. 

(2012) 
Cross-sectional 

2 Elderly care 

institutions 

93 C 75.2 

(6.0) 

93F; 

0M 

Thailand 69.3 (15.4) NR NR 61.3% Insufficiency 

(≤70nmol/L) 
38.7% >70nmol/L 

21.5% <50nmol/L 

77.4% <75nmol/L 

24.1 (3.6) 

 
16% >2 hours/day 

NR 

 
Ca+vitD supp: 6.5% 

NR 

322.3 (158.4) 

Oudshoorn et 

al. (2012) 

Cross-sectional 
Residental 

homes 

426 C 81 (7.2) 315F; 

111M 

The 

Netherlan

ds 

39.1 (21.4)¤ NR NR 67% <50nmol/L 

27% <25nmol/L 

NR 

NR 

Mean (SD) MMSE 

score:  26.5 (2.6) 

Excluded if had 
dementia 

 

NR 

826 (242) 
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Prescribed ca+vitD: 
12% 

Not prescribed 

ca+vitD: 7% 

Pilz et al. 

(2012) 
Prospective 

cohort 

95 CHs 

961 C 83.7 

(6.1) 

961F; 

0M 

Austria 17.5 (13.7-

25.5)¥ 

NR NR 7% >50nmol/L 

93% <50nmol/L 

Q1: 25.2 (4.6) 

Q2: 26 (5.3) 
Q3: 26 (4.4) 

Q4: 26.3 (4.5) 

 

NR 

NR 

 
1st to 4th quartile 

vit D 

supplementation 

0.4, 0, 2.1, 14.3% 
Ca supplementation 

1.2, 0.8, 4.6, 18.5% 

NR 

NR 

Terabe et al. 

(2012) 

Cross-sectional 

48 CHs 

403 C 86.5 

(NR) 

403F; 

0M 

Japan 41.75 (NR)¤ <50 78.1  <85 years: 20.7 

(4.4) 

≥85 years: 20 

(3.3) 
 

NR 

NR 

NR 

NR 

NR 

Trummer et al. 

(2012) 

Prospective 

cohort 
95 CHs 

1093 

C 

84 (6) 926F; 

167M 

Austria F: 22 (8) 

M: 24.25 

(5.9) 

<50 94 98% <75nmol/L NR 

NR 

NR 

 

Excluded if on vit D 

supp 

NR 

NR 

Verhoeven et al. 
(2012) 

Cross-sectional 

53 CHs 

589 C 83.8 
(7.2) 

448F; 
141M 

Belgium NR <50 75.6 93.9% <75nmol/L NR 
NR 

Excluded if had 
either 

 

NR 

NR 
NR 

Diekmann et al. 

(2013) 
Observational 

longitudinal 

2 Municipal 

CHs 

189 P 

115 C 

86.3 

(7.8) 

84F; 

31M 

Germany T1 

(baseline): 
20.8 (16.5-

17)¥ 

T2 (1 year 

follow-up): 

21.3 (14.9-

58.6)¥ 

<50 T1: 93.9 

T2: 71.3 

T1 & T2: 6.1% & 

28.7% >50nmol/L 
 T1 & T2: 70.4% & 

57.3% <25nmol/L 

0 vs. 4.3% Severely 

deficient (<10nmol/L) 

26.6±5.3 

 
NR 

71.8% Cognitive 

impairment 
Mean (SD) 

MMSE score: 16.5 

(10.3) 

 

28.7% 

NR 

NR 

Kojima et al. 

(2013) 

Retrospective 

chart 
review/cross-

sectional 

1 Veterans 

affair 
community CH 

104 C 70.6 

(12.6) 

0F; 

104M 

Hawaii Total group: 

52.5 (3.9) 

Deficient: 

32.5 (4.4) 
Not 

deficient: 

72.5 (6.9) 

<50 49  26.7 (6.9) 

 

NR 

33.7% Dementia 

 

Excluded if on vit D 

supp 

NR 

NR 
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Maeda et al. 
(2013) 

Cross-sectional 

2 CHs 

177 C 76.2 (9) 128F; 
49M 

Brazil 37.6 (29.9) NR NR NR 26.3 (5.6) 
 

NR 

NR 
 

6.2% 

NR 
NR 

Samefors et al. 

(2014) 
Prospective 

cohort 

11 CHs 

333 C F: 86 

(NR) 
M: 83 

(NR) 

226F; 

107M 

Sweden Total group¤ 

40.2 (16) 
By quartile 

Q 1: 24.1 

(4.1) 

Q 2: 33.4 
(2.2) 

Q 3: 42.1 

(2.8) 

Q 4: 62.3 
(14.7) 

<50 80 14.4% Severely 

deficient (<25nmol/L) 
65.8% Insufficient (26-

50nmol/L) 

15.3% 51-75nmol/L 

4.5% >76nmol/L 

Q1: 24.6 (4.5) 

Q2: 24.7 (4.6) 
Q3: 25.9 (5.1) 

Q4: 24.9 (3.9) 

 

NR 

NR 

 
Excluded if on vit D 

supp 

NR 

NR 

Peláez et al. 
(2015) 

Prospective, 

observational, 

non-

interventional 

cohort 

1 CH 

72 C 84.7 
(NR) 

56F; 
16M 

Spain ABI >1.4: 
19.95 (6.82) 

ABI 1.4-0.9: 

19.07 (8.23) 

ABI <0.9: 

17.01 (6.56) 

NR NR NR 29 (5) 
NR 

NR 
NR 

NR 
NR 

Törmä et al. 

(2015) 

Controlled 
4 CHs 

172P 

101 C 

EF: 83.8 

(7.4) 

EOV: 
86.5 

(6.9) 

73F; 

28M 

Sweden EF: 34.9 

(47.2)¥ 

EOV: 35.8 
(39.7)¥ 

<50 66.66  EF: 24.1 (5.9) 

EOV: 23.8 (4.1) 

 
NR 

Dementia 

EF: 42% 

EOV: 37% 
 

NR 

NR 

NR 

MacDonell et 

al. (2016) 

Cross-sectional 

16 Residential 
aged-care 

facilities 

309 C 85 (8) 209F; 

100M 

New 

Zealand 

Mean (95% 

CI) 

89.9 (85.2, 

94.5) 

NR NR 17.8% Total group 

insufficient 

(<50nmol/L) 

65.3% Non-supp users 
vs. 1.5% supp users 

<50nmol/L 

Supp users: 87.1% 

>75nmol/L, 27.1% 
>125nmol/L 

Mean (95% CI) 

25.8 (25.1, 26.4) 

 

NR 

NR 

 

75% 50,000IU 

vitD3/month 
18.4% not on any 

form of vit D supp 

NR 

NR 

Navarro-
martínez et al. 

(2016) 

Cross-sectional 
4 CHs 

104 C 84 (75-
99)∞ 

104F; 
0M 

Spain Robust: 115 
(6) 

Prefail: 71.5 

(4) 
Frail: 70 (3) 

NR NR NR NR 
NR 

Excluded if severe 
cognitive 

impairment (MMSE 

score <21) 
MMSE score: 24 

(21-30)∞ 

 

Excluded if on vit D 
supp 

NR 
NR 



57 
Shinkov et al. 
(2016) 

Cross-sectional 

screening 

4 CHs 

66 C 74.5 
(69.8-

78)¥ 

 26F; 
40M 

Bulgaria 17.8 (9.4-
28.6)¥ 

25-50 65.2 4.5% Sufficient 
(>50nmol/L) 

26 (4.5) 
 

NR 

NR 
 

0% 

Average between 
2.5-10 

800 (NR) 

Arnljots et al. 

(2017) 

Cross-sectional 
22 CHs 

545 C 86 (6.9) 370F; 

175M 

Sweden 34 (21) <25 Total group: 

41 

Supp user: 
44 

Non-supp 

users: 6.4 

Total group 

3.7% <12.5nmol/L 

82% <50nmol/L 
94% <75nmol/L 

6.4% >75nmol/L 

Supp user vs. non-supp 

user 
4.4 vs. 0% 

45 vs. 22 

4.9 vs. 43% 

1.8 vs 29% 

NR 

 

April to August: 
6.6 (7.1)hr/week  

20% ≤1 hr/week 

55% Dementia 

 

17% 

NR 

NR 

Kucukler et al. 

(2017) 
Cross-sectional 

2 CHs 

71 C 76 (0.8) 0F; 

71M 

Turkey 38.25 (0.8) NR NR NR 25.6 (0.5) 

 
NR 

24.3% Dementia 

 
NR 

NR 

NR 

Kojima et al. 

(2017) 

Cross-sectional 

1 Veterans 
affairs CH 

238 C 73.4 

(13.1) 

0F; 

238M 

Hawaii Total group: 

58.5 (9.8) 

Supp users: 

66.4 (9.3) 
Non-supp 

users with 

status <45: 

29.25 (3.8) 
Non-supp 

users with 

status >45: 

59.62 (7.0) 

NR NR 37.4% <50nmol/L 26.5 (6.7) 

 

NR 

NR 

 

36.1% 

NR 

NR 

Schwartz et al. 

(2018) 
Cross-sectional 

analysis 

1 CH 

79 C 87.4 (8) 51F; 

28M 

USA 87.25 (12.8) NR NR NR 27.3 (5.8) 

 
NR 

NR 

NR 

NR 

NR 
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Sousa et al. 
(2019) 

Cross-sectional 

9 CHs 

153 C 81.7 
(9.2) 

120F; 
33M 

Brazil 59.75 (16.6-
31)¥ 

NR NR 28.8% Sufficient (75-
150nmol/L) 

Categories 
Thin: 46.4% 

Normal: 31.1% 

Excess weight: 

22.7% 
 

NR 

Cognitive 
impairment 

Mild: 6.3% 

Moderate: 18.1% 

Severe: 66.7% 
 

5.9% 

2.8 (3.2) 
997.9 (291.8) 

Griffin et al. 

(2020) 

Cross-sectional 
CHs 

273C 81.5 

(11.7)¥ 

176F; 

97M 

Ireland 29.7 (13-

147.8)¥ 

<25 42 25% Insufficient (25-

50nmol/L) 

33% Sufficient 
(>50nmol/L) 

NR 

NR 

NR 

 

NR 

NR 

NR 

Okan et al. 
(2020) 

Cross-sectional 

1CH 

36C 74 (8) 13F; 
23M 

Turkey 35.8 25-47.5 64% 100% Insufficient (50-
72.5nmol/L) 

F 29.4 (5.4);  
M 27.3±(4.7) 

 

25(OH)D +ve 

association with 
sunlight exposure 

11am to 3pm 

NR 
 

Excluded if on vit D 

supp 

NR 
NR 

P, participated; C, completed; M, male; F, female; n, Number of subjects; SD, standard deviation; CH, care home; Yr, year; 25(OH)D, 25-hydroxyvitamin D; NR, not reported; Q, quartile; Supp, supplement; T, 

time; signif, significant; hr, hour ABI, ankle-brachial index; IU, international units; vit D, vitamin D; Ca, calcium; mg, milligrams; BMI, body mass index; EF, external facilitation; EOV, education outreach 

visits; MMSE, Mini-Mental State Examination 

Data presented Mean (Standard Deviation) 

Median (Interquartile range)¥ 

25(OH)D3¤ 

Range∞ 
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Table 3. Supplementation of vitamin D and its effect on raising vitamin D status  

Author & year 

Type of study 

Recruitment 

locations 

n Age (Yr) 

Mean 

(SD) 

Sex Country Type of vit D intervention; 

Route of administration 

Duration 25(OH)D 

status  

baseline 

(nmol/L)   

Mean (SD) 

25(OH)D status  

Post-intervention 

(nmol/L) 

Mean (SD) 

Main conclusions 

Schwalfenberg et 

al. (2010) 

Retrospective chart 

review 

1 CH facility 

68 P 

68 C 

80.7 (9.8) 49F; 

19M 

Canada Vit D3; 

Oral supp: ND; 

2000IU/day 

minimum 

5 months 

(5-10 

months) 

NR 5 months 

119.4 (28.1)¤ 

This report demonstrates that daily 

supplementation with 2000IU of 

vitamin D3 can achieve 25(OH)D 

levels of >80 nmol/L in most 

residents living in a nursing home 

setting, with no levels reaching a 

toxic range - thus confirming the 

utility of oral vitamin D 

supplementation to improve vitamin 

D status. 

Chel et al. (2011) 

Pilot intervention 

Low & medium 

care wards of 1 

psychogeriatric CH 

8 C 79 (8) 5F; 

3M 

The 

Netherlands 

Half body UVB;  

2-minute half body 

irradiation with UVB at 1.0 

standard erytheme dose (0.5 

MED) once/week 

8 weeks 28.5 (NR) 46.5 (NR) An 8-week course of weekly, frontal 

half-body irradiation with UVB, at 

0.5 MED, leads to an significant 

increase in 25(OH)D serum levels, 

but this period is too short to reach 

vitamin D sufficiency. 

Dinizulu et al. 

(2011) 

Observational 

Long-term care 

institutions 

63 P vit D: 82.1 

(7.4) 

Ca+vit D: 

79.5 (7.2) 

63F; 

0M 

Ireland Vit D3; 

Supp: ND; 

(n 19): 800IU/day 

(n 41): 100mg Ca + 

800IU/day 

3 months Vit D: 25.3 (16) 

Ca+vit D: 

34.7±23.7 

Vit D: 78.5 (NR) 

Ca+vit D: 69.2 

(NR) 

Vitamin D alone appears as 

effective as combined 

calcium/vitamin D treatment in 

restoring serum vitamin D levels in 

older community dwelling and 

institutionalised patients. a 

prospective randomised trial would 

help confirm these findings. 

Shin et al. (2011) 

Retrospective chart 

review 

1 Long-term care 

facility 

24 P 

24 C 

Resps: 80 

(NR) 

Non-resps: 

81 (NR) 

NR USA Vit D3; 

Oral supp: ND; 

2,000IU/day 

At least 

12 weeks 

Mean (range) 

(n 14) 

Responders: 47 

(34.5-67.5) 

(n 10) Non-

responders: 

Responders: 47.5 

(28.5-63) 

Non-responders: 

66 (44.5-73) 

The present study has shown that 

some long-term care elderly patients 

respond to three months of vitamin 

D supplementation. The reason why 

some patients 
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96.75 (75-

134.25) 

did not respond cannot be 

determined from this study. 

Ioannidis et al. 

(2012) 

Cross-sectional 

4 Long-term care 

facilities 

102 P 83.2 (8.7) 70F; 

32M 

Canada Vit D3; 

NR; 

(n 50):  0 IU/day 

(n 18): 1-400 IU/day 

(n 9): 401-800 IU/day 

(n 21): >800IU/day 

N/A 0IU: 62.2 (27.5) 

1-400IU: 72.8 

(22.2) 

401-800IU: 

98.9 (26.3) 

>800IU: 96 

(26.2) 

N/A In conclusion, most residents taking 

more than 400 IU/d of vitamin D3 

achieve optimal levels of 25(OH)D. 

Nevertheless, although vitamin D 

supplementation appears to 

clinically increase serum 25(OH)D 

levels, some residents in LTC homes 

are not taking adequate vitamin D 

supplementation and are not 

reaching the therapeutic target. 

Sambrook et al. 

(2012) 

Clustered RCT 

51 Aged care 

facilities 

602 P 

524 C 

86.4 427F; 

175M 

Australia Sunlight vs. sunlight+oral 

calcium supp vs. control; 

(n 190): UV 

(n 207): UV+ 

(n 205): Usual care (control) 

Sunlight exposure was 30-

40 minutes, 5 days/week 

+Calcium supplement: 

600mg/day 

12 months Baseline 

Total group: 

32.9¥ 

Control: 33.2 

UV: 36.2 

UV+: 31.1 

NR Increased sunlight exposure did not 

reduce vitamin D deficiency or falls 

risk in frail older people. This 

public health strategy was not 

effective most likely due to poor 

adherence to the intervention. 

Tellioglu et al. 

(2012) 

Randomized 

prospective 

1 CH 

66 P 

62 C 

IM: 75.5 

(6.1) 

Oral: 75.3 

(7.5) 

33F; 

33M 

Turkey Vit D3; 

IM injection vs. Oral liquid 

poured on bread; 

(n 34) IM: 600,000IU 

(n 32) Oral: 600,000IU 

once off dose 

12 weeks IM: 29.4 (7.6) 

Oral: 37.17 

(6.9) 

IM: 125.85 (14.2) 

Oral: 107.35 (13.4) 

In vitamin D deficient/insufficient 

elderly, a single megadose of 

cholecalciferol increased vitamin D 

levels significantly and the majority 

of the patients reached optimal 

levels. Although both administration 

routes are effective and appear to be 

safe, IM application is more 

effective in increasing 25(OH)D 

levels and balance performance. 

Durvasula et al. 

(2014) 

Secondary analysis 

of Sambrook et 

al.54 

397 P 

248 C 

86.4 (6.6) 179F; 

69M 

Australia Sunlight vs. sunlight+oral 

calcium supplement; 

Sunlight only and 

sunlight+Ca supplement 

participants from the 

6 months 32.4 (22.9-

50.6)¥ 

34.6 (23.8-48.4)¥ Natural UVR exposure can increase 

25OHD levels in older people in 

residential care, but depends on the 

season of exposure. However, due to 
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34 Residential aged 

care facilities 

previous RCT were 

included in analys 

inadequate sun exposure, 25OHD 

did not reach optimal levels. 

Feldman et al. 

(2014) 

Cross-sectional 

5 Residential care 

facilities 

236 P 

236 C 

85 (7.7) 176F; 

60M 

Canada vit D; 

NR; 

20,000IU/week 

1 year NR Mean (95% CI) 

102 (98-106) 

Twelve months after implementation 

of a 20,000-IU/wk vitamin D 

protocol for older adults in 

residential care, mean 25OHD 

concentrations were high, and 

there was no evidence of poor 

vitamin D status. Given the absence 

of demonstrated benefit of high 

25OHD concentrations to the 

residential care population, dosages 

less than 20,000 IU/wk of vitamin D 

are recommended. 

Veleva et al. 

(2014) 

Cross-sectional 

patient file 

Dementia care 

units in 1 CH 

71 P 

71 C 

83 (7) 46F; 

25M 

The 

Netherlands 

vit D3; Capsule vs. drops; 

(n 52) Capsule: 

5600IU/week 

(n 19) Drops: 7500IU/week 

At least 3 

months 

NR Total group: 77 

(30) 

Capsules: 90 (22) 

Drops: 41 (8) 

In most of these residents, vitamin D 

supplementation once a week with 

cholecalciferol capsules containing 

5600 IU (equivalent to 800 IU daily) 

resulted in vitamin D sufficiency 

(serum 25(OH)D ≥ 50 nmol/L). 

Wijnen et al. 

(2015) 

Open-label, single-

center, randomised 

CH residents 

recruited at 

outpatient clinic 

visit 

30 P 

22 C 

84 (76-87)¥ 17F; 

13M 

The 

Netherlands 

Vit D3; 

Oral liquid supp; 

(n 16) LD: 

2x50,000IU/week + 

monthly dose of 25,000IU 

or 50,000IU 

(n 14) DD: 800IU/day 

6 months LD: 27.1 (16.4-

32.8)¥ 

DD: 20.9 (15.9-

29.6) 

LD:  61 (54-72)¥ 

DD: 44 (26-50) 

In NH patients with severe 25OHD 

deficiency, an individualized 

calculated cholecalciferol LD is 

likely to be superior to a DD of 

cholecalciferol 800 IU in 

terms of the ability to rapidly 

normalize vitamin D levels. 

Schwartz et al. 

(2016) 

Double-blinded 

RCT 

1 CH 

81 P 

72 C 

87.4 (8) 51F; 

30M 

USA Vit D3; 

Capsules; 

(n 20): 800IU/day 

(n 19): 2000IU/day 

(n 20): 4000IU/day 

(n 13): 50,000IU/week 

16 weeks Baseline (total 

group): 72.5 (9) 

Post-intervention 

(each group) 

800IU: 82.5 (9) 

2000IU: 85 (10) 

4000IU: 107.5 (10) 

50,000IU: 153.5 

(6) 

25(OH) D increased linearly with 

800-4000 IU/day and 50000 

IU/week D3 without a ceiling effect. 

Data suggest some elderly will 

require over 800 IU/day D3 to 

ensure adequate vitamin D status. 
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Delomas et al. 

(2017) 

Open- label, 

Randomised single-

blind controlled 

1 CH 

111 P 

111 C 

85.1 (6.7) 77F; 

34M 

France Vit D3; 

Oral supp: Phial of liquid; 

(n 53) Treatment: 

4x100,000IU every 2 weeks 

(n 58) Control: 

If Deficient (<25nmol/L): 

4x100,000IU every 2 weeks 

If Insufficient (25-

50nmol/L): 3x100,000IU 

every 2 weeks 

If Sub-optimal (50-

72.5nmol/L): 2x100,000IU 

every 2 weeks 

6 weeks NR Treatment: 110.44 

(15.4) 

Control: 89.5 (6.5) 

This study confirmed that a single 

loading protocol is at least as 

effective and safe as tailored 

regimen in terms of the ability to 

rapidly normalize 25(OH)VitD 

values. The often required dosage of 

25(OH)VitD is reasonably not 

necessary to initiate VitD 

supplementation protocol in this 

vulnerable population. 

Mol et al. (2018) 

Descriptive 

1 CH 

36 P 

29 C 

NR 22F; 

14M 

Turkey Vit 

D3+butylhydroxyanisole in 

star anise oil; 

Oral drops; 

(n 12) DDG: 800IU/day 

(n 12) WDG-moderate: 

5600IU/week 

(n 12) WDG-high: 

8000IU/week 

26 weeks Baseline 

DDG: 47.41 

(8.28) 

WDG-

moderate: 58.18 

(12.67) 

WDG-high: 

66.83 (9.6) 

DDG: 69.25 (9.72) 

WDG-moderate: 

70.25 (14.42) 

WDG-high: 72.5 

(7) 

Weekly (5600 IU/week) moderate 

supplementation of Vitamin D could 

be more beneficial than weekly 

(8000/week) high supplementation 

among nursing home residents. 

Toren-Wielema et 

al. (2018) 

Cross-sectional 

observation 

12 Somatic & 

psychogeriatric 

CHs 

204 P 

156 C 

Median 

(range) 

85 (56-99)¥ 

110F; 

46M 

The 

Netherlands 

Vit D3; Oral liquid 

ampoule; 

1x200,000IU LD + MD of 

100,000IU every 13 weeks 

November 

2015 - 

August 

2016 (10 

months) 

<4 MDs: 73 

(29) 

≥4 MDs: 85 

(27) 

N/A This standardized VDDR was not 

efficacious in obtaining and 

maintaining an adequate VDTL in 

this nursing home resident 

population. 
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Mueangpaisarn et 

al. (2020) 

Double-blinded 

placebo-controlled 

trial 

2 Institutionalized 

CHs 

94 P 

85 C 

STD: 77.9 

(9.5) 

HD: 81.5 

(8.8) 

94F; 

0M 

Thailand Vit D2; 

Capsules; 

(n 48) STD: 40,000IU/week 

(n 46) HD: 100,000IU/week 

12 weeks STD: 48.25 

(6.2) 

HD: 47.75 (6.5) 

STD: 86.25 (8.1) 

HD: 128.5 (19.5) 

Subjects who received high dose 

ergocalciferol achieved more 

optimal 25(OH)D levels than those 

who received standard dose. High 

dose ergocalciferol is preferred to 

optimize 25(OH)D levels in subjects 

with severe vitamin D deficiency. 

Samefors et al. 

(2020) 

Clustered RCT 

CHs 

42P 

38C 

I: 85.5 

(12)¥ 

CO: 87 

(10)¥ 

23F; 

19 

Sweden Sunlight exposure; 

I: 20-30 minutes sunlight 

exposure, daily 

CO: usual living 

2 months Total group: 45 

(28)¥ 

I: 42.5 (23)¥ 

CO: 52 (36)¥ 

Total group: 64 

(34)¥ 

I: 53.5 (33)¥ 

CO: 65 (35)¥ 

Active encouragement to spend time 

outdoors during summertime 

improved the levels of serum 

25(OH)D and self-perceived mental 

health significantly in older people 

in nursing homes and could 

complement or replace oral vitamin 

D supplementation in the summer. 

Okan et al. (2021) 

RCT 

1 CH 

40C 76 (6) 18F; 

22M 

Turkey Sunlight exposure; 

(n 20) I: sunlight exposure 5 

days/week 

(n 20) CO: no sunbathing 

offered 

4 weeks I: 60 (130 

CO: 52.5 (10) 

I: 80 (16) 

CO: 55 (10) 

At the end of the study, it was 

concluded that sunlight exposure 

was a sufficient source to increase 

25(OH)D in most elderly people 

living in the nursing home. 

Organizing sunbathing sessions as 

an independent nursing intervention 

is recommended for the elderly 

people living in nursing homes in 

order to prevent vitamin D 

deficiency and related 

consequences. 

RCT, randomised control trial; P, participated; C, completed; M, male; F, female; n, Number of subjects; Yr, year; N/A, not applicable; NR, not reported; Supp, supplement; ND, not 

defined; signif, significant; 25(OH)D, 25-hydroxyvitamin D; SD, standard deviation; vit, vitamin; DDG, daily dose group; WDG-moderate, weekly dose group-moderate; WDG-high, 

weekly dose group-high; IM, intramuscular; LD, loading dose; MD, maintenance dose; VDTL, vitamin D trough level; DD, daily dose; CH, care home; MED, minimal erythema dose; 

UVR, ultraviolet radiation; STD, standard dose; HD, high dose; UVB, ultraviolet B-rays; RCT, randomised control trial; Ca, calcium; UV, Increased sunlight exposure; UV+, Sunlight 

exposure+600mg Ca carbonate; IU, international units, I; intervention group, CO; control group 



64 
Data presented Mean (Standard Deviation) 

Median¥ 

25(OH)D3¤ 

Main conclusions taken directly from the abstract of the paper 

  



65 

Table 4. Supplementation of vitamin D alone and in combination with other nutrients/therapies and its effect on health outcomes  

Author & year 

Type of study 

Recruitment 

locations 

n Age (Yr) 

Mean±SD 

Sex Country Type of intervention Duration Primary 

outcome 

measures 

Main conclusions 

Bogaerts et al. (2011) 

RCT 

CHs 

113 P 

111 C 

WBV+CD:80.3 

(5.3) 

WBV+HD: 79.8 

(5.3)  

CD group: 78.7 

(5.6) 

HD: group 79.6 

(5.2) 

111F; 

0M 

Belgium Type ND; 

n 28 WBV+CD 880IU/day vit D3 

n 26 WBV+HD 1600IU/day vit D3 

n 28 CD group 

n 29 HD group 

All received 1000mg Ca 

WBV (exercise 3 times/week on a 

vibration platform) 

6 months Balance: 

computerized 

posturography 

Functionality: 

10m walk test, 

TUG, shuttle 

walk 

Fall risk 

This trial showed that a high-dose vitamin D 

supplementation is not more efficient than conventional 

dosing in improving functionality in institutionalized 

elderly. WBV training on top of vitamin D 

supplementation provided an added benefit with regard 

to walking, TUG performance, and endurance capacity. 

Bonjour et al. (2011) 

Crossover RCT 

6 CHs/institutions for 

elderly 

29 P 

21 C 

86.9 (6.3) 29F; 0M France Fortified vs. standard cheese; 

Intervention: 2x100g/day fortified 

cheese (total: 100IU vit D+302mg 

Ca) 

Control: 2x100g/day standard 

cheese (total: 0IU vit D+236mg Ca) 

12 weeks 

total:  

6 weeks on 

control 

6 weeks on 

intervention 

CTX 

TRAP-5b 

25(OH)D 

PTH 

This randomized crossover controlled trial 

demonstrates that in elderly women living in nursing 

homes, the consumption of soft plain cheese increasing 

the supply of vitamin D, calcium and proteins, could 

reduce bone resorption and thereby reduce the risk of 

incidental fragility fractures in the long term. 

Verschueren et al. 

(2011) 

RCT 

CHs/Service 

apartments/Cloistered 

communities 

113 P 

111 C 

WBV+CD:80.3 

(5.3) 

WBV+HD: 79.8 

(5.3)  

CD group: 78.7 

(5.6) 

HD: group 79.6 

(5.2) 

111F; 

0M 

Belgium Type ND; 

n 28 WBV+CD 880IU/day vit D3 

n 26 WBV+HD 1600IU/day vit D3 

n 28 CD group 

n 29 HD group 

All received 1000mg Ca 

WBV (exercise 3 times/week on a 

vibration platform) 

6 months Isometric & 

dynamic 

strength 

Leg mass 

muscle 

Hip BMD 

We conclude that in institutionalized older women over 

70 years of age, the WBV training program described 

herein does not provide additional musculoskeletal 

benefit over vitamin D supplementation. Compared with 

conventional doses of vitamin D (880 IU), a higher dose 

of 1600 IU induced significantly higher levels of 

circulating vitamin D but was not more efficient in 

enhancing either muscle mass or strength or increasing 

hip BMD in this population. 

Kaviani et al. (2012) 

Interventional 

prospective 

1 CH 

76 P 78.7 (8) 52F; 

24M 

Iran Oral pill; 

50,000IU vit D3/week 

8 weeks Insulin 

resistance 

Fasting plasma 

glucose 

25(OH)D 

In our study, before and after the intervention, vitamin 

D deficiency had no relationship with FPG level and 

insulin resistance. Vitamin D intake had no significant 

effect on FPG level, but it increased the prevalence of 

insulin resistance significantly. 

Bonjour et al. (2013) 

Double-blinded RCT 

10 CHs 

59 P 

56 C 

CY: 85.1 (1.3)$ 

FY: 85.8 (1.2) 

58F; 0M France Fortified vs. non-fortified yogurt; 

FY group (n 32): 2x 125g/day 

(Total: 400IU vit D3+800mg Ca) 

CY group (n 27): 2x125g/day 

(Total: 400IU vit D3+280mg Ca) 

8 weeks 25OHD 

PTH 

Bone resorption 

markers: 

TRAP5b & 

CTX 

This study in institutionalized elderly at high risk for 

osteoporotic fracture suggests that fortification of dairy 

products with vitamin D3 and calcium provides a 

greater prevention of accelerated bone resorption as 

compared with nonfortified equivalent foods. 
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Mocanu et al. (2013) 

Single-arm clinical 

trial 

1 CH 

45 P 

23 C 

68.3 28F; 

17M 

Romania Fortified bread; 

Follow up after 1 year & 3 years 

after discontinuation of 100g bread 

bun/day for 12 months containing 

5,000IU vit D3+320g Ca 

3 years 25OHD 

PTH 

BMD 

Vitamin D nutritional status exhibits a long half-life in 

the body, and a true steady-state plateau may not even 

be reached 1 year after a discontinuation in dose. 

Furthermore, once the need for vitamin D has been 

established, based on a low baseline serum 25(OH)D 

concentrations, the appropriate action is to maintain 

corrective vitamin D supplementation over the long 

term. 

Costan et al. (2014) 

Longitudinal 

prospective 

1 CH 

45 P 

40 C 

VFX: 71.6 (7.2) 

VF: 69.9 (5.2) 

28F; 

17M 

Romania Fortified bread; 

1x100g bread roll/day containing 

5,000IU vit D3+320g Ca 

12 months Health related 

quality of life 

(pain, physical 

function, social 

function, 

general health 

perception, and 

mental 

function) 

In nursing home residents, daily consumption of bread 

fortified with 125g vitamin D3 was efficient and safe to 

raise serum 25(OH)D concentrations to > 75 nmol/L 

and to induce significant improvement of the total score 

of QUALEFFO-41. Vitamin D supplementation also 

significantly diminished pain perception and 

ameliorated physical functions. 

Abizanda et al. (2015) 

Multicentric 

prospective 

observation 

4 CHs 

91 P 

69 C 

85.6 (5.6) 27M; 

64F 

Spain Oral drink; 

2x200ml ONS daily + exercise 

5xdays/week 

Each ONS containing: 300kcals 

20g protein 

3g fibre 

500IU vit D 

480mg Ca 

12 weeks SPPB 

SF-LLFDI 

Handgrip 

strength 

EQ5DVAS 

BMI 

Mini-nutrition 

assessment 

A 12-week intervention with oral nutritional 

supplementation plus physical exercise improves 

function, nutritional status, and quality of life in frail 

institutionalized older adults. 

Heijboer et al. (2015) 

Intervention 

CH residents 

49 P Median (range) 

82 (71-97) 

0F; 49M The 

Netherlands 

Oral tablet; 

600IU vit D/day vs. placebo 

All participants received 500mg Ca 

carbonate 

16 weeks 25(OH)D status 

Testosterone 

concentration 

In conclusion, in this post hoc analysis of three small 

clinical trials, vitamin D treatment (600–2000 IU daily) 

for 6 weeks to 4 months does not affect the, at baseline 

normal, testosterone concentrations in male patients 

with heart failure, male nursing home residents or male 

non-Western immigrants living in the Netherlands. 

Corcoran et al. (2017) 

Cluster RCT 

20 senior living 

facilities 

121 P 

93 C 

82.3 (8) 101F; 

20M 

America Oral drink; 

(n 47) ENP:  drink + exercise 3 

days/week 

(n 46) SAP: 3 days/week 

Each drink containing 300kcals, 

13g fat, 24g carbohydrate, 20g milk 

protein, 500IU vit D, 480mg Ca 

6 months SPPB 

Hand grip 

strength 

Mini-nutrition 

assessment 

In summary, this facility-led exercise-nutritional 

supplement program was not effective at improving 

physical function or blood levels of 25-hydroxyvitamin 

D and IGF-1, possibly due to a decline in nutritional 

status observed in the intervention group coupled with 

challenges related to program implementation and 

fidelity. 
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Ginde et al. (2017) 

RCT 

25 skilled nursing and 

assisted living 

facilities 

107 P 

77 C 

HD: 80 (10) 

STD: 82 (10) 

HD: 

33F; 

22M 

STD: 

29F; 

23M 

USA Capsule; 

HD (n 55): 100,000IU/1xmonthly 

dose vit D3 

STD (n 52): placebo (if currently 

taking 400-1,000IU vit D3/day) or 

12,000IU/month (if currently taking 

<400IU vit D3/day) 

12 months Incidence of 

ARIs 

Falls/fractures 

25-

hydroxvitamin 

D 

Hypercalcemia 

Kidney stones 

Monthly high dose vitamin D3 supplementation reduced 

the incidence of ARI in older long-term care residents 

but was associated with a higher rate of falls without an 

increase in fractures. 

Kotlarczyk et al. 

(2017) 

Secondary analysis 

Long-term care 

facilities 

137 P 

137 C 

Def: 85.8 (1) 

Insuf: 85.6 (0.8) 

Suff: 84.9 (0.6) 

137F; 

0M 

USA Oral supplement: ND; 

(n 26) Deficient: 50,000IU/week for 

8 weeks initially 

Then Deficient, Insufficient (n 40) 

& Sufficient (n 71) participants 

received 800IU vitamin D3/day 

24 months Physical 

function: ADL, 

PPT, gait speed 

Cognitive 

function: 

cognition, 

mental health 

Falls 

In summary, we found that even after correction of 

vitamin D deficiency and maintenance of adequate 

levels (above 20 ng/ml) for two years, women who were 

deficient at baseline had the greatest functional declines 

and risk of falling. 

Franzke et al. (2019) 

RCT, observer-

blinded 

5 senior recidencies 

96 P 

80 C 

83.1 (6.1) 84F; 

12M 

Austria Oral liquid drink; 

CT (n 40): cognitive training 

twice/week 

RT (n 41): resistance training 

twice/week 

RTS (n 36): RT+supplement 

twice/week= 2x liquid drinks with 

each containing: 

150kcal 

20.7g protein 

9.3g carbohydrate 

3.0g fat 

1.2g roughage 

800IU vit D 

250g of Ca, vit C, E, B6, B12, folic 

acid, magnesium 

6 months Micronutrient 

assessment 

Physical 

fitness: 6-min 

walking, chair 

rise test, 

isokinetic 

dynamometry, 

handgrip 

strength 

Six months of elastic band resistance training with or 

without protein-vitamin supplementation improved 

physical function, but had no biological impact on the 

status on fat soluble micronutrients. 

Veleva et al. (2020) 

RCT 

3 CHs 

78 P 

52 C 

UVB: 84.2 

(79.5-87.5) 

vit D: 83.6 

(77.5-88.5) 

54F; 

24M 

The 

Netherlands 

UVB light vs. vit D capsule; 

half body UVB-irradiation 

twice/week 

Vit D: 5600 IU vit D3 once/week 

6 months Well-being: 

CMAI and the 

Cornell scale 

The exposure of nursing home residents with dementia 

to UVB light showed no positive benefits in terms of 

wellbeing. UVB treatment may have a positive effect on 

the restless/tense behavior characteristic of advanced 

dementia, but more research is needed to confirm this 

finding. 

RCT, randomised control trial; P, participated; C, completed; DEF, deficient; INSUFF, insufficient; SUFF; sufficient; M, male; F, female; n, Number of subjects; Yr, year; N/A, not applicable; NR, not 

reported; ND, not defined; signif, significant; 25(OH)D, 25-hydroxyvitamin D; vit, vitamin; VF, vertebral fractures; VFX, without vertebral fractures; ARIs, acute respiratory infections; GDS-SF, geriatric 
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depression scale-short form; HD, high dose; STD, standard dose; CD, conventional dose; Ca, calcium; CH, care home; PTH, parathyroid hormone; IQR, interquartile range; BMD, bone mineral density; WBV, 

whole body vibration; ONS, oral nutritional supplement; IU, international units; mg, milligrams; SPPB, short physical performance battery; SF-LLFDI, short-form-late-life function and disability instrument; 

BMI, body mass index; MNA-SF, short-form min nutritional assessment; TUG, timed up and go; µg, micrograms; TRAP-5b, tartrate-resistant phosphate isoform-5b; CTX, carboxyl-terminal cross-linked 

telopeptide of type 1 collagen; IG-1, Insulin-like growth factor 1; FY, calcium fortified yogurt; CY, non-fortified control yogurt; CT, cognitive training; RT, resistance training; RTS, resistance training 

combined with calcium and protein supplementation; SAP, health education program; ENP, exercise programme + nutritional supplement containing; Hr, hour, EQ5DVAS; EuroQoL-5 Dimensions visual 

analogic scale, ADL, activities of daily living; PPT, physical performance test 

Data presented Mean (Standard Deviation) 

Median¥ 

25(OH)D3¤ 

Standard error of the mean$ 

Main conclusions taken directly from the abstract of the paper
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Chapter 3: 

Vitamin D and bone health of older adults within care 

homes: an observational study   
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Abstract 

Background & Aims Older adults, in particular those residing in care homes, are 

susceptible to vitamin D deficiency yet few studies have reported vitamin D status or its 

relationship to health outcomes in this vulnerable group. This study investigated the 

serum 25(OH)D concentration in older adults within care homes and its association with 

musculoskeletal health and immune function markers.  

Methods Older adults (>65 years) were recruited from care homes in Northern Ireland 

(NI). 25-hydroxyvitamin D (25(OH)D) concentration was quantified by HPLC-MS/MS 

with <25 nmol/L defined as vitamin D deficiency. Regression analysis examined 

associations between 25(OH)D and ultrasound T-score, muscle strength, timed up & go 

test (TUG), bone turnover markers (BTMs) and a panel of inflammatory cytokines. Risk 

factors for vitamin D deficiency were examined by multivariate regression models and 

included BMI, sex, age and vitamin D ± calcium supplement use.  

Results A total of 87 participants were recruited with mean ± SD age 83.2 ± 7.9 years. 

Mean ± SD serum 25(OH)D concentration (n 69) was 49.52 ± 35.58 nmol/L. Vitamin D 

deficiency was observed in 34.8% (n 24) of participants with 17.4% (n 12) classified as 

insufficient (25(OH)D 25-50 nmol/L) and 47.8% (n 33) as sufficient (25(OH)D >50 

nmol/L). 25(OH)D concentration was not an independent predictor of T-score, muscle 

strength, TUG or inflammatory cytokines. After adjusting for covariates, a significant 

negative association was observed between 25(OH)D concentration and BTMs; 

osteocalcin (β= -0.395; P=0.001), P1NP (β= -0.320; P=0.012) and CTX (β= -0.377; 

P=0.003). Higher 25(OH)D concentration was positively associated with use of vitamin 

D ± calcium supplementation (β= 0.610; P<0.001). 

Conclusion Vitamin D deficiency and insufficiency were highly prevalent in this 

representative sample of care home residents in NI. Higher 25(OH)D concentration was 
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associated with greater supplement use and a higher 25(OH)D concentration was 

associated with reduced bone turnover, which in this population is linked with reduced 

bone loss. These findings emphasise the need for a mandatory vitamin D ± calcium 

supplementation policy specific for care home residents.  

Keywords: Vitamin D deficiency, aged, aged, 80 and over, nursing home, osteoporosis, 

vitamin D supplementation 
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Introduction 

Older adults, in particular those residing in care homes, are vulnerable to vitamin D 

deficiency yet few studies have reported on the vitamin D status or its relationship to 

health outcomes in this vulnerable group. Limited evidence to date in care home 

residents from across the world suggests a high prevalence of vitamin D deficiency 

(25(OH)D <50 nmol/L) (Portela et al. 2010; Verhoeven et al. 2011; Trummer et al. 

2012; Diekmann et al. 2013; Samefors et al. 2014). Other observational studies have 

reported a mean 25(OH)D concentration well below the 25 nmol/L cut-off (Pilz et al. 

2012; Peláez et al. 2015; Shinkov et al. 2016). In New Zealand, high 25(OH)D 

concentrations (mean 25(OH)D 89.9 nmol/L) have been reported in a small sample of 

aged-care residents, albeit this finding was attributed to a universal government vitamin 

D supplementation programme where 75% of residents had received 50,000IU vitamin 

D3/month (Macdonell et al. 2016). Care home residents in northern latitudes such as 

Northern Ireland (NI) are at a greater risk of deficiency owing to the lack of dermal 

synthesis of vitamin D during the winter months (SACN, 2016). There is no evidence to 

date reporting on the 25(OH)D concentration of care home residents in NI, with only 

one study in the Republic of Ireland identifying that some 42% of care home residents 

were vitamin D deficient (25(OH)D <25 nmol/L) (Griffin et al. 2020). 

Low vitamin D status results in decreased calcium absorption, elevated parathyroid 

hormone and increased rates of bone resorption (Hill & Aspray, 2017). Vitamin D can 

be obtained from limited sources within the diet, and the main source is exposure to UV 

sunlight. With advancing age, the ability to synthesize vitamin D from sunlight 

exposure becomes compromised (Gallagher, 2013) which in combination with 

additional factors including poor dietary intake of vitamin D, impaired absorption and 

hydroxylation, compromised renal function and medication use (Meehan & Penckofer, 

2014) as well as reduced time spent outdoors, can lead to low circulating concentrations 
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of 25(OH)D and thus vitamin D deficiency in care home residents. It is proposed that a 

significant number of care home residents have undiagnosed and undertreated 

osteoporosis, and that this may be partly attributed to undetected vitamin D deficiency 

(Aguilar et al. 2015). An optimal 25(OH)D concentration is also important to support 

the immune system (Martineau et al. 2017; Laird et al. 2020) and has been associated 

with lower markers of inflammation such as IL-6 and C-reactive protein (CRP) (Laird et 

al. 2014) as well as quicker recovery from infections (Calder, 2020). Furthermore, the 

immunomodulatory activity of vitamin D is suggested to enhance bone density by 

favourably altering the microbiota composition to reduce bone mass loss (Ding et al. 

2020; Yamamoto & Jørgensen, 2020). 

Studies to date have not always reported or considered additional factors, which impact 

25(OH)D concentration and the exclusion of individuals with cognitive 

impairment/dementia is likely to bias the outcomes owing to the cohort not being truly 

representative of the population group. Therefore, the aim of this study was to 

investigate the 25(OH)D concentration of older adults within care homes in NI and to 

determine its relationship with musculoskeletal health and immune function markers. 

Secondary analysis investigated factors that impact 25(OH)D concentration. 
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Methods 

Study participants 

From May 2019 to March 2020, older adults (>65 years) were recruited from eight care 

homes from across the Western Health and Social Care Trust (WHSCT) in NI (figure 

1). An estimate of the sample size for this cross-sectional study was based on a rate of 

40% vitamin D deficiency (25(OH)D <25nmol/L) as reported by the Scientific 

Advisory Committee for Nutrition (SACN) in their ‘Vitamin D and health report’ 

(SACN, 2016). With an expected frequency of 40% for the percentage deficient and an 

acceptable margin of error of ±7% in the 95% confidence interval, a sample size of 180 

participants was calculated; however recruitment ceased in March 2020 owing to the 

global SARS-CoV-2 (COVID-19) pandemic, and recruitment was curtailed at 87 

participants. Results from this study identified 24 out of 69 participants with vitamin D 

deficiency giving an estimate of 35% (95% CI 24% to 47%). The sample was well-

characterised, with participants recruited from several care homes from different 

geographical locations within the WHSCT and included residents with cognitive 

impairment/dementia. 

Inclusion criteria, determined using a screening questionnaire, included residing in the 

care home for >1 month, ≥65 years old, were not end of life and had the ability to 

provide informed assent and written consent. In the case of an Adult Lacking in 

Capacity (ALC), the multi-disciplinary team at the care home determined their 

involvement in the study if it was deemed beneficial to their care. 

Ethical approval was obtained from the Office for Research Ethics Committees 

Northern Ireland (ORECNI) and was conducted in accordance with the Declaration of 

Helsinki (IRAS ID: 227739, REC Reference number: 18/NI/0114, ClinicalTrials.gov 

Identifier: NCT04399291). 
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Physical examination 

Most recent measures of height (m) and weight (kg) were collected from care home care 

records to determine Body Mass Index (BMI, kg/m2). In the case where height was not 

available, ulna arm length measurement was taken, and height calculated using 

conversion tables (Bapen, 2011). BMI categories were defined as underweight (<18 

kg/m2), normal (18.5-24.9 kg/m2), overweight (25-29.9 kg/m2) and obese (>30 kg/m2). 

As an estimate of muscle strength, grip strength (kg) was measured on the non-

dominant hand using a hand-grip dynamometer (Stoelting, Illinois, USA). A second 

measurement was taken on the same arm, and an average of both readings calculated. T-

score (SD) was measured using a portable AchillesTM quantitative ultrasound (QUS) 

system scan of the heel (os calcis). Bone ultrasonometers have been shown to be a quick 

and affordable method of initial assessment of osteoporosis and fracture risk which is 

particularly useful in this cohort where Dual-energy X-ray absorptiometry (DXA) 

scanning is not a practical option. QUS has been shown to correlate well with DXA 

measurements (Yen et al. 2021) and has been used in other cohorts of older adults to 

assess bone health status (Burke et al. 2019). A timed up & go (TUG) test was 

conducted to test basic mobility in those who were physically able to complete the test 

(Podsiadlo & Richardson, 1991). 

Health and lifestyle questionnaire 

Participants provided information on lifestyle and general health including history of 

fracture, alcohol intake, smoking status and level of mobility. Information on past 

medical history including a diagnosis of osteoporosis recorded in medical records, 

dementia/cognitive impairment, vitamin D ± calcium supplement use, vitamin D 

supplementation dose, fracture history and use of medication known to affect bone 

health were collected from hospital records by the study clinical lead.  
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Biochemical data collection 

General Clinical Chemistry 

A full blood count was completed using a Sysmex automated analyser (Sysmex UK 

Ltd) at Ulster University. Liver, bone and electrolyte profiles were completed on serum 

samples using a Roche Modular Analyser. Parathyroid hormone (PTH) was measured in 

plasma using a fully automated clinical chemistry and immunoassay system. Liver, 

bone, electrolyte and PTH analysis was conducted by Altnagelvin Hospital Clinical 

Biochemistry Laboratory.  

Plasma 25(OH)D 

Vitamin D metabolites 25-hydroxyvitamin D2 (25(OH)D2) and 25-hydroxyvitamin D3 

(25(OH)D3) (ng/mL) were analysed in plasma samples using an ICH validated pre-

column derivatization with 4-Phenyl-1,2,4-triazoline-3,5-dione (PTAD) coupled with 

high-performance liquid chromatography - tandem mass spectrometry (HPLC-MS/MS) 

method at Ulster University. This method is currently regarded as the ‘gold-standard’ 

technique for analysis of vitamin D metabolites. Chromatographic separation was 

preformed using a Shimadzu Nexera UHPLC system (Kyoto, Japan) using a polar C18 

column (Phenomenex, Torrance, US) in a gradient mode from 50% acetonitrile with 

0.1%v/v formic acid to 100% acetonitrile achieving a run time of 15 min. Injection 

volume was set to 20 µL and column temperature of 40oC. Mass spectrometry detection 

was accomplished by an API 4000 triple quadrupole mass spectrometer (SCIEX, 

Macclesfield, UK) using a turbo ion spray in positive ion mode. Each metabolite was 

detected and quantified based on a previously optimised multiple reaction monitoring 

transition (MRM).  The MRM transition for 25(OH)D3 was m/z 558.3→ m/z 298.2 and 

for 25(OH)D2 was m/z 570.3→ m/z 298.2. For the internal standard (25(OH) D3-d6) 

MRM transition m/z 564.4→m/z 298.2 was used. Duplicate injections were made of 

each sample preparation and analysis reported the average (ng/mL) of 2 injections. 
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Dynamic range for 25(OH)D3 and (25(OH)D2) was from 2.5ng/mL to 200ng/mL and 

the Lower Limit of Quantification (LLOQ) of the method was 5ng/mL for 25(OH)D2 

and 2.5ng/mL for 25(OH)D3. Vitamin D results were then converted from ng/mL to 

nmol/L by multiplying ng/mL by 2.5. 

Bone turnover marker analysis 

Bone turnover markers (BTMs) osteocalcin (OC; turnover marker), C-terminal 

telopeptide of type 1 collagen (CTX; resorption marker) and procollagen type 1 N 

propeptide (P1NP; formation marker) were measured in serum samples using Roche 

kits at St James Hospital, Dublin, Ireland. For OC, within run precision was 0.8% at 

19.9ng/ml and between run precision 5.0% at 18.8ng/ml and 6.7% at 95.3ng/ml. The 

reference range is 14-46ng/ml for males 50-70 yrs and 15-46ng/ml for postmenopausal 

women (no HRT) and 13-48ng/ml for osteoporotic women. For CTX, the within run 

precision was 1.9% at 0.30ng/ml and between run precision 1.9% at 0.35ng/ml and 

2.4% at 0.78ng/ml. The reference range is <1.008ng/ml for postmenopausal women and 

<0.704 for males 50-70 yrs, and <0.854ng/ml males >70 yrs. For P1NP the within run 

precision was 1.2% at 31.5 ng/ml and the between run precision was 4.1% at 27.4ng/ml 

and 4.3% at 166ng/ml. The reference range is 15-90ng/ml for postmenopausal women 

and 15-80ng/ml for males 25-70yrs and 15-115ng/ml for males >70yrs.  

Inflammatory cytokine analysis 

Inflammatory cytokines were analysed in non-fasting serum samples using Meso Scale 

Discovery (MSD) multiplex assay. Markers of inflammation included C-reactive 

protein (CRP), IFN-γ & TNF-α, IL-1 β, IL-2, IL-4, IL-6, IL-8, IL-10, IL-12p70 and IL-

13. All markers of inflammation were measured as pg/mL, except for CRP which was 

measured in mg/L. The calculated concentration CV was ≤10% for CRP, IFN-γ, TNF-α, 

IL-4, IL-6, IL-8, IL-10 and IL-12p70. The remaining cytokines (L-1 β, IL-2 and IL-13) 
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had higher inter-assay variation owing to several samples falling below the lower limit 

of detection. For undetectable cytokines, LLOD/√2 values were inputted as a 

replacement value (Croghan & Egeghy, 2003). 

Statistical methods 

All data analyses were performed using Statistical Package for the Social Sciences 

(SPSS, IBM SPSS Statistics version 26). Nominal data were presented as mean (SD) 

and categorical variables presented as frequencies (n) and percentage (%). For the 

purpose of statistical analysis, participants who were prescribed just calcium (n 3) and 

just vitamin D supplementation (n 1) were combined with the vitamin D ± calcium 

supplement users group. Data were tested for normality using Kolmogorov-Smirnov 

statistic test.  

The primary outcome of this study was to determine 25(OH)D concentration and the 

prevalence of vitamin D deficiency (25(OH)D <25 nmol/L), insufficiency (25(OH)D 

25-50 nmol/L) and sufficiency (25(OH)D >50 nmol/L) for the cohort. Mann-Whitney U 

analysis was used to compare characteristics between sex, 25(OH)D concentration <50 

& >50 nmol/L, those prescribed vitamin D ± calcium supplement and those not 

prescribed supplementation. Secondary analyses using multiple regression analysis were 

performed to investigate associations between 25(OH)D concentration and 

musculoskeletal health parameters, BTMs and inflammatory cytokines. 

A multivariate general linear regression model was used to determine predictors of 

25(OH)D concentration. Predictors were entered simultaneously in two blocks. BMI, 

sex, age (model 1) and 25(OH)D concentration (model 2) were entered into the model 

for musculoskeletal health parameters, BTMs and inflammatory cytokines. BMI, sex, 

age (model 1), vitamin D ± calcium supplement use (model 2) were entered into the 

model for 25(OH)D concentration. Sensitivity analysis was conducted to determine if 
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there were any differences in using transformed data and untransformed data for 

regression analysis. It was found that using the untransformed data led to less skewed 

data and therefore untransformed data were presented. Significance was set at P<0.05 

throughout. 

Results 

Participant characteristics 

Biochemical analysis was available for 69 participants (n 68 for BTMs & CRP) due to 

refusal of blood sampling at appointment (n 12) or inability to obtain blood sample (n 

6). When comparing characteristics between participants who did have a blood sample 

available and those who did not, there was a significant difference in mean ± SD age in 

which those who provided a blood sample were significantly older (84.2 ± 7.3 vs. 79.4 

± 9.1 years, P= 0.04; respectively). Tables 1 and 2 summarise the characteristics of the 

cohort. Mean ± SD age and BMI for the total cohort were 83.21 ± 7.9 years and 27.87 ± 

7.42 kg/m2, respectively. Weight, T-score and muscle strength were significantly higher 

in males compared with females. CRP was relatively high in comparison to the normal 

reference range (0-5mg/L) and other studies in older adults (Laird et al. 2014; Poole & 

Steptoe, 2020) which may be due to the presence of infection or inflammatory 

conditions (e.g. rheumatoid arthritis) in this cohort. Only 22 out of 87 participants were 

eligible to partake in the TUG test, most frequently due to inability to push themselves 

up from the chair.  

A total of 32.2% of the cohort had osteoporosis recorded in medical records, whereas 

QUS heel scan results identified osteoporosis in 64.1% of the cohort.  Some 44.8% of 

participants had a history of low trauma fracture. Prescribed medications known to 

affect bone health included proton pump inhibitors (43.7%), bisphosphonates (19.5%), 

statins (55.2%), beta-blockers (21.8%) and anti-epileptics (13.8%). Out of the 87 
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participants, 49.4% (n 43) were prescribed vitamin D ± calcium supplements of which 

42.5% (n 37) were prescribed a supplement dose of 800IU vitamin D3/day. A total of 

34.5% of participants were chairbound, 32.2% were mobile to some extent and 33.3% 

were mobile to some extent outdoors. The majority of participants (91.3%) spent <30 

minutes outside each day. 

25(OH)D concentration 

Mean ± SD 25(OH)D concentration for the total group was 49.52 ± 35.58 nmol/L with a 

median ± interquartile range of 42.75 ± 57.58 nmol/L. Within the total group, 34.8% 

were classified as deficient (25(OH)D <25 nmol/L), 17.4% were insufficient (25-50 

nmol/L) and 47.8% were sufficient (25(OH)D >50 nmol/L). Some 20.3% of participants 

had 25(OH)D concentration <15nmol/L and 24.6% had 25(OH)D concentration 

>75nmol/L (figure 2). There was no significant difference in 25(OH)D concentration 

between males and females (45.21 ± 35.03 vs. 52.29 ± 36.07 nmol/L). Those with a 

25(OH)D concentration >50 nmol/L had a significantly lower PTH and total alkaline 

phosphatase concentration compared to those with 25(OH)D concentration <50 nmol/L. 

Predictors of physical and biochemical parameters 

Current 25(OH)D concentration was not a significant predictor of T-score, muscle 

strength, TUG or inflammatory cytokines with and without adjusting for covariates 

(Table 3). A higher 25(OH)D concentration was associated with lower bone turnover as 

demonstrated by significant negative associations with osteocalcin (β= -0.395; P= 

0.001), P1NP (β= -0.320; P= 0.012) and CTX (β= -0.377; P= 0.003) in both the model 

adjusted for covariates and without adjustment. Being female was a significant negative 

predictor of T-score (β= -0.439; P= <0.001) and muscle strength (β= -0.582, P= <0.001) 

and a positive predictor of a higher IL-12p70 concentration (β= 0.316; P=0.01) (Table 

4). A higher BMI was associated with a significantly higher TUG score (β= 0.497, P= 
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0.030) after adjustment for covariates and a higher IL-10 concentration with and 

without adjustment for covariates (β= 0.268, P= 0.030).  

Predictors of 25(OH)D concentration 

BMI, sex and age were not significant predictors of 25(OH)D concentration in either 

model; however, being prescribed a vitamin D ± calcium supplement was significantly 

associated with higher 25(OH)D concentration (β= 0.610, P= <0.001) and together 

accounted for 40% of the variance in 25(OH)D concentration (Table 3). 

Discussion 

This study provides the first evidence for a high prevalence of vitamin D deficiency and 

insufficiency in care home residents in NI. Of concern, we identified a significant 

number of residents with extremely low 25(OH)D (20.3% 25(OH)D <15 nmol/L) which 

is known to have negative implications for musculoskeletal health and immune 

responses. In this cohort, some 47.8% of participants achieved 25(OH)D concentration 

>50 nmol/L, with only 24.6% having a 25(OH)D concentration above 75 nmol/L. 

Higher 25(OH)D was attributed to the prescription of vitamin D ± calcium 

supplementation. Although 25(OH)D concentration was not a predictor of T-score, 

muscle strength, TUG or any of the immune markers, study recruitment was curtailed 

by the onset of the COVID-19 pandemic and therefore the sample size may not have 

been sufficient to test for these associations. It is worth noting that participants 

identified with osteoporosis and appropriately treated would usually be prescribed 

vitamin D, and these subjects would therefore have high 25(OH)D concentrations and a 

low T-score due to osteoporosis. Conversely, participants with undiagnosed 

osteoporosis, would have a low T-score and most likely a low 25(OH)D concentration. 

This relationship may explain why no association between 25(OH)D concentration and 

T-score was observed in the current study. We did observe significant associations 
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between higher 25(OH)D and lower bone turnover and PTH supporting a role for 

vitamin D in maintaining bone health in this vulnerable group. 

The mean 25(OH)D concentration was 49.52±35.58 nmol/L which is similar to that 

reported by other studies of care home residents from various geographical regions 

(Terabe et al. 2012; Kojima et al. 2013; Kojima et al. 2017). Mean 25(OH)D 

concentration was substantially higher in supplement-users compared to non-supplement 

users (71.74 vs. 27.93 nmol/L; respectively) nevertheless, some 52.9% of residents were 

not receiving any form of vitamin D supplementation irrespective of the 10µg/day 

recommended by SACN in the UK, which is cause for concern. In addition, observation 

studies of care home residents show that dietary intake of vitamin D is as low as 

1.27µg/day and sunlight exposure as little as a couple of minutes per day (Portela et al. 

2010) placing them at high risk of year-round vitamin D deficiency. Within our study, 

sunlight exposure was limited, with 91.3% self-reporting spending <30 minutes outside 

per day and collectively highlights the need for measures to enhance vitamin D 

supplementation within this at-risk group. 

Vitamin D deficiency up to 80% (Samefors et al. 2014) and even over 90% (Portela et 

al. 2010; Diekmann et al. 2013) has been reported in other cohorts of care home 

residents; however, these studies used a cut-off of 25(OH)D <50 nmol/L to define 

deficiency. Based on a cut-off of <50 nmol/L, prevalence of vitamin D deficiency 

would increase from 34.8% to 52.2% in our study. It is evident from the available 

literature and our own data, that a more meaningful picture can be drawn from 

describing the rates of vitamin D deficiency rather than mean 25(OH)D concentration 

when considering care home residents. Mean 25(OH)D concentration, which in this 

study is close to sufficiency, may conceal the fact that many residents are vitamin D 

deficient and prevent the introduction of vitamin D supplementation for all residents to 

ensure 25(OH)D concentrations reach sufficiency. 
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Our findings show that a greater 25(OH)D concentration was a significant negative 

predictor of BTMs; osteocalcin, P1NP and CTX, which has also been observed in care 

home residents in Spain and Argentina (Portela et al. 2010). In addition to our finding 

on BTMs, PTH concentration was twice as high in participants with a 25(OH)D 

concentration <50 nmol/L compared to those with a 25(OH)D concentration >50 

nmol/L. Given the established role of PTH in calcium homeostasis and its action to 

stimulate bone remodelling, these findings highlight the importance of maintaining a 

higher 25(OH)D concentration for the prevention of bone loss in care home residents. 

Similar to our results, others have found 25(OH)D concentration is significantly higher, 

and rates of deficiency are lower in cohorts where vitamin D supplement use is greater 

(Macdonell et al. 2016; Kojima et al. 2017). The use of vitamin D supplements is 

frequently not reported in care home studies (McWilliams et al. 2011; Verhoeven et al. 

2011; Törmä et al. 2015; Griffin et al. 2020) or often participants are excluded from 

observational studies if they are on supplementation (Portela et al. 2010; Kojima et al. 

2013; Samefors et al. 2014; Navarro-Martínez et al. 2016) making it difficult to 

interpret the true prevalence of vitamin D deficiency in care home residents. Vitamin D 

supplement use has been shown to be as low as <10% in some cohorts of care home 

residents (Kruavit et al. 2012; Maeda et al. 2013; Sousa et al. 2019). Vitamin D ± 

calcium supplementation was shown to be a significant predictor of a higher 25(OH)D 

concentration.  From the 41 participants prescribed vitamin D, 37 were prescribed 

800IU (20µg dose) which suggest the SACN recommendation of 10µg per day may not 

be sufficient to sufficiently increase status in this age group.  

Observational studies of care home residents have reported varying rates of osteoporosis 

within the literature (19.7%, 25.4%, 47.3%) (McWilliams et al. 2011; Kruavit et al. 

2012; Kucukler et al. 2017). Our study showed that following heel scan with the bone 

ultrasonometer, twice as many residents had osteoporosis compared to known 
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osteoporosis from their medical records. Our findings show that 4 residents with known 

osteoporosis from medical records were not receiving vitamin D ± calcium 

supplementation compared to 21 residents that had osteoporosis based on QUS heel 

scan who were not receiving supplementation. These findings suggest that osteoporosis 

may be underdiagnosed and undertreated in this group and using a portable bone 

ultrasonometer may play a role in diagnosing osteoporosis in residents unable to attend 

for a full DXA scan. 

This study has presented data in a well characterised cohort of care home residents, with 

information collected on several robust outcome parameters that were comparable with 

other observational studies conducted in this research area (McWilliams et al. 2011; 

Peláez et al. 2015; Kucukler et al. 2017; Schwartz et al. 2018; Okan et al. 2020). 

Moreover, this study is the first to report on the 25(OH)D concentration of care home 

residents in NI and although recruitment and sample size were limited by the COVID-

19 pandemic, the authors have added important clinical data to the current limited body 

of evidence available on predictors of physical and biochemical parameters of health in 

care home residents. This study included participants who had cognitive 

impairment/dementia, a vulnerable group often excluded from observational studies of 

care home residents. In addition, our study included participants who were taking 

vitamin D ± calcium supplementation and are often frequently excluded from research 

studies. Future studies should include a larger cohort with a longer study duration, 

assessing outcome measures at multiple time points, which was not within the limits of 

this study.  

Conclusion 

Within this cohort of care home residents in NI, there was a high prevalence of vitamin 

D deficiency and insufficiency and a greater 25(OH)D concentration was associated 

with reduced bone turnover which is important for the prevention of bone loss and 
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maintenance of bone health in this group. Many residents without a formal diagnosis of 

osteoporosis had a low T-score as measured by QUS heel scan. Mean 25(OH)D 

concentration is not the most appropriate way to describe vitamin D status in a 

population, owing to the significant variation in 25(OH)D concentration between those 

prescribed vitamin D ± calcium supplementation and those who were not. A more 

meaningful picture can be drawn from describing the rates of vitamin D deficiency 

rather than mean 25(OH)D concentration when considering care home residents. 

Prescription of vitamin D ± calcium supplements was strongly associated with a higher 

25(OH)D concentration albeit many residents do not receive calcium or vitamin D 

supplementation. These findings strongly support the arguments for mandatory 

supplementation policy specific for care home residents or introduction of fortified 

foods to prevent vitamin D deficiency. 
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Figure 1. Strobe flow diagram of observation study 
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Figure 2. Plasma 25(OH)D concentration (nmol/L) of (n 69) participants within deficient, insufficient and sufficient vitamin D status categories 
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Figure 3. Vitamin D ± calcium supplement use by category of plasma 25(OH)D concentration
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Table 1. Supplement use and musculoskeletal health of care home residents  

Descriptive n Frequency (%) 

Vitamin D/calcium use n 87 

Vitamin D + calcium 40 (46.0) 

No supplementation 43 (49.4) 

Calcium alone 3 (3.4) 

Vitamin D alone 1 (1.2) 

Vitamin D dose  

No Supplementation 46 (52.9) 

200IU 1 (1.15) 

400IU 2 (2.3) 

500IU 1 (1.15) 

800IU 37 (42.5) 

T Score Category¥  n 78 

Normal 11 (14.1) 

Osteopenia  17 (21.8) 

Osteoporosis  50 (64.1) 

Known Osteoporosis¤  

Yes  28 (32.2) 

No 59 (67.8) 

History of Low Trauma Fracture n 87 

Yes 39 (44.8) 

No  48 (55.2) 

No of Low Trauma Fractures  

1 25 (28.7) 

2 7 (8.1) 

3 4 (4.6) 

>3 3 (3.4) 

No history of fracture 48 (55.2) 

Dementia/Cognitive Impairment  
Yes  30 (34.5) 

No 57 (65.5) 

BMI Category  n 86 

<18.5 kg/m2 2 (2.3) 

18.5-24.9 kg/m2 38 (44.2) 

25-29.9 kg/m2 17 (19.8) 

>30 kg/m2 29 (33.7) 

Data Presented as Frequency (Percentage). IU; international units, BMI; Body Mass 

Index.  

¥T-score based on heel ultrasound assessment 

 ¤Recorded by medical practitioner from medical records 
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Table 2. Descriptive characteristics of care home residents 

Descriptives Total cohort Males  Females 

25(OH)D 

 <50 nmol/L 

25(OH)D  

>50 nmol/L 

  n 87 n 35 n 52 n 36 n 33 

Age (years) 83.21±7.9 81.29±8.57 84.5±7.2 83.89±7.13 84.52±7.56 

Height (m) 1.65±0.11 1.72±0.09 1.6±0.08** 1.64±0.10 1.65±0.11 

  n 86 n 34 n 52 n 35 n 33 

Weight (kg) 75.94±21.4 81.45±20.66 72.33±21.3* 78.81±19.81 73.56±21.95 

Body Mass Index (kg/m2) 27.87±7.42 27.46±6.32 28.3±8.1 29.51±7.6 26.88±6.6 

  n 78 n 30 n 48 n 32 n 31 

T Score¥ -2.8±1.61 -1.89±1.68 -3.4±1.25** -2.7±1.53 -2.76±1.83 

  n 76 n 31 n 45 n 32 n 30 

Muscle strength (kg) 12.37±5.88 16.49±6.38 9.52±3.3** 13.6±5.99 11.92±6.43 

  n 22 n 11 n 11 n 9 n 11 

TUG (seconds) 39.17±14.24 37.32±16.04 41.03±12.7 39.02±12.85 39.15±15.13 

Biochemical analysis n 69 n 27 n 42 n 36 n 33 

25(OH)D (nmol/L) 49.52±35.58 45.21±35.03 52.29±36.07 19.8±11.7 81.94±21.5** 

Alkaline Phosphatase (U/L) 103.42±58.4 98.85±29.11 106.36±71.39 115.69±73.36 90.03±31.73* 

AST (U/L) 19.35±10.39 19.3±9.28 19.38±11.15 17.92±9.9 20.91±10.82 

ALT (U/L) 15.09±9.39 17.67±9.34 13.43±9.15* 15.69±11.46 14.42±6.54 

GGT (U/L) 47.23±57.81 37.78±32.33 53.31±69.16 54.36±53.34 49.27±63.12 

Urea (mmol/L) 8.4±3.33 8.08±2.97 8.6±3.56 8.39±2.92 8.39±3.77 

Creatinine (mmol/L) 99.28±37.7 104.07±31.91 96.19±41.06 97.31±34.72 101.42±41.13 

Est GFR (mL/min) 51±11.18 53.26±9.10 49.55±12.22 51.44±11.28 50.52±11.23 

Adjusted Calcium (mmol/L) 2.26±0.15 2.24±0.10 2.27±0.17* 2.26±0.08 2.26±0.20 

  n 68 n 27 n 41 n 36 n 32 
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PTH (ng/L) 76.62±56.86 65.05±45.62 84.24±62.56 101.47±65.48 48.66±24.96** 

Phosphate (mmol/L) 1.16±0.17 1.13±0.21 1.17±0.13 1.15±0.20 1.16±0.12 

Markers of inflammation n 69 n 27 n 42 n 36 n 33 

TNF α (pg/mL) (0.04–248) 4.87±2.03 4.69±1.99 4.98±2.07 4.84±1.82 4.89±2.26 

IFN Y (pg/mL)  (0.37–938) 31.95±106.86 12.01±15.16 44.78±135.51 29.72±85.81 34.39±127.28 

IL-1B (pg/mL) (0.05–375) 0.21±0.22 0.24±0.24 0.19±0.21 0.22±0.22 0.19±0.23 

IL-2 (pg/mL) (0.09–938) 0.73±1.63 0.49±0.55 0.89±2.04 0.7±1.78 0.77±1.48 

IL-4 (pg/mL) (0.02–158) 0.02±0.02 0.02±0.02 0.02±0.01 0.02±0.01 0.02±0.02 

IL-6 (pg/mL) (0.06–488) 3.36±3.77 3.95±5.17 2.98±2.49 3.06±2.98 3.69±4.5 

IL-8 (pg/mL) (0.07–375) 36.27±33.89 29.56±29.36 40.58±36.2 38.87±36.69 33.43±30.86 

IL-10 (pg/mL) (0.04–233) 0.88±2.58 1.18±3.89 0.69±1.17 1.21±3.51 0.53±0.62 

IL-12p70 (pg/mL) (0.11–

315) 0.21±0.24 0.12±0.07 0.27±0.29* 0.21±0.2 0.20±0.27 

IL-13 (pg/mL) (0.24–353) 0.51±0.35 0.5±0.42 0.52±0.30 0.54±0.39 0.48±0.31 

Bone Turnover Markers n 68 n 26 n 42 n 35 n 32 

Osteocalcin (ng/ml) (14-46 

males 50-70 yrs, 15-46 

PMW no HRT, 13-48 

osteoporotic women) 28.16±20.18 24.05±14.17 35.7±22.93 35.05±23.52 19.48±9.98** 

P1NP (ng/ml) (15-90ng/ml 

for PMW, 15-80ng/ml males 

25-70 yrs, 15-115ng/ml for 

males >70yrs) 62.63±45.63 56.75±29.32 66.27±53.32 75.76±54.42 47.17±27.74* 

CTX (ng/ml) (<1.008 PMW, 

<0.704 males 50-70 yrs, 

<0.854 males >70 yrs) 0.45±0.27 0.41±0.22 0.47±0.30 0.53±0.29 0.34±0.18** 

  n 68 n 27 n 41 n 35 n 33 

CRP (mg/L) (0-5) 24.85±37.66 26.87±43.44 23.51±33.84 22.98±30.8 26.83±44.21 
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Data Presented Mean ± Standard deviation 

¥T-score based on heel ultrasound assessment 

TUG; Timed up and Go Test, 25(OH)D; 25-hydroxyvitamin D, Est GFR; estimated glomerular filtration rate, AST; aspartate aminotransferase, ALT; 

alanine transaminase, GGT; gamma-glutamyl transferase, PTH; parathyroid hormone, TNF α; tumour necrosis factor alpha, IFN-Y; interferon gamma, 

IL-1B; interleukin-1-beta, IL-2, 4, 6, 8, 10, 12, 13; interleukin 2, 4, 6, 8, 10, 12, 13, PMW; postmenopausal women, yrs; years, P1NP; total procollagen 

type 1 N-terminal propeptide, CTX; C-terminal telopeptide of type 1 collagen, CRP; C-reactive protein. 

P value obtained from Mann-Whitney U test. P <0.05* and P<0.001** denotes significance 
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Table 3. Multiple regression showing associations between 25(OH)D concentration and physical and biochemical parameters in care home residents 

Dependant Model1 

 

Predictor variables R2 Standardised β P value 

T-score 1 BMI  -0.102 0.332 

   Sex  -0.439 <0.001* 

  Age 0.246 -0.152 0.150 

  2 25(OH)D 0.299 0.023 0.840 

Muscle strength (kg) 1 BMI  0.190 0.054 

   Sex  -0.582 <0.001* 

  Age 0.380 -0.061 0.539 

  2 25(OH)D 0.475 -0.073 0.475 

TUG (seconds) 1 BMI  0.497 0.030* 

   Sex  0.058 0.778 

  Age 0.270 0.283 0.190 

  2 25(OH)D 0.277 0.066 0.785 

Osteocalcin (ng/ml) 1 BMI  0.090 0.477 

   Sex  0.150 0.238 

  Age 0.038 0.082 0.523 

  2 25(OH)D 0.202 -0.395 0.001* 

P1NP (ng/ml) 1 BMI  0.127 0.317 

   Sex  0.103 0.420 

  Age 0.026 -0.021 0.870 

  2 25(OH)D 0.123 -0.320 0.012* 

CTX (ng/ml) 1 BMI  0.022 0.865 

   Sex  0.106 0.408 

  Age 0.015 0.045 0.730 
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  2 25(OH)D 0.171 -0.377 0.003* 

25(OH)D (nmol/L) ¥ 1 BMI  -0.228 0.067 

   Sex  0.083 0.508 

  Age 0.058 -0.044 0.730 

  2 

Vitamin D ± calcium 

supplement use 0.413 0.610 <0.001* 
1Model 1: Adjusting for BMI, sex and age 

1Model 2: Further adjusting for 25(OH)D concentration 

1Model 2: Further adjusting for vitamin D ± calcium supplement use for 25(OH)D concentration¥ 

BMI; body mass index, β; beta-coefficient, TUG; timed up and go test, P1NP; procollagen type 1 N propeptide, CTX; C-terminal telopeptide of type 1 

collagen, 25(OH)D, plasma 25-hydroxyvitamin D 
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Table 4. Multiple regression showing associations between 25(OH)D concentration and inflammatory cytokines 

Dependant Model1 

 

Predictor variables R2 Standardised β P value 

TNF α (pg/mL) 1 BMI  0.065 0.597 

   Sex  0.072 0.568 

  Age 0.045 0.179 0.163 

  2 25(OH)D 0.045 0.009 0.941 

IFN Y (pg/mL) 1 BMI  0.078 0.532 

   Sex  0.138 0.281 

  Age 0.029 0.050 0.695 

  2 25(OH)D 0.033 -0.058 0.652 

IL-β (pg/mL) 1 BMI  0.109 0.383 

   Sex  -0.088 0.491 

  Age 0.020 0.010 0.938 

  2 25(OH)D 0.028 -0.094 0.465 

IL-2 (pg/mL) 1 BMI  -0.036 0.772 

   Sex  0.105 0.412 

  Age 0.020 0.059 0.649 

  2 25(OH)D 0.026 -0.085 0.508 

IL-4 (pg/mL) 1 BMI  -0.215 0.085 

   Sex  -0.041 0.745 

  Age 0.050 -0.068 0.595 

  2 25(OH)D 0.062 0.114 0.369 

IL-6 (pg/mL) 1 BMI  0.108 0.388 

   Sex  -0.138 0.281 

  Age 0.031 0.082 0.521 
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  2 25(OH)D 0.040 0.102 0.425 

IL-8 (pg/mL) 1 BMI  0.016 0.897 

   Sex  0.148 0.247 

  Age 0.032 0.069 0.589 

  2 25(OH)D 0.065 -0.189 0.136 

IL-10 (pg/mL) 1 BMI  0.268 0.030* 

   Sex  -0.087 0.485 

  Age 0.08 0.011 0.930 

  2 25(OH)D 0.096 -0.133 0.285 

IL-12p70 (pg/mL) 1 BMI  0.011 0.924 

   Sex  0.316 0.012* 

  Age 0.099 -0.004 0.976 

  2 25(OH)D 0.103 -0.060 0.629 

IL-13 (pg/mL) 1 BMI  -0.032 0.798 

   Sex  0.051 0.692 

  Age 0.004 -0.021 0.873 

  2 25(OH)D 0.009 -0.076 0.559 

CRP (mg/L) 1 BMI  0.055 0.663 

   Sex  -0.032 0.806 

  Age 0.007 -0.043 0.741 

  2 25(OH)D 0.012 0.067 0.605 
1Model 1: Adjusting for BMI, sex and age 

1Model 2: Further adjusting for 25(OH)D concentration 
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BMI; body mass index, β; beta-coefficient, TNF α; Tumour Necrosis Factor Alpha, IFN-Y; Interferon Gamma, IL-1B; Interleukin-1-Beta, IL-2, 4, 6, 8, 

10, 12, 13; Interleukin 2, 4, 6, 8, 10, 12, 13 
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Chapter 4: 

Contribution of care home menus to dietary intake of 

vitamin D in residents: modelling based on analysis of 

menus with and without fortified milk  
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Abstract 

Background & Aims Poor dietary intake alongside limited sunlight exposure are strong 

contributors to high rates of vitamin D deficiency observed in care home residents. The 

aim of this study is to determine if care home menus in NI are meeting the 

recommendations for vitamin D, as well as other nutrients important for bone health. 

The application of a dietary analysis model will also investigate the difference between 

the inclusion of fortified or non-fortified milk within the care home menus to determine 

its impact on dietary contribution of vitamin D. 

Methods Care homes (n=10) within the Western Health and Social Care Trust were 

recruited as part of a wider study investigating vitamin D and musculoskeletal health in 

care home residents. For those that agreed to provide their menu for analysis, nine 

theoretical food logs were created, consisting of food/drink items selected from the 

menus over 12 days. Mean nutrient contribution, with an emphasis on vitamin D, 

calcium and protein, were calculated and expressed as a percentage (%) of the nutrient 

Dietary Reference Value/Reference Nutrient Intake. The top five food/drink items 

contributing to the greatest dietary contribution of nutrients were identified. Data were 

modelled with all milk replaced with a vitamin D-fortified milk and mean contribution 

of vitamin D, calcium and protein recalculated. 

Results The nutritional contribution of care home menus in Northern Ireland to dietary 

intake of vitamin D is low (3.72µg/d), with only one food log out of 90 meeting the 

10µg recommendation. Replacing full-fat milk with fortified milk, in the models, 

resulted in an increase in mean dietary contribution of vitamin D of 40.5%, from 3.7µg 

to 5.2µg/d.  

Conclusion Care home residents, particularly those who are severely deficient/deficient 

in vitamin D, may require additional supplementation owing to dietary sources not 
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being sufficient to meet the recommendation for vitamin D. Our findings highlight the 

need for specific dietary guidelines for care home residents who are at significant risk of 

vitamin D deficiency. 

Keywords: Vitamin D, care home, older adults, dietary intake, reference nutrient 

intake, dietary reference value 
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Introduction 

Vitamin D, through its role in calcium homeostasis and bone mineralization, is essential 

for the maintenance of bone health. Deficiency of vitamin D is a risk factor for 

osteoporosis, fractures, muscle weakness and falls in older adults (Wu & Pang, 2017; 

Hill & Aspray, 2017). Unpublished work by our research group has identified a high 

prevalence of vitamin D deficiency is reported in care home residents globally including 

Northern Ireland (NI). Poor dietary intake alongside limited sunlight exposure for sub-

cutaneous synthesis of vitamin D (Portela, et al. 2010) are strong contributors to higher 

rates of deficiency observed in care home residents as compared to community dwelling 

older adults (Okan et al. 2020). Inadequate dietary intake of vitamin D and other 

nutrients associated with musculoskeletal health is frequently reported in older adults , 

with the most vulnerable group being care home residents (Rodríguez-Rejón et al. 

2019).  

In the United Kingdom (UK), guidance is available for dietary recommendations of 

vitamin D, albeit there is no specific guidance for care home residents. The Scientific 

Advisory Committee for Nutrition (SACN) have set their current recommendation for 

vitamin D as 10µg/day for the whole population, however other countries such as the 

United States and the Republic of Ireland recommend much higher intakes of between 

15-20µg/day for older adults specifically (FSAI, 2021). Research has shown that dietary 

intakes of vitamin D in care home residents are as low as 1.3 – 2.3µg/day (Portela et al. 

2010; Sousa et al. 2019). In the UK, community dwelling older adults are consuming 

~5µg/day from all sources (including supplements), with institutionalised older adults 

consuming as little as 3-4µg/day vitamin D (SACN, 2016).  

Menu planning in care homes is vital to meet the nutritional needs and preferences of 

residents, to consider the practicalities of food production, to promote health, encourage 

food intake and improve quality of life (Vucea et al. 2017). Repetitive menus lacking 
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variety as well as insufficient assistance for residents during mealtimes both negatively 

impact on dietary intakes (Rodríguez-Rejón et al. 2017). Physical limitations associated 

with ageing and medical factors such as multiple comorbidities and polypharmacy can 

also result in inadequate nutritional intake (Landi et al. 2016). Therefore, special 

consideration should be given to include dietary sources rich in nutrients known to be 

deficient in this age group such as vitamin D. 

With dietary intakes poor and supplement use in this group sporadic (Viveky et al. 

2012; Williams et al. 2020), research has shown that food-based fortification or 

densification could be a potential approach to combat nutritional inadequacy in older 

adults owing to its simplicity, low cost and positive impact on improving overall 

nutritional intake (Leslie et al. 2013; Morilla-Herrera et al. 2016). While the benefits of 

a nutrient-dense and balanced diet are well known in theory, in practice there is little 

known about whether older adults are actually achieving recommendations for nutrients 

through the menus on offer in care homes in the UK. 

Therefore, the aim of this study was to determine if care home menus in NI are meeting 

the recommendations for vitamin D, as well as other nutrients important for bone health. 

Secondary analysis will identify food items from the care home menus with the greatest 

contribution of these nutrients. The application of a dietary analysis model will also 

investigate the difference between the inclusion of fortified or non-fortified milk within 

the care home menus to determine its impact on the dietary contribution of vitamin D. 

Methods 

Data collection measures 

Care homes within the Western Health and Social Care Trust (WHSCT) were recruited 

as part of a larger cross-sectional study investigating the vitamin D status and bone 

health of older adults within care homes in NI. A total of 10 care homes agreed to 
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provide their menus for analysis (fig 1). Each care home provided a 3-week 7-day menu 

cycle to account for variations between the food offered across a 3-week period. The 

structure of the menus within each care home were similar, with a buffet style breakfast 

including several food/drink options, two meal options for lunch, two meal options for 

dinner, with additional snacks and drinks. Each individual food item for each menu 

from each care home was inputted into Microsoft Excel to allow for random selection of 

menu items.  

Modelling of dietary contribution 

The profile of nine participants from the main cross-sectional study were selected at 

random. For these nine individuals, their dietary intake was modelled based on the nine 

individuals being residents of each of the 10 care homes. Mean (SD) age, weight and 

BMI were 87.7 (7.6) years, 72.7 (13.3) kg and 25.8 (0.7) kg/m2; respectively. In order to 

model an average dietary contribution for each care home, a total of nine theoretical 

food logs were created for each of the 10 care homes (90 food logs in total). Each 

individual had a food log which consisted of 12 days, a 4-day simulated food diary (2 

weekdays, 2 weekend days) for each of the 3-week menu cycles for each care home (12 

days in total per care home). Food and drink choices for each eating occasion were 

randomly selected from the available options for each eating occasion for each day to 

reduce researcher selection bias. Weekday options were selected from Monday to 

Friday and weekend days were Saturday and Sunday.  

Nutritional analysis 

Once food and drink selections were made, a set of standardised rules were devised for 

consistency of data entry before each food log was inputted into nutritional software 

Nutritics (Nutritics Ltd, Ireland) for analysis. It was assumed that every care home used 

full fat products and all hot drinks and cereals were made using full fat milk. All portion 

sizes were assumed to be the default/preferred portion size and therefore the 
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demographic average portion given by Nutritics was used. It was assumed that all food 

served was consumed by residents. A final quality check on the weights of the food 

items was conducted by two independent researchers to ensure any errors were 

corrected prior to nutritional analysis. Two independent researchers also checked each 

of the food logs for any missing meal occasions. 

This provided detailed nutritional information on energy (kcal & MJ), macronutrients and 

micronutrients for each food log for each care home individually and an average for all 

10 care home food logs combined. Contribution data was compared to the UK Dietary 

Reference Values (DRVs) or the Reference Nutrient Intakes (RNIs).  

Statistical analysis 

Statistical analysis was completed using Statistical Package for the Social Sciences (SPSS 

v26, IBM, Chicago, IL, USA). The average macro/micronutrients contribution for all care 

home menus combined were calculated and data were presented as mean (standard 

deviation). Mean contribution of vitamin D, calcium and protein were then expressed as 

a percentage (%) of the nutrient DRV/RNI. Based on the assumption that residents 

consume 50% of food offered owing to poor appetite, dysphagia, illness and inability to 

eat by themselves (Vucea et al. 2017), secondary analysis expressed the mean 

contribution of vitamin D, calcium and protein as a percentage (%) of the nutrient 

DRV/RNI following 100%, 75%, 50% and 25% consumption of food. 

Individual food items were ordered highest to lowest (individually for vitamin D, 

calcium and protein content) from all menus and the top five food/drink items 

contributing to vitamin D, calcium and protein were identified. Comparison of 

substituting non-fortified milk option vs. fortified milk option was completed. Data 

were adjusted so that all milk (entered as average full-fat milk in Nutritics) was replaced 

with a vitamin D fortified milk (2µg vitamin D/100ml). The mean (SD) for vitamin D, 

calcium and protein for all care homes combined was then recalculated. 
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Results 

Nutrient contribution 

Table 1 summarises the mean (standard deviation) intake of energy and nutrients for all 

ten care homes combined following nutritional analysis. Dietary contribution of most 

macronutrients, (energy, protein, free sugars, total fat and saturated fat) were above the 

recommendations. Mean contribution of free sugars was +61.3% over the <30g/day 

recommended maximum intake for this nutrient. This was also the case for total fat and 

saturated fat in which total fat was +19.9% above the <70g/d recommendation and 

saturated fat was +86.1% over the <20g/d recommendation. Total carbohydrate and in 

particular fibre, was below the recommendation, with total carbohydrate -10.2% below 

the recommendation of at least 260g/d and fibre, -31% below the 30g/d 

recommendation. Contributions of vitamin A, vitamin E, vitamin C, B1, B2, B3, B6, B9 

and B12 were above the UK RNI, with vitamin D well below the RNI (RNI: 10µg vs. 

actual contribution: 3.7 µg). Of all the vitamins, B12 exceeded the recommendation by 

the greatest amount (+413.3%). In terms of mineral contribution, sodium, calcium, iron, 

phosphorus and zinc (female) were above the recommendations whereas mean 

potassium, magnesium, zinc (male) and selenium were below the recommendations. 

Phosphorus exceeded the recommendation by the greatest amount out of all the 

minerals (+247.5%). 

Mean contribution of nutrients important for bone health expressed as a percentage (%) 

of the nutrient DRV/RNI following 100%, 75%, 50% and 25% consumption of food are 

shown in fig 2 & 3. Following 50% consumption of food, none of the 90 individual 

food logs met the recommendation for vitamin D (10µg/day) or for protein (males: 

56g/day). In addition, only 11 out of the 90 met the recommendation for calcium 

(700mg/day) and 13 out of 90 met the recommendation for protein in females 

(45g/day). 
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Top food item contributors of nutrients important for bone health 

The top five food/drink items with the greatest mean contribution of vitamin D, calcium 

and protein are shown in table 3. Four out of the top 5 contributors of vitamin D were 

fish sources. It was found that a sweet malted hot milk drink made with whole milk was 

one of the top contributors for both vitamin D and calcium. All of the top five 

contributing items for protein were meat based. 

Dietary modelling 

Substitution of average full-fat milk for vitamin D fortified milk did not lead to a 

change in protein or calcium contributions but it did lead to a subsequent increase of 

+1.5 µg/day (+40.5%) in mean vitamin D (from 3.7 to 5.2 µg/day) (table 4).  

Discussion 

This study provides the first evidence of the nutritional contribution of care home 

menus in NI, highlighting a particularly low dietary contribution of vitamin D (3.7 

µg/d), with only one individual out of the 90 simulated food logs meeting the current 

UK 10µg recommendation. Modelling for 50% consumption of food chosen, showed 

that none of the 90 simulated food logs met the recommendation for vitamin D 

(10µg/day) or the protein recommendations for males, with only 11 and 13 out of 90 

meeting the recommendations for calcium and protein in females respectively. Inclusion 

of oily fish and malted hot drinks as menu options in all care homes could help increase 

vitamin D intakes given the significant amount of vitamin D present in these foods as 

demonstrated in the current study. In our example of dietary modelling, replacement of 

full-fat milk with a fortified milk option within the menus of the care homes resulted in 

an overall increase in mean vitamin D of 40.5%, from 3.7µg to 5.2µg/d. Without further 

vitamin D fortification options for all care home residents, in particular those who are 

severely deficient/deficient in vitamin D, however, may still require additional 
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supplementation owing to dietary sources not being sufficient to meet the 

recommendation for vitamin D. 

Vitamin D is important for bone health especially in older adults. Vitamin D regulates 

intestinal absorption of calcium and stimulates bone resorption resulting in the 

maintenance of serum calcium concentrations (Sunyecz, 2008). Similar to other studies 

in care homes, we report that the dietary recommendations for vitamin D are not being 

met (Rodríguez-Rejón et al. 2017; Keller et al. 2018).  It has also been reported that 

residents do not eat enough of the food offered (Buckinx et al. 2017; Sossen et al. 

2020), with research stating that as little as one in ten care home residents finish a full 

meal each day (Sossen et al. 2020), typically only consuming approximately 50% of 

food offered (Vucea et al. 2017). When dietary logs were modelled in this study, based 

on only 50% of food being consumed, none of the 90 food logs met the 

recommendation for vitamin D. A lack of dietary vitamin D is one factor contributing to 

vitamin D deficiency in this vulnerable group who have poor synthesis of vitamin D 

owing to lack of sunlight exposure and sporadic use of vitamin D supplementation. 

Vitamin D deficiency puts care home residents at significant risk of developing 

osteoporosis (Muñoz-Garach, et al. 2020), falls and fractures. Therefore, it is important 

that measures are put in place to ensure that care home menus are tailored to provide a 

wide variety of nutrients for overall health and well-being, with a particular focus on 

vitamin D given the known high incidence of deficiency in this group (Arnljots et al. 

2017). Although Public Health England (PHE) have developed a toolkit for serving 

food to older adults within care homes (PHE, 2017), there is a lack of consensus on the 

standards that should be implemented within these care homes and it is often up to the 

care home management and catering team to decide on the menu options (Chao et al. 

2009; Schmir et al. 2018). Our study highlights the need for care home specific dietary 
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recommendations as this group may have greater nutritional requirements than are 

currently recommended, particularly for vitamin D (Griffin et al. 2020). 

The top four out of five food items contributing to dietary vitamin D on care menus in 

the present study were fish, with oily fish shown to be a significant source of vitamin D 

(Lu et al. 2007). Nevertheless, oily fish, such as kippers were only offered by one of the 

care homes as a menu item despite the current advice from PHE recommending 2 

portions of fish/week with one being an oily fish (PHE, 2017). Replacing fish fingers or 

fish cakes (most commonly consumed fish options in this study) with an oily fish option 

could potentially be an effective implementation for all care home menus to improve 

dietary intakes of vitamin D. Consumption of a sweet malted hot drink made with whole 

milk was also shown to be a top contributor to both dietary vitamin D and calcium, with 

one 300g serving providing nearly half of the RNI for both nutrients. Others have 

shown that dairy products are a food group regularly neglected from care home menus 

(Schmir et al. 2018; Rodríguez-Rejón et al. 2017) and that fortification of food items in 

care homes (Beelen et al. 2017) could improve nutritional intakes and benefit bone 

health. 

Several studies using a variety of fortified food interventions have been conductedin a 

care home setting, including fortified milk (Grieger et al. 2009), cheese (bonjour et al. 

2011) and yogurt (bonjour et al. 2013), with a scoping review of food fortification in 

bone health in adulthood stating that a majority of studies have evaluated vitamin D ± 

calcium fortification and showed that in postmenopausal women and older adults , this 

led to a significant improvement in vitamin D status, provided a greater prevention of 

secondary hyperparathyroidism and decreased bone turnover. This can be interpreted as 

beneficial in the global prevention of osteoporosis and fragility fractures associated with 

aging albeit further research is needed to investigate the effect of fortifying food 

products with various nutrients important for bone health (Whiting et al. 2016).  
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The current study showed that following dietary modelling using vitamin D fortified 

milk as an example, mean dietary vitamin D increased by 40.5%, from 3.7µg to 5.2µg. 

The fortified milk option in our study contained 2µg vitamin D/100ml however higher 

doses have been used in other fortification programs. In Australia, mandatory 

fortification requires oils and spreads to contain a minimum of 5.5µg vitamin D per 

100g of food; in addition, voluntary fortification is in place for modified, skimmed and 

powdered milk, yoghurts, and table confections (including cheese) (Australia New 

Zealand Food Standards Code, 2011). Although, despite following mandatory and 

voluntary fortification with vitamin D, deficiency in this nutrient is still prevalent in 

Australians (Bilinski & Talbot, 2014). In contrast to this, within other countries with a 

national vitamin D fortification policy at around 1µg/100g for fluid milk including 

Finland, United States, and Canada, milk products contribute substantially to vitamin D 

intake whereas in countries that have no fortification policy or only mandatory 

fortification of few milk products, the contribution is low (Itkonen et al. 2018). 

Recently, following evaluation of the vitamin D food fortification policy in Finland 

from 2000-2011, the vitamin D status of the Finnish population significantly increased 

in 2011, with 91% of non-supplement users who consumed fluid milk products, fat 

spreads, and fish achieving 25(OH)D concentrations >50 nmol/L (Jääskeläinen et al. 

2017). As seen in the present study, milk fortification, although effective in increasing 

dietary vitamin D, was not sufficient to meet the UK recommendation for vitamin D and 

therefore milk fortification alone may not be an adequate intervention for achieving 

vitamin D sufficiency and the diet may require other foods to be fortified. Furthermore, 

the diet may need to be complimented with vitamin D supplementation, albeit more 

research is required. 

In terms of other key nutrients important for bone health, following 50% consumption 

of food, few met the recommendation for calcium and protein for females (11 & 13 out 

https://pubmed.ncbi.nlm.nih.gov/?size=100&term=J%C3%A4%C3%A4skel%C3%A4inen+T&cauthor_id=28490516
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of 90, respectively) putting residents at further risk of nutritional deficiencies and poor 

musculoskeletal health. Approximately 50% of bone volume and one-third of its mass is 

made up of protein, which provides the structural matrix for bone and calcium is the 

predominant mineral within that matrix (Shams-White et al. 2017). Minerals, such as 

potassium and magnesium and vitamins including vitamin K and C also have well-

defined roles in bone health. In addition, more recent findings show a potential role of 

n-3 polyunsaturated fatty acids, folate and vitamin B12 in bone health albeit further 

research is needed to substantiate these findings (Muñoz-Garach et al. 2020). It is 

noteworthy that within this study nutritional contribution of free sugars, total fat and 

saturated fat far exceeded that recommended, which was attributed to consumption of 

sausages, bacon, cakes, puddings, sauces, desserts and red meat. This was also the case 

for other care home studies, which attributed high fat and sugar intakes to the menu 

containing fattier cuts of meat and frequent serving of high sugar snacks such as 

biscuits, pastries and desserts (Schmir et al. 2018). Consumption of more energy dense 

foods also contributed to high fat and sugar intakes owing to residents eating little and 

choosing foods based on their preferences/favourite meals rather than based on 

nutritional adequacy (Suominen et al. 2004). Evidence suggests that a high energy and 

fat intake increases bone marrow adiposity leading to poor bone health (Benova & 

Tencerova, 2020) and this should be taken into consideration for future research. 

Although we were unable to establish exact brand names and items used in the menu 

owing to the simulation analysis used, future nutritional analysis studies would benefit 

from working closely with the head of food production in care homes to obtain detailed 

information on ingredients, brands, exact portion sizes and amounts consumed by 

residents to get a more accurate reflection of nutritional contribution of care home 

menus. In the current study, dietary phosphorus exceeded the recommendation by the 

greatest amount out of all the minerals. Meat, egg dishes and malted powder drinks 
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were the main food items contributing to dietary phosphorus. Long-term studies with 

dosages of up to 3000mg/day have shown no negative effects on PTH concentrations 

and no upper limit for phosphorus has been established to date (EFSA, 2015). 

The cross-sectional design of this study does not allow for casual-interferences albeit it 

does add to the current limited body of evidence available on menu analysis in this 

cohort. Although this type of modelling analysis in itself has its own limitations 

including that the food logs were hypothetical, and that they were not actual dietary 

intakes of residents, actual food/drink options available within respective care homes 

were used in this study and a total of ten care homes menus were included in the 

analysis, compared to three-five included in other menu analysis studies (Lam et al. 

2015; Schmir et al. 2018; Rodríguez-Rejón et al. 2017). A 14-day weighed food diary is 

considered the gold standard measurement of dietary intake (Wrieden et al. 2003) 

however, this method of dietary analysis is particularly difficult in this cohort due to the 

level of detail required by food diaries, physical impairments affecting the ability to 

complete a food diary and inability to recall dietary intakes from previous days. 

Conclusion 

In summary, this study provides the first evidence of the nutritional contribution of care 

home menus in NI, highlighting low dietary contribution of vitamin D and other 

nutrients important for bone health. Although it is possible to meet nutritional 

requirements through care home menus, often residents do not consume enough of the 

food offered to meet their requirements (Buckinx et al. 2017; Sossen et al. 2020). The 

addition of foods shown to be high in calcium and vitamin D such as oily fish, sweet 

malt drinks or fortification of a wide variety of foods such as milk, butter, margarine 

and bread could be beneficial in meeting nutrient recommendations. Future studies are 

required to determine the acceptability and sustainability of food fortification strategies 

(Cave et al. 2020). All care home residents, in particular those that are 
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deficient/severely deficient in vitamin D, may still require supplementation to achieve 

vitamin D sufficiency due to food items alone not meeting the 10µg vitamin D 

recommendation, in addition to well-known factors contributing to poor dietary intake 

in this group including physical limitations associated with ageing and medical factors 

such as multiple comorbidities and polypharmacy. Better methods to quantify and 

monitor the nutritional contribution of care home menus is essential (Rodrigez et al. 

2017; Nowson et al. 2013), particularly in terms of nutrients important for bone health 

in order to prevent further decline in bone health associated with ageing (Whiting et al. 

2016). Our findings highlight the need for specific dietary guidelines for care home 

residents who are at significant risk of vitamin D deficiency. 
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Figure 1. Diagrammatic protocol of study 
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Figure 2. Mean dietary vitamin D, calcium and protein expressed as a percentage (%) of the nutrient DRV/RNI following 100%, 75%, 50% and 25% 

consumption of food  
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Figure 3. Box plot showing the contribution of care home menus to dietary vitamin D, 

calcium & protein based on 100%, 75%, 50% & 25% consumption of food 
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Table 1. Average nutrient contribution of care home menus 

Macronutrients DRV¥/RNI¤

  

 Mean (SD) 

Energy (kcal) 2000¥  2003 (310) 

Energy (MJ) 8.4  8.4 (31) 

Total Protein (g) M: 56¤ F: 45 79.0 (10.0) 

Total carbohydrate (g) At least 260¥  233.5 (41.3) 

Free sugars (g) No more than 

30$ 

 48.4 (18.5) 

Fibre (g) 30¥  20.7 (3.9) 

Total fat (g) <70¥  83.9 (14.9) 

SFA (g) <20¥  37.2 (6.9) 

MUFA (g) NA  25.8 (5.0) 

PUFA (g) NA  10.7 (2.7) 

Vitamins    

Vitamin A (µg) M: 700¤ F: 600 1557 (396) 

Vitamin D (µg) 10.0¤  3.7 (1.7) 

Vitamin E (mg) M: 4¤ F: 3 8 (2) 

Vitamin K (µg) NA  50.9 (19.3) 

Thiamin (B1) (mg) M: 0.9¤ F: 0.8 1.7 (0.3) 

Riboflavin (B2) (mg) M: 1.3¤ F: 1.1 1.9 (0.5) 

Niacin (B3) (mg) M: 16¤ F: 12 32 (5) 

Pyridoxine (B6) (mg) M: 1.4¤ F: 1.2 1.9 (0.4) 

Folate (B9) (µg) 200¤  267 (67) 

Vitamin B12 (µg) 1.5¤  6.2 (2.0) 

Vitamin C (mg) 40¤  115 (31) 

Minerals    

Sodium (mg) 1600¤  2099 (445) 

Potassium (mg) 3500¤  3326 (629) 

Magnesium (mg) M: 300¤ F: 270 261 (48) 

Calcium (mg) 700¤  1034 (284) 

Iron (mg) 8.7¤  10.6 (2.1) 

Phosphorus (mg) 550¤  1361 (232) 

Zinc (mg) M: 9.5¤ F: 7.0 9.4 (1.6) 

Selenium (µg) M: 75 F: 60¤ 43 (11.8) 

DRV; dietary reference value, RNI; reference nutrient intake, SD; standard deviation, 

NA; not available. 

$ Recommended maximum intake  
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  DRV¥/RNI¤ CH 1 CH 2 CH 3 CH 4 CH 5 CH 6 CH 7 CH 8 CH 9 CH 10 

Macronutrients            

Energy (kcal) 2000¥ 2093.7 (140.96) 

2168.19 

(218.81) 

1982.89 

(220.65) 

2132.47 

(316.31) 

2251.32 

(324.23) 

1531.54 

(165.96) 

2009.08 

(114.05) 

2234.66 

(217.21) 

2015.04 

(200.84) 

1629.34 

(148.98) 

Total Protein (g) 

M: 56 

F: 45¤ 79.43 (6.09) 81.17 (5.87) 71.18 (6.51) 79.39 (10.05) 88.01 (12.82) 68.91 (6.4) 75.0 (3.92) 91.39 (10.0) 79.76 (5.99) 74.33 (5.52) 

Total carbohydrate 

(g) At least 260¥ 251.62 (20.99) 247.96 (28.73) 215.14 (30.52) 261.79 (47.26) 251.92 (44.71) 180.78 (25.53) 236.71 (27.34) 267.11 (34.15) 230.76 (28.32) 191.3 (22.82) 

Free sugars (g) 

No more than 

30¥ 77.55 (16.89) 66.08 (6.77) 51.39 (8.89) 59.26 (10.74) 63.67 (21.62) 23.53 (7.26) 60.1 (10.57) 77.48 (10.23) 58.73 (6.77) 45.83 (9.73) 

Fibre (g) 30¥ 20.5 (1.98) 20.46 (2.9) 18.8 (2.45) 23.27 (3.87) 23.63 (4.78) 17.17 (4.1) 22.39 (2.41) 23.88 (2.41) 20.72 (3.38) 16.55 (2.41) 

Total fat (g) <70¥ 85.46 (6.51) 94.5 (10.54) 92.89 (9.72) 85.5 (11.43) 98.58 (12.12) 59.08 (6.42) 84.96 (5.43) 89.33 (6.79) 85.91 (7.95) 62.95 (8.18) 

SFA (g) <20¥ 39.18 (3.60) 41.62 (4.17) 39.04 (4.54) 39.35 (5.11) 39.66 (4.87) 25.9 (2.36) 39.72 (3.59) 42.6 (4.6) 38.92 (3.74) 26.15 (3.91) 

MUFA (g) NA 24.77 (2.80) 29.18 (3.74) 30.09 (4.01) 26.76 (3.68) 30.71 (3.98) 17.36 (2.11) 25.57 (1.93) 26.47 (2.06) 26.68 (2.63) 19.97 (2.73) 

PUFA (g) NA 10.73 (1.43) 12.65 (2.27) 13.54 (1.79) 10.86 (1.53) 14.17 (2.67) 7.09 (1.49) 9.39 (1.26) 9.7 (2.02) 10.25 (1.61) 8.39 (1.44) 

Vitamins            

vitamin A (µg) 

M: 700 

F: 600¤ 

1729.99 

(403.84) 

1747.17 

(389.18) 

1549.54 

(171.55) 

1211.31 

(178.07) 

1419.72 

(176.22) 

1226.74 

(357.61) 1675.97 (223.0) 

2200.89 

(364.92) 

1441.81 

(240.69) 

1369.61 

(282.15) 

vitamin D (µg) 10¤ 4.24 (0.77) 2.87 (0.6) 3.38 (0.5) 3.28 (0.75) 6.84 (3.05) 2.31 (0.67) 3.12 (0.94) 4.82 (0.79) 3.25 (0.57) 3.11 (0.83) 

vitamin E (mg) 

M: 4 

F: 3¤ 7.81 (1.32) 8.22 (1.71) 8.73 (1.07) 8.33 (1.47) 12.27 (1.84) 4.66 (0.87) 6.98 (0.89) 8.27 (1.12) 8.22 (1.68) 6.06 (1.16) 

vitamin K (µg) NA 51.75 (21.35) 60.31 (17.42) 64.72 (18.84) 37.0 (17.35) 51.99 (17.91) 50.78 (18.5) 36.45 (14.61) 61.49 (19.31) 42.96 (15.68) 52.91 (16.72) 

 Thiamin (B1) (mg) 

M: 0.9 

F: 0.8¤ 1.59 (0.24) 1.72 (0.21) 1.46 (0.2) 1.89 (0.34) 1.99 (0.32) 1.55 (0.24) 1.74 (0.14) 2.06 (0.19) 1.94 (0.3) 1.37 (0.16) 

 Riboflavin (B2) 

(mg) 

M: 1.3 

F: 1.1¤ 2.28 (0.28) 1.58 (0.35) 1.47 (0.21) 2.21 (0.31) 2.21 (0.45) 1.37 (0.3) 1.69 (0.21) 2.59 (0.3) 2.13 (0.39) 1.72 (0.27) 

Niacin (B3) (mg) 

M: 16 

F: 12¤ 30.47 (3.88) 30.56 (3.28) 29.44 (2.83) 33.97 (5.5) 34.37 (6.15) 26.82 (2.64) 30.8 (3.15) 36.08 (3.94) 33.67 (4.25) 29.57 (2.68) 

Pyridoxine (B6) 

(mg) 

M: 1.4 

F: 1.2¤ 1.78 (0.26) 1.67 (0.23) 1.81 (0.26) 1.92 (0.36) 2.15 (0.37) 1.6 (0.24) 1.98 (0.21) 2.35 (0.23) 2.19 (0.28) 1.6 (0.15) 
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 Folate (B9) (µg) 200¤ 262.44 (42.28) 213.54 (34.23) 230.59 (34.15) 293.53 (72.94) 329.47 (62.49) 213.92 (23.69) 276.95 (47.52) 301.01 (33.14) 338.21 (91.49) 209.28 (25.7) 

 Vitamin B12 (µg) 1.5¤ 7.48 (1.71) 5.49 (1.82) 4.29 (0.79) 6.0 (0.48) 8.64 (2.78) 5.15 (1.28) 5.14 (0.75) 8.3 (0.98) 6.24 (0.88) 5.08 (1.23) 

vitamin C (mg) 40¤ 125.88 (33.06) 96.08 (21.33) 88.48 (12.47) 129.78 (24.13) 157.89 (24.57) 100.1 (13.36) 138.71 (28.78) 125.65 (26.29) 101.8 (17.86) 87.49 (14.87) 

Minerals            

Sodium (mg) 1600¤ 

2031.72 

(305.01) 

2287.53 

(341.79) 

2097.86 

(272.85) 

2045.42 

(345.92) 

2488.22 

(492.76) 

1434.05 

(216.65) 

2053.15 

(138.37) 

2262.03 

(545.61) 

1974.32 

(245.62) 2320.3 (569.34) 

Potassium (mg) 3500¤ 

3084.10 

(378.71) 

3248.47 

(341.79) 

2693.02 

(274.58) 

3697.34 

(489.84) 

3910.51 

(617.07) 

3000.55 

(704.96) 3296.3 (222.33) 

4224.87 

(526.64) 3339.01 (329.1) 

2766.35 

(263.97) 

Magnesium (mg) 

M: 300 

F: 270¤ 254.84 (32.51) 248.3 (20.32) 214.79 (24.21) 295.92 (37.69) 318.26 (50.25) 212.76 (39.27) 256.35 (13.26) 314.05 (25.62) 269.51 (31.01) 220.8 (19.4) 

 Calcium (mg) 700¤ 

1290.47 

(201.43) 935.16 (161.04) 747.25 (79.24) 1056.98 (97.67) 

1236.38 

(229.64) 742.07 (130.63) 806.62 (80.19) 

1482.07 

(252.07) 

1083.47 

(208.13) 958.1 (144.16) 

 Iron (mg) 8.7¤ 10.58 (0.97) 9.49 (1.64) 10.29 (1.64) 11.23 (2.08) 11.99 (2.92) 8.16 (1.42) 10.15 (1.23) 12.07 (1.14) 12.66 (2.05) 9.48 (1.07) 

Phosphorus (mg) 550¤ 

1479.57 

(158.68) 

1342.74 

(155.69) 

1324.28 

(171.26) 

1466.13 

(193.88) 

1462.59 

(217.82) 

1013.74 

(172.55) 1236.24 (92.27) 

1628.08 

(164.02) 

1435.02 

(232.89) 1221.0 (111.72) 

 Zinc (mg) 

M: 9.5 

F: 7.0¤ 9.02 (0.99) 9.27 (1.02) 7.57 (1.01) 10.12 (0.78) 9.84 (1.67) 7.7 (0.89) 8.85 (0.8) 11.52 (1.44) 10.18 (0.55) 9.63 (1.57) 

 Selenium (µg) 

M: 75 

F: 60¤ 36.36 (5.05) 51.09 (9.27) 34.52 (4.96) 42.77 (5.94) 64.31 (16.78) 37.92 (9.53) 40.13 (5.74) 48.25 (11.19) 40.59 (5.98) 38.67 (3.29) 

DRV; dietary reference value, RNI; reference nutrient intake, SD; standard deviation, NA; not available. 

$ Recommended maximum intake 

Table 2. Average nutrient contribution of each individual care home menu 
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Table 3. Top five contributors of nutrients important for bone health 

Vitamin D (RNI: 10ug/day) Portion size Per portion Per 100g 

Food item Weight (g)¥ Vitamin D (µg) Vitamin D (µg) 

1. Kippers 131 11.8 9.0 

2. Salmon, baked 122 11.2 9.2 

3. Salmon, canned in brine 79 10.7 13.6 

4. White fish pie, baked 250 7.0 2.8 

5. Sweet malted hot drink, made 

with whole milk 

300 6.3 2.1 

Calcium (RNI 700mg/d) Portion size Per portion Per 100g 

Food item Weight (g) ¥ Calcium (mg) Calcium (mg) 

1. Instant drinks powder, malted, 

unfortified 

260 907 349 

2. Sweet malted hot drink, made 

with whole milk 

300 829 276 

3. Cheese omelette 240 672 280 

4. Oat-based product made with 

milk 

195 667 347 

5. Ham and cheese omelette 240 653 272 

Protein (RNI: M= 56g; F= 45g) Portion size Per portion Per 100g 

Food item Weight (g) ¥ Protein (g) Protein (µg) 

1. Lasagne beef, homemade 

2. Pork, loin joint, roasted, lean 

3. Beef, braising steak, lean 

4. Roasted Lamb, shoulder joint, 

lean 

5. Steak, lean, fried in olive oil 

295 

195 

166 

200 

165 

73.5 

58.7 

57.1 

56.8 

48.5 

24.9 

30.1 

34.4 

28.4 

29.4 

RNI; reference nutrient intake, M; male, F; female 

¥Weight based on the demographic average given by Nutritics. 
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Table 4. Overall contribution of fortified vs. non-fortified milk to nutrients important 

for bone health in care home residents. 

Nutrient Reference Nutrient Intake Non-fortified milk Fortified milk 

Total Protein (g) M: 56/F: 45¤ 78.8 (10.0)1 78.7 (20.0) 

Vitamin D (µg) 10¤ 3.7 (1.7) 5.2 (4.1) 

Calcium (mg) 700¤ 1036 (284) 1063 (435) 
1Data presented as mean (standard deviation) 
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Chapter 5: 

Associations of long chain polyunsaturated fatty acids 

with bone mineral density and bone turnover in 

postmenopausal women 
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Abstract 

Background & Aims The immunomodulatory properties of n-3 long chain 

polyunsaturated fatty acids (LCPUFA) are reported to reduce bone loss through 

alteration of bone remodelling and n-3 LCPUFA, therefore, may benefit bone health in 

post-menopausal women, a vulnerable group at high risk of osteoporosis. The aim of 

this study was to investigate the relationship between serum n-3 LCPUFA status with 

BMD and BTMs and in a large cohort of postmenopausal women. 

Methods Measures of bone mineral density (BMD) were determined using dual energy 

x-ray absorptiometry (DEXA) in 300 post-menopausal women. The bone turnover 

markers osteocalcin, C-terminal telopeptides of type 1 collagen (CTX) and total alkaline 

phosphatase were quantified in serum along with urinary creatinine corrected 

deoxypyridinoline (DPD/Cr) and CTX/Cr. Total serum n-6 PUFA (LA + AA) and n-3 

LCPUFA (ALA + EPA + DPA + DHA) were measured and the n-6:n-3 ratio was 

calculated.  

Results Mean (SD) age and body mass index (BMI) were 61 (6.4) years and 27.4 (4.8) 

kg/m2, respectively with participants being 12.6 (7.6) years post-menopause. Multiple 

regression analysis identified no association between n-3 LCPUFA and any of the 

measures of T-score or BMD albeit a significant positive association between total n-3 

LCPUFA and femur BMD (β= 0.287; P= 0.043) was observed within those women with 

a low n-6:n-3 ratio. There was a significant inverse association between ALA and 

urinary DPD/Cr (𝛽= -0.141; P=0.016). 

Conclusion A favourable low n-6:n-3 ratio was associated with higher femur BMD and 

a higher n-3 LCPUFA (ALA) was associated with lower bone resorption. These results 

support a beneficial role for n-3 LCPUFA in reducing postmenopausal bone resorption 

and favourably influencing BMD. 
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Introduction 

Osteoporosis is a chronic debilitating condition characterised by a decrease in bone 

mineral density (BMD) and alteration in bone microarchitecture, which can lead to 

structural fragility and a subsequent increased risk of fracture (Kruger & Wolber, 2016; 

Shen et al. 2017). Osteoporosis affects 3 million people in the United Kingdom (UK) 

and annually over 8.9 million osteoporotic fractures occur worldwide (Johnell & Kanis, 

2006; Hernlund et al. 2013). Postmenopausal women are at increased risk of developing 

osteoporosis and associated fractures as a result of the natural decline of estrogen after 

the menopause (Ji & Yu, 2015). Declining estrogen concentrations increase bone 

resorption by enhancing osteoclastogenesis and also reduce new bone formation activity 

by osteoblasts, causing a net loss of bone tissue (Cauley, 2015). Greater expression of 

pro-inflammatory cytokines as seen after menopause and in later age is one possible 

contributing factor in the development of osteoporosis. Hormones (such as estrogen), 

pro- and anti-inflammatory cytokines play an important role in regulating osteoblast and 

osteoclast differentiation and activity. A balance of these systems is needed in order to 

prevent the development of osteoporosis (Hofbauer & Schoppet, 2004; Boyce & Xing, 

2007). It has been postulated that n-3 LCPUFA can up-regulate the absorption of 

calcium from the intestine and reduce the production of prostaglandin E2 (PGE2) which 

is a key eicosanoid involved in the modulation of inflammation (Baggio et al. 2000). 

Elevated concentrations of PGE2 can lead to a reduction in the production of 

osteoprotegerin (OPG), an important osteoclastogenesis inhibitory factor expressed by 

osteoblasts. This production in turn can increase the expression of receptor activator of 

nuclear factor kappa-Β ligand (RANKL) as a result of decreased OPG (Li et al. 2002) 

leading to overall negative effects on bone health.  

Nutrition is a modifiable factor important in optimising bone health (Orchard et al. 

2010) with well-defined roles for protein, calcium and vitamin D in reducing the risk of 
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osteoporosis and fragility fractures post menopause (Rizzoli et al. 2014). Recent 

evidence suggests that n-3 long chain polyunsaturated fatty acids (LCPUFA) may 

benefit bone health and prevent bone loss (Kim et al. 2019; Sharma & Mandal, 2020; 

Martyniak et al. 2021; Romero-Márquez et al. 2021); however, there is limited evidence 

in postmenopausal women. Furthermore, the majority of research to date has focused on 

dietary intakes of n-3 LCPUFA rather than the biological status of n-3 LCPUFA in 

postmenopausal women. Dietary n-3 LCPUFA have been proposed to benefit overall 

bone health (Martyniak et al. 2021) and have a role in reducing the risk of hip fracture 

in all age groups (Sadeghi et al. 2019). A higher intake of total n-3 LCPUFA and fish 

have been positively associated with BMD (Sadeghi et al. 2019; Järvinen et al. 2012; 

Lavado-García et al. 2018) and a reduced risk of hip fracture (Feskanich et al. 2003) as 

well as total fracture risk in postmenopausal women (Orchard et al. 2010; Roncero-

Martín et al. 2021). Positive associations between n-3 LCPUFA status, dietary n-3 

LCPUFA and skeletal outcome measures such as lumbar spine and femur BMD have 

been demonstrated in older people and in postmenopausal women and are postulated to 

be owing to higher fish consumption (Kim et al. 2019; Nawata et al. 2013). Total 

dietary n-6 PUFA and the n-6:n-3 ratio have been shown to be negatively associated 

with spine and femur BMD in cohorts of older adults (Weiss et al. 2005; Kim et al. 

2019) and postmenopausal women (Harris  et al. 2015), albeit studies were limited by 

use of a nutrient database or dietary records to quantify dietary n-3 LCPUFA intake 

rather than status (Weiss et al. 2005; Harris  et al. 2015). 

Recent analysis of the UK biobank including 492,713 adults showed a significant 

association between habitual fish oil supplement use and lower risk of both incident and 

recurrent fractures (Mei et al. 2021). A limited number of supplementation studies with 

n-3 LCPUFA have been conducted in postmenopausal women with the majority 

reporting an inverse association between n-3 LCPUFA and markers of bone resorption 
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including C-terminal telopeptides of type 1 collagen (CTX) and urinary pyridinoline 

(Pyd), and others reporting beneficial effects of n-3 supplementation on the bone 

formation markers bone-specific alkaline phosphatase (BALP) and osteocalcin (OC) in 

postmenopausal women (Sharif et al. 2010; Shen et al. 2017). Although the reported 

changes were small in magnitude, they warrant further investigation particularly given 

that inclusion of rich sources of n-3 LCPUFA in the diet, could be a simple effective 

dietary alteration in these women (Sharif et al. 2010). To date, the evidence is limited 

by small sample sizes and short study durations and research is needed to further 

investigate this association between n-3 LCPUFA and BMD in post-menopausal 

women (Hutchins-Wiese et al. 2014). Therefore, the aim of this study was to investigate 

the relationship between serum n-3 LCPUFA status with BMD and BTMs and in a large 

cohort of postmenopausal women with well-defined bone health. 

Materials and Methods 

Study design 

A convenience sample of a total of 300 non-osteoporotic postmenopausal women (45-

75 years) were recruited to take part in a study conducted in Ulster University to 

investigate the effect of a combination of Aquamin™ and Nutraflora® on bone health 

(Slevin et al. 2014). The current study utilises baseline data from this trial. Women were 

excluded if they were pre- or peri-menopausal, went through menopause earlier than 40 

years old, used medication or supplements known to affect bone health, had 

osteoporosis or a medical condition known to affect bone health. Dietary intake of total 

daily fish (g/day) and lifestyle factors were determined by a 4-day semi-quantitative 

food diary and food frequency questionnaires. Food composition database Weighed 

Intake Software Package (WISP) (WISP for WINDOWS, version 3; Tinuviel Software, 

Anglesey, United Kingdom) was used to analyse the dietary intakes. Information on 

total physical activity was assessed by means of a shortened version of the International 
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Physical Activity Questionnaire (Hagstromer & Sjostrom, 2006) and was represented as 

MET (metabolic equivalent tasks) hours per week. Participants also completed a 

questionnaire about past/current medical history. Ethical approval was received from 

Ulster University Research Ethics Committee (REC/08/0083) and the original study 

was registered as a clinical trial (www.controlled-trials.com as ISRCTN63118444). The 

study was conducted in accordance with the declaration of Helsinki and written 

informed consent was obtained from all participants. 

Measurements 

A non-fasted blood sample was collected from each participant. Duplicate weight (kg) 

and height (cm) were taken to calculate body mass index (BMI) (weight (kg) / height 

(m)2). Lumbar spine and femur BMD (g/cm2) and T-scores were determined using dual 

energy x-ray absorptiometry (DEXA) (Lunar corporation, Madison, WI).  BMD was 

recorded from the total hip or the femoral neck depending on which was the lowest 

value. According to the cut-offs established by the World Health organisation (World 

Health Organisation, 1994), osteoporosis is defined as BMD at least 2.5 SD below that 

of a healthy young adult (T-score is <-2.5), osteopenia when the T-score is between -1.0 

and -2.5 and a normal bone density value above -1.0. BMD was expressed to 3 decimal 

places and T-scores to 1 decimal place according to the International Society for 

Clinical Densitometry (Writing Group for the ISCD Position Development Conference, 

2004). Diagnosis was made according to the site with the lowest T-score. 

Sample analysis 

Blood and urinary bone turnover markers 

Blood samples were collected from all participants for analysis. Serum bone formation 

marker osteocalcin (OC) (normal reference value: 26.5 (12.8-55.0 95% CI) ng/ml) and 

bone resorption marker C-terminal telopeptides of type 1 collagen (CTX) (normal 
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reference value: 0.439 (0.142-1.351 95% CI) ng/ml) were measured using enzyme-linked 

immunosorbent assay (ELISA) (Immunodiagnostics Systems Ltd (IDS); intra-assay CV 

was 1.8% & 4.7%; respectively). Serum total alkaline phosphatase was quantified by 

Roche Modular Analyser and expressed as a bone formation marker (u/L). Urinary bone 

resorption markers CTX (normal reference range: 324 (121-874 95% CI) µg/mmol/Cr) 

and deoxypyridinoline (DPD) (normal reference range: 7.56 (2.27)/ 7.94 (3.25) nmol 

DPD/mmol Cr) were measured using enzyme immunosorbent assay (EIA) (Urine 

CrossLaps EIA, IDS, intra-assay CV was 4.7% and Urine DPD EIA, Metra DPD EIA kit; 

Quidel, intra-assay CV was 4.3%). Urinary CTX and DPD results were both corrected 

for urinary concentrations of creatinine (Cr).  

Polyunsaturated fatty acid (LCPUFA) analysis 

Serum LCPUFA were quantified using an adaption of the method by Folch et al. (Folch 

et al. 1957). In brief, fatty acid methyl esters were detected and quantified by gas 

chromatography–mass spectrometry (7890A-5975C; Agilent) using heptadecanoic acid 

(C17:0) as the internal standard (Strain et al. 2008). All analytic standards were of ≥99% 

purity and purchased from Sigma-Aldrich. Serum LCPUFA status was chosen as a 

biomarker to encompass recent LCPUFA concentrations of the triacylglycerol fraction. 

The individual n-6 PUFAs; linoleic acid; 18:2 n-6 (LA), arachidonic acid; 20:4 n-6 (AA) 

and the individual n-3 LCPUFA, α-linolenic acid; 18:3 n-3 (ALA), eicosapentaenoic acid; 

20:5 n-3 (EPA), docosapentaenoic acid; 23:5 n-3 (DPA) and docosahexaenoic acid; 22:6 

n-3 (DHA) were quantified. Results were presented as milligrams per milliliter (mg/mL). 

Total n-6:n-3 ratio was calculated. A high n-6:n-3 ratio is considered less favorable as 

this means higher total n-6 PUFA relative to n-3 LCPUFA.  
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Statistical methods 

All data analysis was performed using Statistical Package for the Social Sciences 

(SPSS, IBM SPSS Statistics version 25). Nominal data were presented as mean (SD) 

and categorical variables presented as frequencies (n) and percentages (%). Data were 

tested for normality using Kolmogorov-Smirnov statistic test and variables were 

transformed using the natural logarithm where appropriate.  

Primary analysis assessing the associations between the natural logarithm of LCPUFA 

(total n-3, n-6, n-6:n-3 ratio) with femur and lumbar spine BMD and T-score was 

conducted using Spearman correlation analysis. Separate multiple regression analysis 

was also performed between femur and lumbar spine BMD and T-score as a dependent 

variable and LCPUFA additionally adjusting for age, BMI, years’ post-menopause, total 

physical activity and smoking status as independent variables. Secondary analysis was 

conducted to test for associations between the natural logarithm of LCPUFA (total n-3, 

n-6, n-6:n-3 ratio) and BTMs using the same statistical approach. Tertiles were created 

and participants were classified as having a high (≥6.5), medium (between 4.9 and 6.5) 

or low (≤4.9) n-6:n-3 ratio. Participants who were classified as having a low, medium or 

high n-6:n-3 ratio were selected as individual groups and regression analysis was 

repeated to determine associations between outcome variables; bone parameters, BTMs 

and total n-6 and n-3 LCPUFA, after adjusting for independent variables. To better 

satisfy regression assumptions, we used the natural logarithmic transformation of all 

markers in the models. As some of the T-scores were negative values, we added a 

constant of +3 to each individual T-score data prior to natural logarithmic 

transformation. All values presented in tables 2 & 3 are log transformed. Significance 

was set at P<0.05. The primary outcome was to determine if n-3 LCPUFA is associated 

with BMD or T-score in postmenopausal women. Secondary analysis investigated 
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associations between n-3 LCPUFA and measures of bone turnover (serum CTX, OC, 

alkaline phosphatase and urinary CTX/Cr & DPD/Cr). 

Results 

Baseline characteristics 

Table 1 summarises the characteristics for the 300 post-menopausal women. Data for 

BTMs and PUFA concentrations were available for 299 postmenopausal women. Mean 

(SD) age and BMI of subjects were 61 (6.4) years and 27.4 (4.8) kg/m2, respectively. 

Mean values for years post-menopause and physical activity were 12.6 (7.6) years and 

25.4 (24.3) MET hours/week. Age of menarche and menopause were 13.1 (1.5) and 

48.5 (5.2) years. Mean (SD) total dietary intake of fish was 30.2 (31.8) g/day. Mean 

(SD) dietary intake of polyunsaturated fat was 11.43 (4.57) g/day. 

Correlation analysis 

A significant negative correlation was observed between the bone resorption marker 

urinary DPD/Cr and total n-3 LCPUFA (r= -0.137; P=0.018) as well as with EPA (r= -

0.150; P=0.009) and DPA (r= -0.118; P=0.042). A significant negative correlation was 

observed between the bone resorption marker urinary CTX/Cr and AA (r=-0.121; 

P=0.036) and ALA (r= -0.123; P=0.033). There were no significant correlations 

observed between any measure of BMD or T-score with n-6 or n-3 LCPUFA. There 

was no significant correlation between any of the bone density parameters and the n-

6:n-3 ratio.  

Covariates 

Models were adjusted for covariates known to be significant predictors of bone 

parameters (BMD, T-score) and BTMs: age, BMI, years’ post-menopause, total physical 

activity and smoking status. Age was a significant negative predictor of femur (β= -0.221; 
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P=0.012) and lumbar spine BMD (β= -0.208; P=0.019) but not a significant predictor of 

BTMs. BMI was a significant positive predictor of femur (β= 0.261; P<0.001) and lumbar 

spine BMD (β= 0.327; P<0.001). BMI was also a significant negative predictor of serum 

CTX (β= -0.324; P<0.001), serum osteocalcin (β= -0.249; P<0.001) and urinary CTX/Cr 

(β= -0.396; P<0.001). The number of years’ post-menopause was a significant negative 

predictor of serum total alkaline phosphatase (β= -0.194; P=0.033) and total physical 

activity was a significant negative predictor of urinary DPD/Cr (β= -0.124; P=0.044) but 

neither were significant predictors of bone parameters. Smoking status was a significant 

negative predictor of femur T-score (β= -0.494; P=0.002) but was not a significant 

predictor of BTMs. 

Relationships between bone parameters and LCPUFA 

Associations between LCPUFA and bone parameters are outlined in table 2. After 

adjusting for age, BMI, physical activity, smoking status and years’ post-menopause, 

the n-3 LCPUFA, ALA, EPA, DPA, DHA and n-6 PUFA, AA, LA were not 

significantly associated with the bone parameters femur and lumbar spine BMD or with 

T-score (P>0.05). There was also no significant association observed between the n-6:n-

3 ratio and bone parameters after adjusting for covariates. When split into tertiles 

according to the n-6:n-3 ratio, a significant positive association between total n-3 

LCPUFA and femur BMD (β= 0.287; P= 0.043) within those with a low n-6:n-3 ratio 

was observed (fig 1). 

Relationships between BTMs and LCPUFA 

Associations between BTMs and serum LCPUFA concentrations are summarised in 

table 3. After adjusting for covariates, there were no significant associations observed 

between total n-3 LCPUFA, EPA, DPA or DHA with any of the markers of bone 

turnover. There was a significant inverse association between the n-3 LCPUFA ALA 
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and urinary DPD/Cr (𝛽= -0.141; P=0.016). Each unit increase in ALA was associated 

with a -0.141mg/mL decrease in urinary DPD/Cr. The n-6:n-3 ratio was not 

significantly associated with any BTMs. Furthermore, there was no significant 

association between total n-6 PUFA, AA and LA and any of the markers of bone 

turnover. When split into tertiles for the n-6:n-3 ratio, a significant negative association 

between total n-3 LCPUFA and osteocalcin (𝛽= -0.767; P= 0.036) within those with a 

medium n-6:n-3 ratio was observed. There was a significant positive association 

between total n-3 LCPUFA and urinary CTX/Cr (𝛽= 0.224; P= 0.024) within those with 

a high n-6:n-3 ratio. 

Discussion  

This observational study showed no significant association between n-3 LCPUFA and 

any of the measured bone parameters in this cohort of postmenopausal women; however 

total n-3 LCPUFA was shown to be positively associated with femur BMD in those 

postmenopausal women with a low n-6:n-3 ratio. Consideration should also be given to 

reducing n-6:n-3 ratio through improving dietary intake of n-3 LCPUFA along with 

reducing n-6 PUFA. In terms of BTMs, a higher ALA concentration (n-3 LCPUFA) 

was significantly associated with lower urinary DPD/Cr, suggesting lower bone 

resorption. Overall, this study highlights that increasing n-3 LCPUFA may have 

benefits to bone health in postmenopausal women, a vulnerable group at high risk of 

developing osteoporosis and associated fractures. 

A number of studies have investigated associations between total PUFA status or n-3 

LCPUFA dietary intake and BMD in women (Macdonald et al. 2004; Weiss et al. 2005; 

Farina et al. 2011; Järvinen et al. 2012; Lavado-García et al. 2018) as well as in 

postmenopausal women (Bassey 2000; Nawata et al. 2013; Harris et al. 2015; Roncero-

Martín et al. 2021). A significant positive association between dietary n-3 LCPUFA and 
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lumbar spine and femoral neck BMD has previously been reported (Nawata et al. 2013; 

Lavado-García et al. 2018), but only after adjusting for covariates (Nawata et al. 2013) 

including age, BMI, duration of menopausal state, grip strength, and intakes of calcium, 

vitamin D, vitamin K, n-6 PUFA, polyunsaturated fatty acid, serum N-terminal 

propeptide of type I collagen, and urinary type-I collagen cross-linked N-telopeptide. 

These studies assessed dietary intake of n-3 LCPUFA rather than serum n-3 LCPUFA 

concentrations and therefore were not able to verify the correlation between n-3 

LCPUFA and BMD using a validated biomarker of status (Nawata et al. 2013; Lavado-

García et al. 2018). In a recent study in 301 Spanish postmenopausal women, a 

significant positive association between plasma n-3 LCPUFA and spine and femur neck 

BMD was observed after adjusting for covariates (Roncero-Martín et al. 2021). It is 

important to note that the Spanish cohort included osteoporotic women whereas anyone 

with osteoporosis was excluded from this study making it more challenging to 

determine associations with BMD. Nevertheless, taken together, this research supports a 

beneficial role n-3 LCPUFA for bone health in postmenopausal women. 

It has been postulated that higher intakes of n-6 PUFA results in raised pro-

inflammatory cytokine production that stimulates osteoclastic activity and thereby 

negatively impacting on bone health (Sun et al. 2003; Genuis & Schwalfenberg, 2007). 

Additionally, PGE2 produced from arachidonic acid (n-6 LCPUFA), is the main 

prostaglandin involved with the bone turnover cycle with lower PGE2 promoting bone 

formation whereas higher concentrations of PGE2 have been shown to inhibit bone 

formation (Watkins et al. 2001; Järvinen et al. 2012). The optimal n-6:n-3 PUFA ratio 

for favourable effects on bone health is currently unknown; however, a contemporary 

western diet high in n-6 PUFA and therefore a higher n-6:n-3 ratio, may not contain the 

optimum amount of n-3 LCPUFA needed to benefit bone health (Blasbalg et al. 2011). 

It has been hypothesised that a balance between n-6 and n-3 LCPUFA is of greater 
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importance for resultant health benefits than either class of PUFA by itself (Simopoulos, 

2008). This hypothesis has been supported in our study where in participants with a low 

n-6:n-3 ratio, a significant positive association between n-3 LCPUFA and higher femur 

BMD was observed. Overall, circulating n-6:n-3 ratio was approximately 6:1 in the 

present study and this might suggest women in our cohort had a favourable dietary 

intake of n-3 LCPUFA as the circulating ratio is relatively low when compared to a 

western diet ratio of around 15-20:1 (Stark et al. 2008; Molendi-Coste et al. 2011). 

Previous studies in similar groups of older women have reported a range of dietary n-

6:n-3 ratios, between 4:1 to 8:1 (Farina et al. 2011; Nawata et al. 2013; Harris et a. 

2015; Roncero-Martín et al. 2021). In the current study, dietary intake of fish was 

30.2g/day which is equivalent to 211.4g/week. Dietary intake of rich n-3 LCPUFA 

sources such as oily fish can be low, with the current average adult intake in the United 

Kingdom ~56g/week which is 2.5 times lower than the current guidance of at least one 

portion of oily fish/week (140g) (NDNS, 2019). Although fish intakes in our study were 

shown to be sufficiently high to meet the UK recommendation, data were not available 

on the types of fish consumed and therefore it was not possible to quantify oily fish 

consumption. Fish intakes may have been primarily from non-oily fish sources. Greater 

intakes of dietary n-3 LCPUFA or use of supplementation may be essential for resultant 

benefits to bone health (Harris et al. 2015). Dietary recommendations for fish 

consumption are based on the nutritional benefits of consuming fish especially as a rich 

source of n-3 LCPUFA but also take into consideration the risks from potential 

pollutants (SACN, 2004). In addition, there are no recommendations for n-3 

supplements (BDA, 2020) and therefore it is difficult to recommend an optimal n-3 

LCPUFA supplementation dose for benefit to bone heath.  

BMD and BTMs have been assessed as outcome variables in several studies to 

investigate relationships between n-3 LCPUFA and bone health. BTMs change more 
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rapidly than BMD and therefore BTMs can be used to observe response to treatment 

before changes in BMD occur (Konstantinidis et al. 2013). Although n-3 LCPUFA was 

not significantly associated with bone formation markers, ALA (n-3 LCPUFA) was 

shown to be significantly associated with less bone resorption in the present study. 

Similar findings have previously been reported in a group of older adult patients in 

which no significant association between n-3 LCPUFA on the bone formation marker 

BALP but an inverse association with the bone resorption marker TRAP-5b (Kim et al. 

2019). Although intervention with a low dose (1.2g) of n-3 LCPUFA or fish oil showed 

no significant effect on bone formation markers (Sharif et al. 2010; Dong et al. 2015), 

intervention with 900mg n-3 LCPUFA for 6 months led to a significant decrease in the 

bone resorption marker urinary Pyd when compared to a control group in 

postmenopausal women (Sharif et al. 2010). In addition, intervention with much higher 

doses of EPA + DHA (4g) has been reported to significantly reduce deoxypyridinoline 

(DPD) from baseline to 6 months when compared to the control in postmenopausal 

women (Hutchins-Wiese et al. 2014) suggesting a potential beneficial role for n-3 

LCPUFA in reducing bone resorption in postmenopausal women. In those with a 

medium n-6:n-3 ratio, we observed a significant negative association between total n-3 

LCPUFA and bone formation marker osteocalcin. In addition, in those with a high n-

6:n-3 ratio, we observed a significant positive association between total n-3 LCPUFA 

and bone resorption marker urinary CTX/Cr which is contrary to what others have 

reported (Griel et al. 2007; Kajarabille et al. 2013). 

We observed a significant negative association between the n-3 LCPUFA ALA 

concentrations and urinary DPD/Cr.  It has been postulated that n-3 LCPUFA may 

lessen bone resorption by decreasing urinary excretion of calcium and reducing 

inflammatory cytokine production which are significant stimuli for osteoclastic activity 

(Salari et al. 2008; Appleton et al. 2011). ALA may affect bone resorption through 
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PGE2 which in turn can prevent activation of RANKL, a key growth factor that 

stimulates and promotes osteoclast (bone-resorbing cells) formation (Coetzee et al. 

2007). The cause and effect to explain the reported relationship between n-3 LCPUFA 

and bone health has not been conclusively determined but it has been proposed that the 

immunomodulatory effects of the PUFAs may contribute to the inhibition of osteoclast 

formation and in turn have a beneficial effect on preventing bone loss. Advancing age 

and menopause are associated with greater pro-inflammatory cytokine expression and 

chronic inflammation, in addition to other mechanisms which can accelerate bone loss 

and contribute to the development of osteoporosis (Ginaldi et al. 2005; Orchard et al. 

2012). Pro-inflammatory cytokines play a significant role in estrogen depletion-

associated bone loss in postmenopausal women (Kajarabille et al. 2013; Al-Daghri et 

al. 2014). The LCPUFA have an immunomodulatory effect through the regulation of 

pro-inflammatory cytokines IL-1β, IL-6, IL-8 and TNF-α through the production of 

eicosanoids including prostaglandins (PGs), thromboxanes (TXs), leukotrienes (LTs) 

and resolvins (Sharif et al. 2010; Stephenson et al. 2013). Therefore, enhancing 

LCPUFA in the diet, particularly n-3 LCPUFAs such as EPA and DHA, could have 

resultant benefits to the inflammatory milieu (Stephenson et al. 2013) and favourable 

effects on bone remodelling in postmenopausal women (Kajarabille et al. 2013).  

Research assessing the beneficial effect of LCPUFA on bone has frequently used 

dietary recall methods such as a food frequency questionnaires and food diaries to 

determine the dietary intake of LCPUFA. These dietary instruments can lead to 

variations in results owing to the methodological confinements of dietary recall (Dao et 

al. 2019). In this study, PUFA were quantified in serum using the gold standard method 

of gas chromatography–mass spectrometry; however other measures such as plasma, 

phospholipids and red blood cells could be alternative, cost effective and readily 

available methods for PUFA analysis (Kim et al. 2019). The cross-sectional nature of 
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this study negates the ability to determine causality. Our analysis could also have 

benefited from including a sub-group of postmenopausal women with osteoporosis to 

further explore associations between serum PUFA and osteoporotic postmenopausal 

women, albeit this study still adds to the body of biological research exploring the 

beneficial role of dietary PUFA on bone in postmenopausal women.  

Conclusion 

In conclusion, the positive association between n-3 LCPUFA and femur BMD 

alongside the negative association between ALA with urinary DPD/Cr highlights a 

potentially important role for n-3 LCPUFA status on maintenance of bone health in 

postmenopausal women. Our findings warrant further investigation using long-term 

intervention studies to confirm this possible beneficial role for dietary intake of n-3 

LCPUFA in reducing postmenopausal bone loss which could provide an evidence base 

to promote the intake of n-3 LCPUFA rich dietary sources to support bone health.  
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Figure 1. Significant positive association between total n-3 LCPUFA and femur BMD within those with a low n-6:n-3 ratio (n=100). Significance 

determined using Multiple regression adjusted for age, BMI, physical activity, smoking status and years’ post-menopause (β= 0.287, model R2 =0.162, 

P=0.043).
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Table 1. Descriptive characteristics of postmenopausal women (n=300)  

Descriptive Mean (SD) 

Age (years) 61.0 (6.4) 

Height (cm) 160.6 (6.2) 

Weight (kg) 70.7 (12.8) 

Body mass index (kg/m2) 27.4 (4.8) 

Years post-menopause  12.6 (7.6) 

Total physical activity (MET hours/week) 25.4 (24.3) 

Femur BMD (g/cm2) 0.895 (0.1) 

Lumbar spine BMD (g/cm2) 1.099 (0.1) 

Femur T-score -0.7 (0.9) 

Lumbar spine T-score -0.6 (1.2) 

n Normal based on T-score (%) 127 (42.3) 

n Osteopenia based on T-score (%) 173 (57.7) 

BTMs n=299 

Serum CTX (ng/mL) (0.142-1.351) 0.63 (0.20) 

Serum total alkaline Phosphatase (u/L) 77.3 (19.5) 

Serum Osteocalcin (ng/mL) (12.8-55.0) 19.68 (0.22) 

Urinary CTX/Cr (ug/mmoL Cr) (121-874) 309.2 (146.6) 

Urinary DPD/Cr (nmol DPD/mmol Cr) (7.56-7.94) 8.1 (2.3) 

LCPUFA    

Total n-3 (mg/mL) 0.241 (0.110) 

Total n-6 (mg/mL) 1.328 (0.375) 

LA (C18) (mg/mL) 1.014 (0.304) 

AA (C20) (mg/mL) 0.313 (0.099) 

ALA (C18) (mg/mL) 0.030 (0.017) 

EPA (C20) (mg/mL) 0.071 (0.064) 

DPA (C23) (mg/mL) 0.037 (0.015) 

DHA (C22) (mg/mL) 0.103 (0.045) 

n-6:n-3 ratio 6.4 (3.3) 
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SD, standard deviation; MET, metabolic equivalent of task; BMD, bone mineral 

density; BTMs, bone turnover markers; serum CTX, serum C-terminal telopeptides of 

type 1 collagen; urinary CTX/Cr, urinary C-terminal telopeptides of type 1 

collagen/creatinine; urinary DPD/Cr, urinary deoxypyridinoline/creatinine; LCPUFA, 

long chain polyunsaturated fatty acids; total n3, total omega 3; total n6, total omega 6; 

LA, linoleic acid (18 : 2 n-6); AA, arachidonic acid (20 : 4 n-6); ALA, α-linolenic acid 

(18 : 3 n-3);  EPA, eicosapentaenoic acid (20 : 5 n-3); DPA, docosapentaenoic acid (23 : 

5 n-3); DHA, docosahexaenoic acid (22 : 6 n-3); n-6:n-3 ratio, total n-3:total n-6 ratio 
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Table 2. Associations between LCPUFA and femur and lumbar spine bone mineral density and T-score in postmenopausal women (n=299) 

  Femur BMD (g/cm2) Lumbar spine BMD (g/cm2) Femur T-score Lumbar spine T-score 

Multivariate model R2 Std β P value R2 Std β P value R2 Std β P value R2 Std β P value 

Total n-3 LCPUFA 

(mg/mL)  0.140 0.018 0.751 0.126 0.030 0.599 0.149 0.023 0.686 0.127 0.022 0.700 

ALA (mg/mL) (C18) 0.142 -0.047 0.399 0.125 -0.013 0.815 0.151 -0.049 0.379 0.127 -0.028 0.618 

EPA (mg/mL) (C20) 0.140 0.015 0.784 0.126 0.033 0.561 0.149 0.017 0.754 0.126 0.017 0.762 

DPA (mg/mL) (C23) 0.141 -0.033 0.549 0.125 -0.007 0.899 0.149 -0.020 0.724 0.126 -0.015 0.792 

DHA (mg/mL) (C22) 0.142 0.042 0.462 0.127 0.050 0.386 0.150 0.039 0.493 0.127 0.035 0.542 

  
  

    
 

    
 

    
 

  

Total n-6 PUFA (mg/mL)  0.146 0.075 0.175 0.126 0.033 0.556 0.153 0.065 0.240 0.129 0.051 0.366 

LA (mg/mL) (C18) 0.145 0.068 0.221 0.126 0.019 0.733 0.151 0.049 0.375 0.127 0.033 0.550 

AA (mg/mL) (C20) 0.146 0.076 0.177 0.129 0.066 0.245 0.157 0.094 0.093 0.134 0.088 0.119 

  
  

    
 

    
 

    
 

  

n-6:n-3 ratio 0.141 0.031 0.577 0.125 -0.008 0.886 0.149 0.020 0.723 0.126 0.011 0.843 

Std β, Standardised Coefficients Beta; BMD, bone mineral density; LCPUFA, long chain polyunsaturated fatty acids; total n3, total omega 3; total n6, total omega 6; 

LA, linoleic acid (18 : 2 n-6); AA, arachidonic acid (20 : 4 n-6); ALA, α-linolenic acid (18 : 3 n-3);  EPA, eicosapentaenoic acid (20 : 5 n-3); DPA, 

docosapentaenoic acid (23 : 5 n-3); DHA, docosahexaenoic acid (22 : 6 n-3); n-6:n-3 ratio, total n-3:total n-6 ratio.   



163 

 
 

Table 3. Associations between LCPUFA and bone turnover markers in postmenopausal women (n=299) 

Std β, Standardised Coefficients Beta; serum CTX, C-terminal telopeptides of type 1 collagen; urinary CTX/Cr, urinary C-terminal telopeptides of type 1 

collagen/creatinine; urinary DPD/Cr, urinary deoxypyridinoline/creatinine;  LCPUFA, long chain polyunsaturated fatty acids; total n3, total omega 3; total n6, total 

  Serum CTX (ng/mL) 

Serum Osteocalcin 

(ng/mL) 

Serum Alkaline phosphatase 

(U/L) 

Urinary CTX/CR 

(µg/mmol/L) 

Urinary DPD/CR 

(nmol DPD/mmol Cr) 

Multivariate model R2 Std β P value R2 Std β P value R2 Std β P value R2 Std β P value R2 Std β P value 

Total n-3 LCPUFA 

(mg/mL)  0.098 -0.010 0.865 0.061 0.022 0.705 0.004 -0.034 0.565 0.169 -0.031 0.570 0.061 -0.104 0.078 

ALA (mg/mL) (C18) 0.100 -0.056 0.332 0.061 -0.015 0.792 0.036 -0.021 0.721 0.169 -0.040 0.469 0.070 -0.141 0.016* 

EPA (mg/mL) (C20) 0.098 -0.008 0.893 0.062 0.036 0.535 0.035 -0.003 0.966 0.172 0.069 0.209 0.062 -0.105 0.072 

DPA (mg/mL) (C23) 0.098 -0.022 0.699 0.061 0.02 0.732 0.036 -0.025 0.670 0.168 -0.007 0.896 0.059 -0.088 0.131 

DHA (mg/mL) (C22) 0.098 -0.012 0.831 0.062 0.031 0.603 0.042 -0.081 0.174 0.168 -0.030 0.591 0.055 -0.062 0.297 

    
 

    
  

  
  

  
  

  
  

Total n-6 PUFA (mg/mL)  0.098 -0.016 0.775 0.065 -0.063 0.275 0.037 -0.039 0.503 0.174 -0.080 0.141 0.051 -0.004 0.942 

LA (mg/mL) (C18) 0.098 0.003 0.710 0.066 -0.071 0.222 0.037 -0.037 0.528 0.174 -0.082 0.131 0.051 -0.006 0.916 

AA (mg/mL) (C20) 0.098 0.003 0.963 0.061 -0.024 0.688 0.037 -0.037 0.537 0.171 -0.059 0.285 0.051 0.001 0.983 

    
 

    
  

  
  

  
  

  
  

n-6:n-3 ratio 0.098 -0.001 0.988 0.065 -0.063 0.280 0.036 0.008 0.888 0.168 -0.021 0.702 0.061 0.101 0.088 
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omega 6; LA, linoleic acid (18 : 2 n-6); AA, arachidonic acid (20 : 4 n-6); ALA, α-linolenic acid (18 : 3 n-3);  EPA, eicosapentaenoic acid (20 : 5 n-3); DPA, 

docosapentaenoic acid (23 : 5 n-3); DHA, docosahexaenoic acid (22 : 6 n-3); n-6:n-3 ratio, total n-3: total n-6 ratio. 

*Denotes significance (P<0.05). Multivariate model adjusted for age, BMI, physical activity, smoking status and years’ post-menopause 
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Chapter 6:  

General Discussion 
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The overall aim of this thesis was to investigate the vitamin D status of care home 

residents and to investigate its impact on musculoskeletal health outcomes. In order to 

fulfil this aim, several objectives were addressed in four studies. Firstly, a systematic 

review was conducted to investigate the vitamin D status of care home residents across 

the globe and to investigate the effect of intervention alone and in combination with 

other nutrients or therapies on improving vitamin D status and health outcomes 

(Chapter 2). Observational studies were completed including an investigation into the 

vitamin D status and musculoskeletal health of care home residents in NI (Chapter 3), 

an investigation into the contribution of care home menus to dietary vitamin D in 

residents in NI: modelling based on analysis of menus with and without fortified milk 

(Chapter 4) and finally an investigation into the associations between n-3 LCPUFA 

and bone parameters in postmenopausal women (Chapter 5). The overall findings from 

this thesis identified a high prevalence of vitamin D deficiency and insufficiency in care 

home residents in NI and that a higher 25(OH)D concentration was associated with less 

bone resorption which is important for bone maintenance in this vulnerable group. 

Contribution of care home menus to dietary vitamin D were low, and vitamin D ± 

calcium supplementation was shown to be a significant predictor of a higher 25(OH)D 

concentration. Overall, it is clear that specific dietary and supplementation guidelines 

for care home residents are required in order to achieve optimal status for health.  

In order to better understand the prevalence of vitamin D deficiency worldwide, a 

systematic review of the available literature was conducted for the first time showing a 

high prevalence of vitamin D deficiency in care home residents, with higher rates seen 

in cohorts with low supplement use. Lack of sunlight exposure, poor dietary 

consumption of vitamin D (Kuwabara et al. 2010; Portela et al. 2010), frailty, lack of 

vitamin D supplementation & fortification (Diekmann et al. 2013) and compromised 

renal function (Terabe et al. 2012) were associated with poor vitamin D status in 
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residents. This review critically reviewed the dose and duration of vitamin D 

supplementation in order to raise vitamin D status in care home residents and 

highlighted that care home residents with severe deficiency/deficiency/insufficiency 

require remedial supplementation prior to maintenance supplementation. As expected, 

the two interventions of the highest dose of vitamin D [a once off intermuscular dose of 

600,000IU vitamin D3 (Tellioglu et al. (2012) and 100,000IU vitamin D3/week 

(Mueangpaisarn et al. 2020)] were shown to significantly increase 25(OH)D 

concentrations by the greatest amount and achieve optimal vitamin D status (25(OH)D 

>75nmol/L). It is important to note however, that very high dose vitamin D 

supplementation has been shown to result in some adverse effects in older people 

including increased risk of falls and fractures (Sanders et al. 2010), therefore standard 

clinical practice in the UK is to give more modest doses on a daily or weekly basis. Due 

to the variation in the dose and duration used across intervention studies, it was difficult 

to determine the best dose for maintenance of vitamin D status, nevertheless, daily 

supplementation with doses >800IU/day (double that recommended in the UK by 

SACN), 2000IU/day (Schwalfenberg et al. 2010) and weekly supplementation with 

5600IU/week (Veleva et al. 2014; Mol et al. 2018) may be the most effective doses in 

care home residents. Further research is needed to determine the most effective dose and 

duration for remedial and maintenance supplementation to achieve and maintain a 

vitamin D status at a desirable concentration post-intervention; something which has not 

been investigated to date. This would provide useful information on whether care home 

residents need to be on continuous supplementation for long periods of time to restore 

vitamin D status to a sufficient concentration and maintain it. 

Overall, oral nutritional supplementation in addition to exercise was shown to benefit 

physical function and performance (Abizanda et al. 2015; Corcoran et al.2017; Franzke 

et al. 2019) whereas intervention with vitamin D and calcium fortified foods resulted in 
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benefits to quality-of-life score (Costan et al. 2014) and reduction in bone resorption 

(Bonjour et al. 2011; Bonjour et al. 2013). High dose vitamin D supplementation may 

reduce respiratory illness (Ginde et al. 2017) however research to date is limited, and 

high dose supplementation was associated with higher incidence of falls therefore care 

should be taken when administrating supplementation to those with a history of falling. 

The majority of studies had small sample sizes, were short in duration, used small doses 

of vitamin D or degree of fortification was not high enough. In addition, several studies 

had strict inclusion criteria limiting inclusion of frailer participants and did not have a 

control/placebo group. 

Although high rates of vitamin D deficiency in care home residents have been shown 

across the globe, there was no available literature on the vitamin D status or prevalence 

of deficiency in care home residents in NI. Therefore, an observation study investigating 

the vitamin D status and factors impacting on vitamin D status and musculoskeletal 

health outcomes in care home residents in NI was conducted for the first time (Chapter 

3). This study reported a high prevalence of vitamin D deficiency and insufficiency in 

care home residents. Mean 25(OH)D concentration for residents was almost within 

sufficiency (25(OH)D >50nmol/L) despite high rates of deficiency highlighting that 

deficiency rates in care home residents may give a better indication of status compared 

to mean 25(OH)D concentration. 25(OH)D was not shown to be a significant predictor 

of T-score, muscle strength, TUG or inflammatory cytokines albeit, higher 25(OH)D 

concentration was associated with lower bone turnover, which has important 

implications for care home residents who are at significant risk of osteoporosis and 

associated factures. With this said, our study showed that following heel scan with the 

bone ultrasonometer, twice as many residents had osteoporosis compared to known 

osteoporosis from their medical records and therefore osteoporosis may be 

underdiagnosed and undertreated in care home residents in NI and demonstrates a 
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potential role for bone ultrasonometer in diagnosing osteoporosis in residents unable to 

attend for a full Dual-energy X-ray absorptiometry (DXA) scan. Interestingly, and of 

concern, even with the shown benefit of vitamin D ± calcium supplementation for a 

higher 25(OH)D concentration, a high percentage of residents were not prescribed any 

form of vitamin D supplementation (52.9%). Currently in the UK, SACN recommend 

supplementation of 10µg/day for those with insufficient sunlight exposure all-year 

round. This study provides important clinically relevant information, adding to the 

current limited body available, and lends weight to the argument for mandatory vitamin 

D supplementation in care home residents in NI. 

With deficiency rates high and supplementation use low, an investigation into the 

dietary contribution of care home menus in NI was conducted (Chapter 4). Care home 

menus in NI provided a mean contribution of 3.7µg vitamin D which is well below the 

10µg recommendation in the UK. Data was modelled, with all milk replaced with a 

vitamin D-fortified milk and mean contribution of vitamin D, calcium and protein was 

recalculated. Replacing full-fat milk with vitamin D fortified milk in all 10 care homes 

combined results in an increase in dietary vitamin D by 40.5%, from 3.7µg to 5.2µg/day 

albeit was still not sufficient to meet the UK recommendation. Research has shown that 

residents do not consume all food offered to them, with many consuming only 50% of 

food offered (Vucea et al. 2017) and as few as one in every ten residents finishing a full 

meal (Sossen et al. 2021). Therefore, residents are at risk of insufficient intakes of 

important nutrients for bone health. There is a need for inclusion of a wide variety of 

foods high in vitamin D and/or fortified in vitamin D to care home menus and this study 

further supports the call for dietary recommendations specific for care home residents 

and mandatory vitamin D supplementation in care home residents in NI.  

Postmenopausal women, together with care home residents, are two vulnerable groups 

with many risk factors for osteoporosis. Recent evidence suggests a potential role for n-
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3 LCPUFA to benefit bone health and prevent bone loss (Kim et al. 2019). Therefore, 

we investigated associations between n-3 LCPUFA and bone parameters in a cohort of 

postmenopausal women from the Island of Ireland. Although n-3 LCPUFA was not a 

significant predictor of any of the measures of T-score or BMD, n-3 LCPUFA was 

shown to be positively associated with femur BMD in those with a low n-6:n-3 ratio. In 

addition, a higher n-3 LCPUFA; ALA; resulted in lower bone resorption and overall 

support a role for n-3 LCPUFA in benefiting bone health in this vulnerable group. This 

an important public health message for postmenopausal women and other groups at risk 

of osteoporosis such as care home residents to include rich dietary sources of n-3 

LCPUFA such as oily fish in their diet. 

In conclusion, this thesis shows vitamin D deficiency and insufficiency is prevalent in 

care home residents in NI, potentially owing to low supplement use and poor dietary 

contribution of vitamin D. This thesis has important implications for health care 

professionals to prescribe vitamin D ± calcium supplementation to care home residents 

and supports the development of dietary guidelines specific for this population. The 

results also add to the evidence that n-3 LCPUFA could have a potential role in 

preventing further bone loss in vulnerable groups. 
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Summary of findings: 

To summarise, this thesis provides evidence of the following: 

1. There is a high prevalence of vitamin D deficiency in care home residents 

globally. Care home residents require remedial supplementation prior to 

maintenance supplementation however more research is required to investigate 

the best dose and duration of supplementation. Some promising findings in 

relation to oral nutritional supplements and food fortification have been 

highlighted in relation to both biological and physical outcomes. This may be 

useful as a potential intervention in care home residents given the low dietary 

contribution of care home menus to dietary vitamin D reported albeit evidence is 

limited. 

2. Vitamin D deficiency and insufficiency is highly prevalent in care home 

residents in NI. A higher 25(OH)D concentration was attributed to less bone 

turnover, and vitamin D ± calcium supplementation resulted in a significantly 

higher 25(OH)D concentration, albeit a significant number of care home 

residents are not receiving supplementation (49.4%). There is a high prevalence 

of undiagnosed osteoporosis in care home residents in NI which may be 

undertreated. 

3. Mean 25(OH)D concentration may not be the most accurate measure of vitamin 

D status in care home residents given the significant difference in 25(OH)D 

concentrations in supplement users vs. non-supplement users. Assessing 

deficiency rates in this group may be a better outcome measure. 

4. Care home menus do not provide sufficient dietary vitamin D and often 

residents do not eat all of the food offered putting them at significant risk of not 

meeting nutrient recommendations for other nutrients important for bone health 

including calcium & protein. Inclusion of vitamin D fortified milk and/or foods 
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shown to be top contributors of nutrients important for bone health into the diet 

of care home residents would compliment vitamin D supplementation practices. 

5. The positive association between n-3 LCPUFA and femur BMD alongside the 

negative association between ALA with urinary DPD/Cr  

support a beneficial role for n-3 LCPUFA in reducing postmenopausal bone 

resorption and favorably influencing BMD. 
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Scope for future research 

1. Owing to the observational study design, 25(OH)D concentration was measured 

at one time point. Future studies would benefit from measuring 25(OH)D 

concentrations at several timepoints and control for additional factors that may 

impact on 25(OH)D concentrations to get a true representation of vitamin D 

status. Describing the vitamin D status of care home residents should be based 

on prevalence of vitamin D deficiency rather than mean 25(OH)D 

concentrations due to significant differences in 25(OH)D concentration between 

supplement users and non-supplement users. In addition, measuring associations 

between n-3 LCPUFA and bone parameters in care home residents may be 

beneficial due to shown benefit in postmenopausal women. 

2. An investigation into the best dose and duration of supplementation required to 

replenish and maintain vitamin D status would be beneficial to inform clinical 

practice. Measuring the dose-response rate of remedial supplementation has not 

been carried out in a cohort of care home residents to date. 

3. Due to recruitment in this study being curtailed by COVID-19, future studies 

should aim to recruit more people to better determine if 25(OH)D concentration 

is associated with musculoskeletal health outcomes and inflammatory cytokines 

in care home residents. 

4. A large-scale vitamin D food fortification programme in care home residents in 

NI should be developed to determine its impact on improving vitamin D intakes, 

25(OH)D concentrations and health outcomes in this group.  
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Appendix 1: Review chapter search terms (Chapter 2) 
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Keywords/ search terms for CINAHL complete search: 

(MH "Nursing Homes+") OR (MH "Residential Facilities+") OR home* for the aged or 

nursing home* or residential care facilit* or residential care or residential care home* 

or nursing home* or care facilit* or residential facilit* or institutionali#ed 

AND (MH "Aged+") OR (MH "Aged, 80 and Over+") OR aging or ageing or older 

adult* or old* people or old* person or elder* or pensioner* or geriatric* or senior* 

or frail elderly 

AND (MH "Vitamin D+") OR (MH "Cholecalciferol") OR (MH "Ergocalciferols") OR 

(MH "Calcitriol") OR vitamin d or vitamin d status* or cholecalciferol or 

hydroxycholecalciferols or calcifediol or dihydroxycholecalciferols or ergocalciferol* 

or dihydrotachysterol or 25-hydroxyvitamin d 2 or vitamin d3 or vitamin d2 or 25OHD 

or 25 OH D or calcidiol or dihydroxyvitamin D or 25OHD2 or 25 OH D2 or 25OHD3 

or 25 OH D3 or 1,25OH2D or 1alpha,25-OH2D3 or 1 25 dihydroxyvitamin D3 or 1,25-

dihydroxyvitamin D3 or 1 25-dihydroxyvitamin D3 or 25-hydroxyvitamin D or 25 

hydroxyvitamin D or 1 25-dihydroxyvit D3 or 1 25 dihydroxyvit D or 1 alpha,25 

dihydroxyvitamin D3 or 1,25-dihydroxycholecalciferol or 1alpha,25-dihydroxyvitamin 

D3 or 1alpha, 25-dihydroxyvitamin D3 or 1 alpha,25-dihydroxyvitamin D3 or 1alpha, 

25-dihydroxyvitamin D or 1 alpha, 25-dihydroxyvitamin D or 1 alpha 25-

dihydroxyvitamin D3 or 1alpha 25-dihydroxyvitamin D or 1,25-

dihydroxycholecalciferol 

Keywords/ search terms for Medline (Ovid) completed search 

Homes for the Aged OR home* for the aged or nursing home* or residential care 

facilit* or residential care or residential care home* or nursing home* or care facilit* 

or residential facilit* or institutionali#ed 
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AND exp aged/ or exp "aged, 80 and over"/ or exp frail elderly OR aging or ageing or 

older adult* or old* people or old* person or elder* or pensioner* or geriatric* or 

senior* or frail elderly 

AND Exp Vitamin D OR vitamin d or vitamin d status* or cholecalciferol or 

hydroxycholecalciferols or calcifediol or dihydroxycholecalciferols or ergocalciferol* 

or dihydrotachysterol or 25-hydroxyvitamin d 2 or vitamin d3 or vitamin d2 or 25OHD 

or 25 OH D or calcidiol or dihydroxyvitamin D or 25OHD2 or 25 OH D2 or 25OHD3 

or 25 OH D3 or 1,25OH2D or 1alpha,25-OH2D3 or 1 25 dihydroxyvitamin D3 or 1,25-

dihydroxyvitamin D3 or 1 25-dihydroxyvitamin D3 or 25-hydroxyvitamin D or 25 

hydroxyvitamin D or 1 25-dihydroxyvit D3 or 1 25 dihydroxyvit D or 1 alpha,25 

dihydroxyvitamin D3 or 1,25-dihydroxycholecalciferol or 1alpha,25-dihydroxyvitamin 

D3 or 1alpha, 25-dihydroxyvitamin D3 or 1 alpha,25-dihydroxyvitamin D3 or 1alpha, 

25-dihydroxyvitamin D or 1 alpha, 25-dihydroxyvitamin D or 1 alpha 25-

dihydroxyvitamin D3 or 1alpha 25-dihydroxyvitamin D or 1,25-

dihydroxycholecalciferol 
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Appendix 2: Confirmation of ethical approval (Chapter 3) 
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    Office for Research 
Ethics Committees 

Northern Ireland   
(ORECNI)  

Customer Care & 
Performance Directorate 
Lissue Industrial Estate 

West 

5 Rathdown Walk Moira 
Road Lisburn BT28 2RF 

Tel: 02895361400 

www.orecni.hscni.net  

HSC REC A  

31 July 2018  

Dr Emeir McSorley  
Room W2046 School of 
Biomedical Sciences Ulster 
University  
Cromore Road  
Coleraine  
BT52 1SA  

Dear Dr McSorley   

Study title:  A cross-sectional analysis of vitamin D status and bone  
health of older adults within residential 
care facilities in Northern Ireland.  

REC reference:  18/NI/0114  
IRAS project ID:  237739  

Thank you for your letter of 26 July 2018 , responding to the Committee’s 
request for further information on the above research and submitting 
revised documentation.  

The further information has been considered on behalf of the Committee by the Chair.  

We plan to publish your research summary wording for the above study on the HRA 
website, together with your contact details. Publication will be no earlier than three 
months from the date of this opinion letter.  Should you wish to provide a substitute 
contact point, require further information, or wish to make a request to postpone 
publication, please contact hra.studyregistration@nhs.net outlining the reasons for 
your request.  

Confirmation of ethical opinion  

On behalf of the Committee, I am pleased to confirm a favourable ethical 
opinion for the above research on the basis described in the application form, 

http://www.orecni.hscni.net/
mailto:hra.studyregistration@nhs.net
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protocol and supporting documentation as revised, subject to the conditions 

specified below.  

Conditions of the favourable opinion  

The REC favourable opinion is subject to the following conditions being met prior to the 
start of the study. 
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Management permission must be obtained from each host organisation prior to the start of 
the study at the site concerned.  

Management permission should be sought from all NHS organisations involved in 
the study in accordance with NHS research governance arrangements. Each NHS 
organisation must confirm through the signing of agreements and/or other 
documents that it has given permission for the research to proceed (except where 
explicitly specified otherwise).   
Guidance on applying for HRA and HCRW Approval (England and Wales)/ NHS 
permission for research is available in the Integrated Research Application 
System, at www.hra.nhs.uk or at http://www.rdforum.nhs.uk.   

Where a NHS organisation’s role in the study is limited to identifying and referring 
potential participants to research sites ("participant identification centre"), guidance 
should be sought from the R&D office on the information it requires to give permission 
for this activity.  

For non-NHS sites, site management permission should be obtained in 
accordance with the procedures of the relevant host organisation.   

Sponsors are not required to notify the Committee of management 
permissions from host organisations  

Registration of Clinical Trials  

All clinical trials (defined as the first four categories on the IRAS filter page) must be 
registered on a publically accessible database within 6 weeks of recruitment of the first 
participant (for medical device studies, within the timeline determined by the current 
registration and publication trees).    

There is no requirement to separately notify the REC but you should do so at the 
earliest opportunity e.g. when submitting an amendment.  We will audit the registration 
details as part of the annual progress reporting process.  

To ensure transparency in research, we strongly recommend that all research is 
registered but for non-clinical trials this is not currently mandatory.  

If a sponsor wishes to request a deferral for study registration within the required 
timeframe, they should contact hra.studyregistration@nhs.net. The expectation is 
that all clinical trials will be registered, however, in exceptional circumstances non 
registration may be permissible with prior agreement from the HRA. Guidance on 
where to register is provided on the HRA website.    

It is the responsibility of the sponsor to ensure that all the conditions are complied 
with before the start of the study or its initiation at a particular site (as applicable).  

Ethical review of 

research sites NHS 

sites  

The favourable opinion applies to all NHS sites taking part in the study, subject to 
management permission being obtained from the NHS/HSC R&D office prior to 
the start of the study (see "Conditions of the favourable opinion" below).  
  

http://www.hra.nhs.uk/
http://www.rdforum.nhs.uk/
mailto:hra.studyregistration@nhs.net
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Approved documents  

The final list of documents reviewed and approved by the Committee is as follows:  
Document    Version    Date    

Confirmation of any other Regulatory Approvals (e.g. CAG) and all 
correspondence [RG3 form from Ulster University filter commitee]   

v4    

Covering letter on headed paper [26.07.18 response to REC 
committee comments REC reference 18 NI 0114]   

v1   26 July 2018   

IRAS Application Form [IRAS_Form_30052018]    30 May 2018   

IRAS Application Form [IRAS_Form_30072018]    30 July 2018   

IRAS Checklist XML [Checklist_30072018]    30 July 2018   

Letter from sponsor [Proof of Sponsorship from Nick Curry]   v1   14 May 2018   

Letters of invitation to participant [Appendix 1 recruitment letter to 
care facility managers]   

v1   06 March 2018   

Letters of invitation to participant [Appendix 2 letter to participant]   v2   10 July 2018   

Letters of invitation to participant [Appendix 3 letter to close 
relative/close friend]   

v2   10 July 2018   

Non-validated questionnaire [Appendix 12 participant health and 
lifestyle questionnaire]   

v2   10 July 2018   

Non-validated questionnaire [Appendix 13 participant health and 
lifestyle questionnaire on behalf of ALC]   

v4   10 July 2018   

Other [Appendix 8 internal pre-screening questionnaire]   v2   14 March 2018   

Other [Appendix 11 data collection sheet]   v2   14 March 2018   

Other [Appendix 15 statistical model]   v1   06 March 2018   

Other [Appendix 16 distress protocol]   v1   12 April 2018   

Other [Proof of orlagh feehan completion of phlebotomy course]   v1   10 July 2018   

Participant consent form [Appendix 9 participant consent form]   v4   10 July 2018   

Participant consent form [Appendix 10 close relative/close friend 
consent form]   

v4   10 July 2018   

Participant information sheet (PIS) [Appendix 5 participant 
information sheet]   

v4   10 July 2018   

Participant information sheet (PIS) [Appendix 6 close relative/close 
friend information sheet]   

v4   10 July 2018   

Participant information sheet (PIS) [Appendix 4 facility information 
sheet]   

v4   10 July 2018   

Research protocol or project proposal [Study protocol]   v4   10 July 2018   

Summary CV for Chief Investigator (CI) [Summary CV of CI]   v1   26 April 2018   

Summary CV for student [Summary CV for student Orlagh Feehan]   v1   26 April 2018   

Summary CV for supervisor (student research) [Dr Emeir McSorley 
CV (supervisor)]   

v1   26 April 2018   

Summary CV for supervisor (student research) [Dr David Armstrong 
CV (supervisor)]   

v1   26 April 2018   

Summary CV for supervisor (student research) [Dr Kirsty 
Pourshahidi CV (supervisor)]   

v1   26 April 2018   

Summary CV for supervisor (student research) [Dr Pamela Magee 
(supervisor)]   

v1   26 April 2018   

Summary CV for supervisor (student research) [Mr Stephen Oakes 
CV (supervisor)]   

v1   09 May 2018   

Summary, synopsis or diagram (flowchart) of protocol in non 
technical language [Appendix 7 recruitment protocol]   

v4   10 July 2018   
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Statement of compliance  

The Committee is constituted in accordance with the Governance Arrangements for 
Research Ethics Committees and complies fully with the Standard Operating 
Procedures for Research Ethics Committees in the UK.  

  



187 

 

 

The attached document “After ethical review – guidance for researchers” gives detailed 
guidance on reporting requirements for studies with a favourable opinion, including:  

• Notifying substantial amendments  
• Adding new sites and investigators  
• Notification of serious breaches of the protocol  
• Progress and safety reports  
• Notifying the end of the study  

The HRA website also provides guidance on these topics, which is updated in the light 
of changes in reporting requirements or procedures.  

User Feedback  

The Health Research Authority is continually striving to provide a high quality service to 
all applicants and sponsors. You are invited to give your view of the service you have 
received and the application procedure. If you wish to make your views known please 
use the feedback form available on the HRA website: http://www.hra.nhs.uk/about-the-
hra/governance/quality-assurance/     

HRA Training  

We are pleased to welcome researchers and R&D staff at our training days – 
see details at http://www.hra.nhs.uk/hra-training/    

18/NI/0114                                                   Please quote this number on all 

correspondence With the Committee’s best wishes for the success of this project.  

Yours sincerely  

 

 

 

Email: RECA@hscni.net  

Enclosures:  “After ethical review – guidance for researchers”   

Copy to:  Mr Nick Curry, Ulster University   
Ms Sally Doherty, Western Health and Social 
Care Trust  Dr David Armstrong, Western 
Health and Social Care Trust  Miss Orlagh 
Feehan, Ulster University  

After ethical review Reporting requirements 

pp:  

Dr Alastair Walker Acting Chair  

http://www.hra.nhs.uk/about-the-hra/governance/quality-assurance/
http://www.hra.nhs.uk/about-the-hra/governance/quality-assurance/
http://www.hra.nhs.uk/hra-training/
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Appendix 3: Research protocol (Chapter 3) 
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STUDY PROTOCOL 

Assessing the vitamin D status and bone health of older adults in residential care facilities 

in Northern Ireland (NI) 

Background 

Vitamin D deficiency is prevalent in community-dwelling older adults, with prevalence 

substantially higher among older adults in residential care facilities. Musculoskeletal 

health is compromised in older vitamin D deficient individuals and alongside frailty, 

sarcopenia and osteoporosis associated with ageing, affected individuals are at increased 

risk of falls and fractures. Vitamin D supplementation is an effective intervention for fall 

prevention and, along with calcium supplementation, in fracture risk reduction in 

institutionalised older adults. Thus, monitoring vitamin D status and treating deficiency 

among older adults in residential care facilities effectively, may limit the substantial 

economic burden associated with falls/fractures in this population. The vitamin D status 

of older adults in residential care facilities in NI is currently unknown, therefore, the aim 

of this pilot study is to determine the vitamin D status of this cohort of the population, 

and to define factors which may influence vitamin D status, including BMI, mobility out-

of-doors, medication use, dementia and diet. Vitamin D status will be determined via the 

measurement of total serum 25-hydroxyvitamin D using liquid chromatography-tandem 

mass spectrometry (LC-MS/MS). In addition, biomarkers associated with vitamin D 

metabolism will be measured including calcium, albumin, creatinine, urea, bone turnover 

markers and parathyroid hormone. Factors that may affect vitamin D status will be 

assessed using a health and lifestyle questionnaire and dietary vitamin D intake will be 

estimated via analysis of the menus in the residential care facilities. Vitamin D 

supplementation practices in these facilities will also be assessed via analysis of drug 

prescription records, focusing on differences between residents who have/have not 

suffered a fracture. This pilot study will provide data on the prevalence of vitamin D 
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deficiency in older adults in residential care facilities within NI and identify factors that 

predispose residents to increased risk of deficiency. Dissemination of these findings, 

along with analysis of current supplementation practices, will help practitioners to 

develop a strategy to identify those residents with vitamin D deficiency/insufficiency and 

thus requiring supplementation ultimately improving health and well-being. This pilot 

study will also inform the design of a larger study to investigate vitamin D status, 

supplementation and musculoskeletal health in older adults in residential care facilities 

within NI, providing important information that will ultimately contribute towards 

reducing falls and fractures within this population. 

Hypothesis 

Assessing the prevalence of vitamin D deficiency in older adults in residential care 

facilities within NI will inform a larger study investigating vitamin D status, 

supplementation and fracture reduction strategies.  

Aim  

The aim of this pilot study is to determine the vitamin D status of older adults in 

residential care facilities within NI (primary outcome), and to define factors which may 

influence vitamin D status, including body mass index (BMI), mobility, dementia, 

medication use and diet. 

Methods 

Study design 

This study is a cross-sectional design in which one measurement will be taken at one-

time point. Each participant will be given a 1 hour appointment which will be arranged at 

a time that is convenient to the participant.  
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Older adults (>65 years years) in residential care facilities have been chosen as the target 

group for this study as they are more likely to be at risk of vitamin D deficiency and 

compromised bone health. If vitamin D deficiency is detected in any study participants, 

remedial action will be taken under the clinical guidance of Dr David Armstrong. Action 

will involve the replenishment of the participant’s vitamin D status through vitamin D 

supplementation. 

This cross-sectional study will be conducted to determine the vitamin D status and 

associated markers of bone health such as parathyroid hormone, calcium, creatinine, urea 

and alkaline phosphatase. Muscle strength will also be assessed and an Achilles Insight 

measurement taken to assess bone mineral density.   

Recruitment  

A total of 200 male and post-menopausal female older adults residing in residential care 

facilities from across the Western Health and Social Care Trust in NI will be invited to 

participate in this study.  Dr David Armstrong is responsible for identifying interested 

residential care facilities and has already established links with several residential care 

facilities across the Western Health and Social Care Trust. Both private and NHS 

residential care facilities can take part in the study. The lead general practitioner (GP) for 

each Residential Care Facility will be notified that the study is taking place. A letter 

(Appendix 1) & information pack (Appendix 4) will be sent by Dr David Armstrong 

(Clinical Rheumatologist & Clinical Lead Fracture Liaison Service Altnagelvin Hospital) 

to the residential care facility management detailing the study design. The letter will state 

that the researcher (Orlagh Feehan) will contact (by phone) the residential care facility 

management to determine study interest.  

Where interest is expressed in taking part in the study, Dr David Armstrong and Orlagh 

Feehan will meet with the residential care facility management and further explain the 

184 
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study details and requirements.  At this point the management will be provided with letters 

& participant information packs for distribution to potential participants. 

A lead person/gate keeper will be identified in each residential care facility and they will 

complete a short internal screening questionnaire (Appendix 8) in conjunction with Dr 

David Armstrong to determine participants eligibility for participation in the study. The 

lead person/gate keeper will distribute the participant information packs to all potential 

participants. Close relative/close friend letters and information packs will also be made 

available for distribution. After at least one week, as outlined in the participant 

information sheet, the lead person/gate keeper will supply a list of names of participants 

interested in taking part in this research project. Following this, the researcher (Orlagh 

Feehan) will organise a suitable date to obtain informed consent from the participants. 

The researcher (Orlagh Feehan) will attend the residential care facility on the organised 

date and time and meet with participants who wish to participate in the study. Written 

consent will be obtained from participants and a date and time will be organised for 

Orlagh Feehan to return to collect study measurements as outlined in the protocol. 

Residential care facilities will be recruited until the desired participant recruitment 

number (approximately n=100) has been achieved.  

Screening and participant information sheet 

An internal screening questionnaire (Appendix 8) will be completed by the gate keeper 

in each residential care facility in conjunction with Dr David Armstrong. This will be 

used to assess participant eligibility for the study. Information sheets will then be given 

to eligible participants.   

It will be made clear that if the participant has any further queries regarding the study, 

they can contact the research team using details provided on the information sheet 

(Appendix 5). Inclusion criteria for the study will be all male and females (>65 years) 
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who have been residing in a residential care facility for >1 month. If an individual decides 

they would like to take part in the study, a short internal screening questionnaire will be 

used by the lead person/gate keeper and Dr Armstrong to establish if an individual is 

eligible for participation in the study (Appendix 8). Participants are still eligible to 

participate if all desirable study measurements (such as FRAX assessment, timed up & 

go test) cannot be collected. 

Consent 

Participants will be made fully aware that there is no obligation for them to take part in 

the study and it will be made clear that they are free to withdraw from the study at any 

time. Participants will be given at least 7 days to consider taking part in the study, if 

required. All eligible participants will be asked to provide verbal assent and written 

informed consent, signing the form (Appendix 9) in the presence of a researcher prior to 

beginning the study.   

In the case of an Adult Lacking in Capacity (ALC), the multi-disciplinary team at the 

residential care facility will decide if the participant is eligible to participate if their 

participation in the study will be beneficial to their care. The ALC’s close relative/close 

friend will be asked to complete a Participant Health and Lifestyle Questionnaire on their 

behalf. They will be provided with a letter (appendix 3 version 2, 10.07.18), participant 

information sheet (appendix 6, version 4, 10.07.18), a copy of the Participant Health and 

Lifestyle Questionnaire on behalf of an ALC (appendix 13, version 4, 10.07.18) and asked 

to complete a consent form (appendix 10, version 4, 10.07.18).  

If the participants relative/friend are unable to attend their relative/friends appointment to 

complete the consent form and health and lifestyle questionnaire, alternatively they can 

provide a contact telephone number and a member of the researcher team will contact 

them to discuss the study. The completed consent form and the health and lifestyle 
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questionnaire can then be posted back to the residential care facility within which their 

relative/friend resides or to the research team to the following address: 

FAO Orlagh Feehan 

Faculty of Life and Health Sciences 

Ulster University 

Cromore road 

Coleraine 

BT521SA 

This research will be approved prior to commencement of the study by the Office for 

Research Ethics Committees Northern Ireland (ORECNI) and conducted in accordance 

with the Declaration of Helsinki.  

Blood sampling 

A trained and experienced phlebotomist will obtain a blood sample (20ml max) by 

venepuncture into EDTA tubes or serum tubes. All blood samples will be kept chilled/on 

ice before processing. Aliquots of whole blood will be taken from the EDTA tube and the 

remaining samples will be prepared by centrifugation.  Aliquots of serum, plasma, buffy 

coat, washed red cells and red blood cells (all 0.5ml) will be stored in monitored, -80ºC 

freezers at Ulster University, Coleraine according to Human Tissue Act (HTA) standards, 

until analysis (see RG1d form-Appendix 14).  

Physical measurements 

Height and weight 

Height and weight will be measured to determine Body Mass Index (BMI, kg/m2). 

Standing height (m) will be measured to the nearest 0.5cm using a calibrated stadiometer 

(SECA, Model 220, Germany). Body weight (kg) will also be measured and recorded 
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without footwear or heavy clothing and measured to the nearest 0.1kg using portable 

scales (Seca; Brosch Direct Ltd, Peterborough, UK).  

Achilles Insight portal QUS analysis 

Bone mineral density (BMD) will be assessed using a portable Achilles Insight QUS 

scanner.  Prior to assessment, a researcher will fully explain the procedure to the 

participant. 

Hand-grip dynamometer 

Muscle strength (kg) will be measured using a hand-grip dynamometer (Stoelting, 

Illinois, USA). Prior to assessment, a researcher will fully explain the procedure to the 

participant. 

All physical measurements for each participant will be recorded on a single data 

collection sheet (Appendix 11). 

Questionnaire assessment 

All participants will complete a short questionnaire to assess general health and lifestyle 

habits such as health history, alcohol intake, smoking status and supplement use 

(Appendix 12). History of fracture for each subject will also be noted in the questionnaire 

and cross-checked with hospital records. 

In the case of an ALC, the ALC’s close relative/close friend will be asked to complete a 

Participant Health and Lifestyle Questionnaire on their behalf. They will be provided with 

a letter (appendix 3 version 2, 10.07.18), participant information sheet (appendix 6, 

version 4, 10.07.18), a copy of the Participant Health and Lifestyle Questionnaire on 

behalf of an ALC (appendix 13, version 4, 10.07.18) and asked to complete a consent 

form (appendix 10, version 4, 10.07.18).  

Timed up & go test 
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A timed up & go test will be conducted to test basic mobility (Podsiadlo & Richardson, 

1991). A 3 metre distance will be identified and the participant will be asked to Stand up 

from a chair, walk  at a normal pace to the line on the floor which is 3 metres from the 

chair, turn, Walk back to the chair at normal pace and sit down again. The time taken to 

do this will be recorded. The trained researcher will explain the exact procedure to the 

participant. 

Fracture Risk Assessment Tool (FRAX) 

Fracture risk will be determined using the Fracture Risk Assessment Tool 

(http://www.shef.ac.uk/FRAX).  This tool calculates the 10 year probability of fracture, 

taking into consideration BMD. 

Biochemical analysis 

The following biochemical analysis will be conducted as part of this study protocol: 

25 Hydroxyvitamin-D 

Vitamin-D status, the primary outcome measure of the study, will be determined via the 

measurement of total serum 25 hydroxyvitamin-D [25(OH)D] concentrations 

[25(OH)D2 plus 25(OH)D3] using liquid chromatography-tandem mass spectrometry 

(LC-MS/MS), currently regraded as the ‘gold-standard’ technique for this analysis. 

Parathyroid hormone (PTH) 

Plasma intact PTH will be measured in duplicate using an ELISA. PTH is usually 

elevated in vitamin-D deficiency (Kennel et al. 2010) and has been proposed as a 

functional biomarker of vitamin-D status.  

Calcium, albumin, creatinine, urea and bone turnover markers  

Serum concentrations of these biomarkers will be quantified in duplicate. Albumin-

adjusted calcium concentrations will be calculated and creatinine concentrations will be 
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used to calculate estimated glomerular filtration rate (eGFR), to estimate kidney function. 

Urea will serve as a marker of dehydration. Low 25(OH) D concentrations may be 

associated with abnormal bone mineralisation, therefore bone turnover markers such as 

alkaline phosphatase concentrations and novel markers of bone health such as 

polyunsaturated fatty acids will be assessed. 

Additional analysis 

Nutritional analysis of menus  

The vitamin D content of meals provided by the residential care facilities will be assessed 

by analysing the care facility menus using Nutritics Professional Nutritional analysis 

software. The menus will be accessed by the lead gate keeper within each residential care 

facility and the researcher from Ulster University, Coleraine. 

Assessment of vitamin-D supplementation practices  

Prescription data for care facility residents will be examined to determine how many 

residents were prescribed a vitamin-D supplement.  

Statistical analysis 

All statistical analyses will be performed using SPSS Statistics for Windows, version 22 

or higher (IBM Corp, Armonk, NY). Data will be tested for normality using the Shapiro-

Wilk test and transformed if necessary. Descriptive statistics will be used to determine 

mean serum 25(OH)D concentrations and to determine the proportion of residents 

classified as vitamin-D deficient [25(OH)D 50 nmol/L) according to the cut-offs defined 

by the Institute of Medicine for bone health (IOM, 2011). Multiple regression analysis 

will be conducted to identify factors that significantly predict vitamin-D status. P value 

of <0.05 will be considered significant for all tests (Appendix 15).  
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Diagrammatic protocol for observation study: bone health and vitamin D status of older 

adults in residential care facilities within Northern Ireland 
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Appendix 4: Internal screening questionnaire (Chapter 3) 
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Internal Screening questionnaire 

 

Subject ID:  

Age: 

Gender: 

 

Study title: Assessing the vitamin D status of older adults in residential care facilities within Northern 

Ireland: a cross-sectional study 

 

This questionnaire contains a series of questions designed to make sure that the individual is suitable to 

take part in the above study.  Any information contained herein will be treated as strictly confidential.  If 

you have any queries in relation to this questionnaire please contact Orlagh: Feehan-o@ulster.ac.uk or 

Tel: 02870123595 

 

Screening questions**Please answer all questions. Circle appropriate answer** 

 

Has the individual been in a residential care facility for >1 month? Yes No 

Is the individual >65 years? Yes No 

Is the individual able to communicate and give informed consent? Yes No 

Does the individual have a relative which can consent on their behalf? Yes No 

Does the individual have a chronic medical condition such as extreme case of 

secondary hyperparathyroidism, extreme renal failure which may lead to unusual 

bone metabolism and therefore it may not be feasible for them to take part in this 

study? 

Yes No 

If yes to above question, please justify your answer: 

 

 

 

 

 

 

 

For use of Dr David Armstrong, Clinical Rheumatologist, Altnagelvin Hospital 
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Is this person suitable for participation in this research study?  

 

 

  

Yes No 
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Appendix 5: Participant information sheet (Chapter 3) 
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Assessing the vitamin D status and bone health of older adults in residential care 

facilities in Northern Ireland 
 

 

Participant Information Sheet 
 

 

You are being invited to take part in a research study in your residential care facility. 

Before you decide whether or not to take part, it is important that you understand what 

the research is for and what you will be asked to do. Please read the following information 

and do not hesitate to ask any questions about anything that might not be clear to you. 

Make sure that you are happy before you decide what to do.  

 

Names of investigators: 

 

Orlagh Feehan 

Post-graduate Researcher 

School of Biomedical Sciences 

feehan-o@ulster.ac.uk  

Tel: 02870123193 

 

Dr. David Armstrong 

Consultant Rheumatologist 

Altnagelvin Hospital 

david.armstrong@westerntrust.hscni.net 

 

Dr Emeir McSorley (Chief Investigator) 

Senior Lecturer  

School of Biomedical Sciences 

em.mcsorley@ulster.ac.uk 

Tel: 028 701 23181 

 

 

Thank you for taking the time to consider this invitation 

 

Dr Pamela Magee 
Lecturer 
School of Biomedical Sciences 
pj.magee@ulster.ac.uk 
Tel: 02870124360 
 
Dr Kirsty Pourshahidi 
Researcher 
School of Biomedical Sciences 
k.pourshahidi@ulster.ac.uk  
Tel: 028 701 24030 
 

mailto:feehan-o@ulster.ac.uk
mailto:david.armstrong@westerntrust.hscni.net
mailto:pj.magee@ulster.ac.uk
mailto:k.pourshahidi@ulster.ac.uk
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What is the purpose of the study? 

Vitamin D is essential for bone and muscle health, with deficiency causing reduced 

strength of bone and muscle weakness. Muscle weakness in older adults increases the risk 

of falling, and increased fragility of bone increases the risk of fracture if a fall occurs. 

Vitamin D and calcium supplementation have been shown to reduce falls and fracture 

risk in older adults, therefore it is important to monitor vitamin D status in residential care 

facility residents and to treat those who are deficient by supplementing with vitamin D. 

 At present, we do not know how many residential care facility residents are vitamin D 

deficient in Northern Ireland (NI), as there is no available data. There is also a lack of 

information on how much vitamin D residential care facility residents receive in their 

diet. Studies conducted in other countries have shown a high degree of vitamin D 

deficiency in residential care facility residents. The aim of this study is to assess vitamin 

D concentrations in older adults within residential care facilities in NI and to investigate 

factors that may affect vitamin D concentrations within the body such as weight, sun 

exposure, mobility, medication use, calcium status and dietary intake.  

This small study and follow-up research may ultimately improve the health and well-

being of older adults within residential care facilities by enhancing their bone/muscle 

health and reducing their risk of falls and fractures. 

Why have I been chosen?  

You have been chosen for this study because your residential care facility has responded 

to the recruitment material and expressed interest in participating in the study. The lead 

general practitioner (GP) in your local health care centre who is responsible for your 

facility has, in conjunction with Dr Armstrong (Clinical Lead Fracture Liaison Service, 

Altnagelvin Hospital) identified your facility as one which may be interested in 

participating.  

Do I have to take part? 

It is up to you to decide whether or not to take part. If you decide to take part you will be 

given this information sheet to keep and be asked to sign a consent form. If you decide to 

take part you are still free to withdraw at any time without giving a reason.   

If you choose to withdraw from the study any samples or information that may have 

already been taken before your decision to withdraw may be used for the purposes of this 

study, unless you inform us that you do not wish for this to happen. 

What do I do if I would like to participate in the study? 

If you do decide to take part in this study, your residential care facility management will 

nominate a lead person/ gate keeper who will return at least one week from the date of 

receiving this information pack to take your name as a method of expressing your interest 

in participating in the study. The lead person/gate keeper will forward your name onto 

the research team who will organise a suitable date and time to meet with you and obtain 

written consent for participation in the study. A suitable date and time will then be 

organised for the researcher to return and collect the study measurements from you. 

Study overview 
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The study will consist of 1 appointment which should last for approximately one hour. 

Once enrolled on the study, you will be given a unique identification number to ensure 

your anonymity is protected at all times. 

What do you have to do? 

During this study, you will be asked to: 

• Sign a consent form 

• Provide a blood sample 

• Have your height and weight measured 

• Have a measurement of bone mineral density taken on the heal of the foot 

• Complete a hand grip test 

• Complete a short health and lifestyle questionnaire 

• Complete a timed up & go test 

Participants will be asked to complete as many study measurements as possible. If a 

participant is unable to provide all study measurements detailed above, they will still be 

eligible to participate in the study. Medical and care facility records will be accessed (as 

detailed in participant consent form, appendix 9, version 4, 10.07.18) by the medical 

personnel on this study (Dr David Armstrong) in order to verify measurements such as 

height and weight if these measurements are not able to be taken at the time of the 

appointment. History of fracture, current medical conditions and medication use 

including dietary supplements will also be accessed via medical and care facility records. 

Blood sample 

A blood sample (maximum 20ml) will be taken by a trained and experienced phlebotomist 

at your appointment.  Common markers of bone health such as vitamin D, calcium and 

parathyroid hormone levels will be measured from these blood samples.   

Height and weight 

A researcher will measure your height and weight by routine measures at your 

appointment.  These measurements will be taken without footwear and with items from 

pockets (e.g. mobile phones, keys) and heavy clothing (e.g. coats, jumpers) removed. 

Achilles insight measurement 

A researcher will take a measurement of your bone mineral density (pain-free test) using 

an ultrasound scanner. The trained individual will talk you through the procedure which 

involves you simply putting your foot into the scanner and a measurement taken. This 

measure will be taken without footwear, socks or tights and will not cause any pain. 

Hand grip test 

The trained individual will ask you to provide a hand grip measurement using a hand grip 

dynamometer. The researcher will fully explain the procedure to you. 

Health and lifestyle Questionnaire 

You will be asked to complete a short questionnaire which asks about general health and 

lifestyle habits that are relevant to the study outcomes (e.g. vitamin D supplement use, 

alcohol intake, sun exposure, fracture history). Assistance will be provided if required to 

help you complete the health and lifestyle questionnaire. 
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Timed up & go test 

The researcher will ask you to stand up from a seated position and walk forward 3 metres, 

indicated by a marker point. The time taken to walk the distance will be recorded. The 

researcher will fully explain the procedure to you. 

Where will the study take place? 

All appointments will take place in the comfort of your residential care facility.  A 

researcher will arrange appointment times that best suit your schedule.   

Are there any risks or disadvantages of taking part in this research?  

The blood sampling may be a little painful when the needle is inserted. There is a 

possibility of minor bruising as a result of the blood draw, however, all precautions will 

be taken to minimise any discomfort. All samples will be collected by a fully trained and 

experienced phlebotomist.  

It is also possible that during the study we may uncover some abnormal results (e.g. 

parathyroid hormones outside the normal reference range) and if this happens the 

abnormal results will be forwarded to your GP. 

Are there any possible benefits in taking part?  

You will benefit from the health assessments which will be completed as part of the study 

e.g. indication of vitamin D status and fracture risk. If vitamin D deficiency is detected in 

any participant, remedial action will be taken under the clinical guidance of Dr David 

Armstrong. Action will involve the replenishment of your vitamin D status through 

vitamin D supplementation. Additionally, the results from this study will provide valuable 

new findings to the scientific community on the vitamin D status and bone health of older 

adults in residential care facilities in NI which is currently unknown. 

 

 

What if something goes wrong? 

If something goes wrong during the study, please tell one of the researchers who will 

ensure that your problem is resolved as soon as possible. It is extremely unlikely that 

something will go wrong during this study. However, you should know that the 

University has procedures in place for reporting, investigating, recording and handling 

adverse events and complaints from study volunteers.  The University is insured for its 

staff and students to carry out research involving people. The University knows about this 

research project and has approved it.  Further details on the complaints procedure can be 

found in the University’s "Research Ethics and Governance" webpage: 

https://www.ulster.ac.uk/__data/assets/pdf_file/0011/75638/Complaints.pdf   

Any complaint should be made, in the first instance, to Dr Emeir McSorley (contact 

details at the start of this document).  Any complaint you make will be treated seriously 

and reported to the appropriate authority. 

Confidentiality 

All information you provide will be treated with the strictest confidence. You will be 

assigned a unique study ID which will ensure all samples, files and data collected as part 

of this study are kept anonymous. Electronic data files will be kept on a password 

https://www.ulster.ac.uk/__data/assets/pdf_file/0011/75638/Complaints.pdf
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protected computer server, and any hard copy data files will be kept securely under lock 

and key. Your personal details (for example: name, date of birth) will not be released to 

any other organisations or body. Only those researchers listed on the Ethical Approval 

for this study will be granted access to data relating to this study.  Study records and data 

may also be looked at by people from regulatory authorities to check that the study is 

being carried out correctly. 

Your samples may be used in future research studies depending on the level of consent 

you provide at the initial study appointment (one of three options selected on the study 

consent form).  This will be fully explained to you by the researcher taking your consent, 

and you will be given time to make your decision.  

All data collected as part of this research study will be stored appropriately for 10 years 

after the study is complete.  All records and samples will be disposed of as required by 

the Data Protection and Human Tissue Act, respectively. It should be noted that Freedom 

of Information legislation will allow access to certain non-personal or generalised data. 

What will happen to the results of the study? 

The results collected for this study will be written up as a report for the funders and as a 

PhD thesis. They will also be published in scientific publications and presented at 

scientific conferences. You will not be identified in any reports or publications relating 

to this study.  

 

Who is organising and funding the research? 

This study is being conducted by researchers and academics from the Nutrition 

Innovation Centre for Food and Health (NICHE) at Ulster University, as part of a PhD 

studentship funded by the Department of Education (DfE), UK. 

Who has reviewed this study? 

This study has been reviewed by members of staff at the University who are 

knowledgeable in the subject area and Office for Research Ethics Committees Northern 

Ireland (ORECNI). 

 

Thank you again for your interest in this study and for taking the time to read 

through this information sheet 
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Appendix 6: Close relative/close friend information sheet (Chapter 3) 
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Assessing the vitamin D status and bone health of older adults in residential care 

facilities in Northern Ireland 
 

 

Close relative/close friend Information Sheet 
 

 

Your relative/friend are being invited to take part in a research study carried out by 

researchers at Ulster University in conjunction with Dr David Armstrong, Consultant 

Rheumatologist, Altnagelvin Hospital, Western Health and Social Care Trust. Before you 

decide whether or not your relative/friend to take part, it is important that you understand 

what the research is for and what it will involve. Please read the following information 

and do not hesitate to ask any questions about anything that might not be clear to you.  

 

Thank you for taking the time to consider this invitation 

 

Names of investigators: 
 

Orlagh Feehan 

Post-graduate Researcher 

School of Biomedical Sciences 

feehan-o@ulster.ac.uk  

Tel: 02870123193 

 

Dr. David Armstrong 

Consultant Rheumatologist 

Altnagelvin Hospital 

david.armstrong@westerntrust.hscni.net 
 

Dr Emeir McSorley (Chief Investigator) 

Senior Lecturer  

School of Biomedical Sciences 

em.mcsorley@ulster.ac.uk 

Tel: 028 701 23181 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

Dr Pamela Magee 
Lecturer 
School of Biomedical Sciences 
pj.magee@ulster.ac.uk 
Tel: 02870124360 
 
Dr Kirsty Pourshahidi 
Researcher 
School of Biomedical Sciences 
k.pourshahidi@ulster.ac.uk  
Tel: 028 701 24030 
 

mailto:feehan-o@ulster.ac.uk
mailto:david.armstrong@westerntrust.hscni.net
mailto:pj.magee@ulster.ac.uk
mailto:k.pourshahidi@ulster.ac.uk
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What is the purpose of the study? 

Vitamin D is essential for bone and muscle health, with deficiency causing reduced 

strength of bone and muscle weakness. Muscle weakness in older adults increases the risk 

of falling, and increased fragility of bone increases the risk of fracture if a fall occurs. 

Vitamin D and calcium supplementation have been shown to reduce falls and fracture 

risk in older adults, therefore it is important to monitor vitamin D status in residential care 

facility residents and to treat those who are deficient by supplementing with vitamin D. 

 At present, we do not know how many residential care facility residents are vitamin D 

deficient in Northern Ireland (NI), as there is no available data. There is also a lack of 

information on how much vitamin D residential care facility residents receive in their 

diet. Studies conducted in other countries have shown a high degree of vitamin D 

deficiency in residential care facility residents. The aim of this study is to assess vitamin 

D concentrations in older adults within residential care facilities in NI and to investigate 

factors that may affect vitamin D concentrations within the body such as weight, sun 

exposure, mobility, medication use, calcium status and dietary intake.  

This small study and follow-up research may ultimately improve the health and well-

being of older adults within residential care facilities by enhancing their bone/muscle 

health and reducing their risk of falls and fractures. 

Why has my friend/relative been chosen? 

Your relative/friend have been chosen for this study because their residential care facility 

has responded to the recruitment material and expressed interest in participating in the 

study. The lead general practitioner (GP) in your local health care centre who is 

responsible for their facility has, in conjunction with Dr Armstrong (Clinical Lead 

Fracture Liaison Service, Altnagelvin Hospital) identified their facility as one, which may 

be interested in participating.  

Does my relative/friend have to take part? 

It is up to your relative/friend to decide whether or not to take part. If they decide to take 

part they will be given an information sheet similar to this information sheet to keep and 

be asked to sign a consent form.  If they decide to take part they are still free to withdraw 

at any time without giving a reason. 

If your relative/friend decides to withdraw from the study any samples or information that 

may have already been taken before their decision to withdraw may be used for the 

purposes of this study, unless they inform us that they do not wish for this to happen. 

What does my relative/friend do if they would like to participate in the study? 

If they do decide they would like to take part in this study, their residential care facility 

management will nominate a lead person/gate keeper who will return at least one week 

from the date of receiving this information pack to take your relative/friends name as a 

method of expressing their interest in participating the study. The lead person/gate keeper 

will forward your relative/friends name onto the research team who will organise a 

suitable date and time to meet with your relative/friend to obtain written consent for 

participation in the study. A suitable date and time will then be organised for the 

researcher to return and collect the study measurements from your relative/friend. As a 

close relative/ close friend, you are more than welcome to attend the study appointment 

if you wish. 
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In the case of participants without the capacity to provide consent, the multi-disciplinary 

team at the residential care facility will decide if your close relative/close friend is eligible 

to participate if their participation in the study will be beneficial to their care. 

Study overview 

The study will consist of 1 appointment which should last for approximately one hour. 

Once enrolled on the study, your relative/friend will be given a unique identification 

number to ensure their anonymity is protected at all times. 

What will my relative/friend have to do? 

During this study, participants will be asked to: 

• Sign a consent form 

• Complete a short health and lifestyle questionnaire 

• Provide a blood sample 

• Have height and weight measured 

• Have a measurement of bone mineral density taken on the heal of the foot 

• Complete a hand grip test 

• Complete a timed up & go test 

What do I have to do? 

Your relative/friend will be asked to complete as many study measurements as possible. 

If your relative/friend is unable to provide all study measurements detailed above, they 

will still be eligible to participate in the study. 

In the case of an Adult Lacking in Capacity (ALC), you will be asked to complete a 

Participant Health and Lifestyle Questionnaire on their behalf. You will be provided with 

a letter (appendix 3 version 2, 10.07.18), participant information sheet (appendix 6, 

version 4, 10.07.18), a copy of the Participant Health and Lifestyle Questionnaire on 

behalf of an ALC (appendix 13, version 4, 10.07.18) and asked to complete a consent 

form (appendix 10, version 4, 10.07.18). 

As stated previously, you are welcome to attend the participants appointment. If you are 

unable to attend your relative/friends appointment to complete the consent form or assist 

with the completion of the health and lifestyle questionnaire, alternatively you can 

provide a contact telephone number and a member of the research team will contact you 

to discuss the study. The completed consent form and the health and lifestyle 

questionnaire can then be posted back to the residential care facility within which your 

relative/friend resides or to the research team to the following address: 

FAO Orlagh Feehan 

Faculty of Life and Health Sciences 

Ulster University 

Cromore road 

Coleraine 

BT521SA  

Medical and care facility records will be accessed (as detailed in participant consent form, 

appendix 9, version 4, 10.07.18) by the medical personnel on this study (Dr David 
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Armstrong) in order to verify measurements such as height and weight if this 

measurement is not able to be taken at the time of the appointment. History of fracture, 

current medical conditions and medication use including dietary supplements will also be 

accessed via medical and care facility records. 

Blood sample 

A blood sample (maximum 20ml) will be taken by a trained and experienced phlebotomist 

at your relative/friends appointment. Common markers of bone health such as vitamin D, 

calcium and parathyroid hormone levels will be measured from these blood samples.   

Height and weight 

A researcher will measure height and weight by routine measures at your relative/friends 

appointment.  These measurements will be taken without footwear and with items from 

pockets (e.g. mobile phones, keys) and heavy clothing (e.g. coats, jumpers) removed. 

Achilles insight measurement 

A researcher will take a measurement of your relative/friends bone mineral density (pain-

free test) using an ultrasound scanner. The trained individual will talk you and your 

relative/friend through the procedure which involves your relative/friend simply putting 

their foot into the scanner and a measurement taken. This measure will be taken without 

footwear, socks or tights and will not cause any pain. 

Hand grip test 

The trained individual will ask your relative/friend to provide a hand grip measurement 

using a hand grip dynamometer. 

Health and lifestyle Questionnaire 

Your relative/friend will be asked to complete a short questionnaire about their general 

health and lifestyle habits that are relevant to the study outcomes (e.g. vitamin D 

supplement use, alcohol intake, sun exposure, fracture history). Assistance will be 

provided if required to help complete the health and lifestyle questionnaire and you may 

be asked to assist with the completion of the health and lifestyle questionnaire as detailed 

above. 

Timed up & go test 

The researcher will ask your relative/friend to stand up from a seated position and walk 

forward 3 metres, indicated by a marker point. The time taken to walk the distance will 

be recorded. 

Where will the study take place? 

All appointments will take place in the comfort of the residential care facility.  A 

researcher will arrange appointment times that best suits your relative/friends schedule. 

Additional consideration will be taken if you would like to attend your relative/friends 

scheduled appointment. 

Are there any risks or disadvantages of taking part in this research?  

The blood sampling may be a little painful when the needle is inserted. There is a 

possibility of minor bruising as a result of the blood draw, however, all precautions will 

be taken to minimise any discomfort. All samples will be collected by a fully trained and 

experienced phlebotomist.  
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It is also possible that during the study we may uncover some abnormal results (e.g. 

parathyroid hormones outside the normal reference range) and if this happens the 

abnormal results will be forwarded to your relative/friends GP. 

Are there any possible benefits in taking part?  

Your relative/friend will benefit from the health assessments which will be completed as 

part of the study e.g. indication of vitamin D status and fracture risk. If vitamin D 

deficiency is detected in any participants, remedial action will be taken under the clinical 

guidance of Dr David Armstrong. Action will involve the replenishment of their vitamin 

D status through vitamin D supplementation.  Additionally, the results from this study 

will provide valuable new findings to the scientific community on the vitamin D status 

and bone health of older adults in residential care facilities in NI which is currently 

unknown. 

What if something goes wrong? 

If something goes wrong during the study, please tell one of the researchers who will 

ensure that the problem is resolved as soon as possible. It is extremely unlikely that 

something will go wrong during this study. However, you should know that the 

University has procedures in place for reporting, investigating, recording and handling 

adverse events and complaints from study volunteers.  The University is insured for its 

staff and students to carry out research involving people. The University knows about this 

research project and has approved it.  Further details on the complaints procedure can be 

found in the University’s "Research Ethics and Governance" webpage: 

https://www.ulster.ac.uk/__data/assets/pdf_file/0011/75638/Complaints.pdf   

Any complaint should be made, in the first instance, to Dr Emeir McSorley (contact 

details at the start of this document).  Any complaint made will be treated seriously and 

reported to the appropriate authority. 

Confidentiality 

All information provided will be treated with the strictest confidence including which 

care facilities have participated. Your relative/friend will be assigned a unique study ID 

which will ensure all samples, files and data collected as part of this study are kept 

anonymous. Electronic data files will be kept on a password protected computer server, 

and any hard copy data files will be kept securely under lock and key. Your 

relative/friends personal details (for example, name, date of birth) will not be released to 

any other organisations or body. Only those researchers listed on the Ethical Approval 

for this study will be granted access to data relating to this study.  Study records and data 

may also be looked at by people from regulatory authorities to check that the study is 

being carried out correctly. 

Your relative/friends samples may be used in future research studies depending on the 

level of consent they provide at the initial study appointment (one of three options 

selected on the study consent form).  This will be fully explained to them by the researcher 

taking consent, and they will be given time to make their decision.  

All data collected as part of this research study will be stored appropriately for 10 years 

after the study is complete.  All records and samples will be disposed of as required by 

the Data Protection and Human Tissue Act, respectively. It should be noted that Freedom 

of Information legislation will allow access to certain non-personal or generalised data. 

https://www.ulster.ac.uk/__data/assets/pdf_file/0011/75638/Complaints.pdf
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What will happen to the results of the study? 

The results collected for this study will be written up as a report for the funders and as a 

PhD thesis. They will also be published in scientific publications and presented at 

scientific conferences. The facility and your relative/friend will not be identified in any 

reports or publications relating to this study.  

Who is organising and funding the research? 

This study is being conducted by researchers and academics from the Nutrition 

Innovation Centre for Food and Health (NICHE) at Ulster University, as part of a PhD 

studentship funded by the Department of Education (DfE), UK. 

Who has reviewed this study? 

This study has been reviewed by members of staff at the University who are 

knowledgeable in the subject area and Office for Research Ethics Committees Northern 

Ireland (ORECNI). 

Thank you again for your interest in this study and for taking the time to read 

through this information sheet 
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Appendix 7: Participant consent form (Chapter 3) 
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RESEARCH GOVERNANCE 

 

Consent Form for studies involving the use of human tissue  

 

Title of Study   

 

 

Chief Investigator 

 

 

Please confirm, by marking the boxes provided, that you agree with the following statements:   

 

1. 

 

I have been given and have read and understood the information sheet (10.07.18, version 4) for the 

above study and have asked and received answers to any questions raised. 

 

 

 

2. 

 

I understand that my participation is voluntary and that I am free to withdraw at any time without 

giving any reason and without my rights being affected in any way. 

 

I consent to the medical personnel on this study (Dr David Armstrong) to have access to my 

medical/care facility records and speaking to staff to ascertain information. 

 

 

 

4. 

 

 

 

5. 

 

I understand that the researchers will hold all information and data collected during the study 

securely and in confidence and that all efforts will be made to ensure that I cannot be identified as 

a participant in the study (except as might be required by law) and I give permission for the 

researchers to hold relevant personal data.  

 

I consent for a blood sample (no more than 20ml) to be taken by a certified phlebotomist. 

 

 

 

 

 

 

 

 

6. 

 

I consent to my blood samples being stored and used for the analyses outlined in the information 

sheet and confirm that I have been given details of how it will be stored, used and the method of 

disposal.   

 

 

 

7. 

 

I give permission for any abnormal blood results that may be uncovered during this study to be 

forwarded to my GP. 

 

 

8. 

 

I agree to take part in the above study and consent to my data being used for the purposes of this 

research study as outlined in the information sheet. 

 

Assessing the vitamin D status and bone health of older adults in 

residential care facilities within Northern Ireland 

Dr Emeir McSorley 

 

3. 
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9. 

 

The potential benefits of keeping my blood or other tissues for future research  

studies have been explained to me and (please read carefully and choose ONE): 

 

a. I consent to their indefinite storage and use in any future study,  

OR 

 

b. I consent to their indefinite storage and use in any future study that does not  

    involve the isolation of my genetic material,  

OR 

 

c.  I do not wish my blood or tissues to be used for any purpose other than 

     this study 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

     

Name of Participant (please print)   Signature  Date (dd/mm/yy) 

 

     

Name of Researcher  Signature  Date (dd/mm/yy) 

 

 

GP Name: 
 

GP Practice: 
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Appendix 8: Close relative/close friend consent form (Chapter 3) 
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 Close relative/close friend consent form       

 

Title of Study   

 

 

 

Chief Investigator 

 

 

Please confirm, by marking the boxes provided, that you agree with the following statements:   

 

1. I confirm that I have been consulted in regards to my relative/friend’s potential participation in the 

research study named above, and I have been given, read and understood the close relative/close friend 

information sheet (10.07.18, version 4) and have asked and received answers to any questions raised.  

 

2. I consent to providing information on my close relative/close friend for the purpose of completing the 

Participant Health and Lifestyle Questionnaire on behalf an Adult Lacking Capacity (ALC). 

 

 

3. I confirm that the information I provide in regards with assisting with the completion of Participant 

Health and Lifestyle Questionnaire on behalf an Adult Lacking Capacity (ALC) is to the best of my 

knowledge. 

 

 

  

 

 

  

     

Name of participant (please print) 

 

 

 

 

 Signature  Date (dd/mm/yy) 

 

     

Name of researcher (please print) 

 

 Signature  Date (dd/mm/yy) 

 

One copy for the care file; 1 copy for close relative/close friend; 1 copy for researcher 

Assessing the vitamin D status and bone health of older adults in residential 

care facilities within Northern Ireland 

Dr Emeir McSorley 

 

 

Participant ID: 

Relative/friend participant ID: 
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Appendix 9: Publications 
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Feehan, O. Slevin, M.M. Allsopp, P.J. Magee, P.J. Pourshahidi, L.K. Armstrong, D.J. 

McSorley, E.M. (2020) Polyunsaturated fatty acids and their relationship with bone 

mineral density and markers of bone turnover in post-menopausal women. Proceedings 

of the Nutrition Society, 79 (OCE2), E588, https://doi.org/10.1017/S0029665120005376  

Feehan, O. Armstrong, D.J. Slevin, M.M. Magee, P.J. Pourshahidi, L.K. Allsopp, P.J. 

McSorley, E.M. (2020) Associations of polyunsaturated fatty acids with markers of 

bone turnover in post-menopausal women. Therapeutic Advances in Musculoskeletal 

Disease, 12, https://doi.org/10.1177/1759720X20969289  

Feehan, O. Sordy, C. McCloskey, A. Magee, P.J. Pourshahidi, L.K. McSorley, E.M. 

Armstrong, D.J. (2018) Differences in clinical parameters between residential care 

facility dwellers and community dwellers admitted with hip fracture, and impact on 

length of stay in one UK unit. Osteoporosis International, 29, 601–649, 
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December 2020, P “Associations of polyunsaturated fatty acids with markers of 

bone turnover in post-menopausal women” Royal Osteoporosis 

Society, Virtual Meeting 

February 2020, OC “Bone health and vitamin D status of older adults in residential care 

facilities within Northern Ireland” Nutrition Society Irish 

Section Postgraduate Conference, Clayton Hotel, 

Leopardstown, Dublin, Ireland 

October 2019, P  “Polyunsaturated fatty acids and their relationship with bone 

mineral density and markers of bone turnover in post-menopausal 

women” Federation of European Nutrition Societies 

Conference, Convention Centre, Dublin, Ireland 

September 2019, P  “Bone health and vitamin D status of older adults in residential 

care facilities within Northern Ireland” Northern Ireland 

Osteoporosis Conference, Belfast, Northern Ireland 

April 2019, OC  “Bone health and vitamin D status of older adults in residential 

care facilities within Northern Ireland” PhD Festival of 

Research, Ulster University, Coleraine, Northern Ireland 

February 2019, OC “Bone health and vitamin D status of older adults in residential care 

facilities within Northern Ireland” Nutrition Society Irish 

Section Postgraduate Conference, Magherabuoy Hotel, 

Portrush, Northern Ireland 

December 2018, P  “Differences in clinical parameters between residential care 

facility dwellers and community dwellers admitted with hip 
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fracture, and impact on length of stay in one UK unit” Royal 

Osteoporosis Society, Birmingham, United Kingdom 

February 2018, OC “Bone health and vitamin D status of older adults in residential care 

facilities within Northern Ireland” Nutrition Society Irish 

Section Postgraduate Conference, Stormont Hotel, Belfast, 

Northern Ireland 

April 2018, OC  “Differences in clinical parameters between residential care 

facility dwellers and community dwellers admitted with hip 

fracture, and impact on length of stay in one UK unit” PhD 

Festival of Research, Ulster University, Coleraine, Northern 

Ireland 

 

 

OC, Oral Communication 

P, Poster 

 


