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ABSTRACT: This report reviews evidence on disorders related to inadequate vitamin D repletion in older 

people. Vitamin D is as essential for bone health in adults as in children, preventing osteomalacia and muscle 

weakness and protecting against falls and low-impact fractures. Vitamin D is provided by skin synthesis by 

UVB-irradiation from summer sunshine and to a small extent by absorption from food. However, these 

processes become less efficient with age. Loss of mobility or residential care restricts solar exposure. Reduced 

appetite and financial problems often add to these problems. Thus, hypovitaminosis D is common world-

wide, but is more common and more severe in older people. Non-classical effects of vitamin D, depending on 

serum circulating 25-hydroxyvitamin D concentrations, are present in most non-bony tissues; disorders 

associated with hypovitaminosis D include increased risks of sepsis [bacterial,  mycobacterial and viral], 

cardiovascular and metabolic disorders [e.g. hyperlipidemia, type 2 diabetes mellitus, acute vascular events, 

dementia, stroke and heart failure]. Many cancer risks are associated with vitamin D inadequacy, though 

causality is accepted only for colo-rectal cancer. Maintenance of repletion in healthy older people requires 

intakes of ≥800IU/day [20g], as advised by the Institute of Medicine [IOM], but achieving such intakes 

usually requires supplementation. Excessive intakes are dangerous, especially in undiagnosed primary 

hyperparathyroidism or sarcoidosis, but the IOM finds doses <4000 IU/day are safe.  Many experts suggest 

that ≥1000-2000 IU [25-50g] of vitamin D daily is necessary for older people, especially when independence 

is lost, or hypovitaminosis D could add to the clinical problem[s]. Much higher doses than these are needed 

for treatment of established deficiency or insufficiency. 
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The aims of the review is to provide an overview of the 

evidence for hypovitaminosis D being associated with 

increased risks of many types of ill health in older 

people, especially those associated with loss of bone 

strength, and of some of the mechanisms by which 

hypovitaminosis D is thought to increase these risks; it is 

based on peer reviewed publications but necessarily 

reflects the author’s interest and experience in vitamin D 

related matters, acquired during more than 50 years 

working in internal medicine, diabetes, metabolism & 

endocrinology as both clinician and clinical research 
worker. 

    

 

 

Vitamin D metabolism and changes with advancing 

age  
 
Vitamin D3 [cholecalciferol or D3] is synthesised in 

mammalian skin under the influence of peak effective 

UVB, wavelength 295-297 nm from sunlight (eUVB) 

and absorbed into the circulation [1]. High local 

concentrations of D3 suppress further D3 formation, a 

valuable feedback system preventing vitamin D 

intoxication.  Sub-erythemal doses of appropriate UVB 

on significant areas of skin can produce large amounts of 
D3, enough in those regularly exposed to summer 

sunshine over much of their bodies, to maintain normal 

repletion during the months when sunlight provides no 
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eUVB, as is seen in temperate zones for > 6 months of 

the year. However, adequate exposure to summer 

sunlight is unusual with current life styles, even in fit 

young adults, because most people live, work and 

exercise indoors, behind glass [which blocks UVB]. 

Furthermore, clothes also block UVB transmission; 

many immigrant females favour covered-up clothing and 

many people of all ages, but especially older women, use 

sunscreen regularly, and use it in make-up, often without 

knowing it. Most people world-wide avoid sunshine, to 

stay cool, to prevent sun-related skin aging, to reduce the 

risks of skin cancer and to avoid undue tanning.  Thus, 

Westernised and urban communities world-wide, even in 

tropical countries, have a high prevalence of hypo-

vitaminosis D, even in sunny climes [2, 3]. This is, 

however, no more a new problem in the old than it is at 

other ages [4,5]. In 1966 it was suggested that nutritional 

osteomalacia might ‘contribute to the skeletal rarefaction 

found in old age’, a suggestion now generally accepted 

[6]. These older findings make it especially regrettable 

that, >40 years later, hypovitaminosis D remains a public 

health problem at all ages, world-wide.This provides a 

bad start for those getting older, since ageing reduces 

outdoor activity, food intake and skin synthesis, and also 

gut absorption of vitamin D which can only worsen the 

problems relating to hypovitaminosis D in the elderly [7-

9]. In Europe, representative residents from the 

SENECA study of older Europeans aged 75-76 years old 

showed 36% of men and 47% of women were vitamin D 

deficient, most markedly in southern Europe, in a survey 

of 19 towns in 11 countries in the winter of 1988-1989 

[10]. Wearing short rather than long sleeves was 

associated with much better vitamin D status, especially 

in the sunnier southern countries, as was taking vitamin 

D supplements or using UVB lamps. Thus, baring the 

arms as well as the face usefully increases skin synthesis 

of vitamin D in sunny climates in older people.   

Furthermore, though a trial of increased skin exposure to 

sunlight in 602 female residents of 51 care facilities in 

Northern Sydney, Australia [being outdoors for 30-40 

minutes early morning] failed to improve vitamin D 

status, possibly reflecting the 74% non-compliance with 

mornings outdoors or the lack of effective UVB in early 

morning sunshine, we have earlier shown serum 

25(OH)D to be considerably increased by sub-erythemal 

doses of UVB in people in residential care [11,12]. Diet 

is a poor source of vitamin D, only wild oily fish, egg 

yolk, cod-liver oil and fortified foods [e.g. some 

breakfast cereals and margarine in the UK and some 

orange juices and milk in the USA]. Food fortification 

can improve vitamin D repletion at the population level, 
as recently achieved in much of the Finnish population, 

but may be less effective in elders as food intakes and 

vitamin D absorption fall. In counties like the UK, where 

there is no recommended daily intake for vitamin D for 

people aged 19-64 years old, the population remains 

unduly dependent on sun exposure, often impossible for 

elders to achieve, or on buying supplements.  

     Absorbed vitamin D2/3 is converted in the liver to 

25(OH) vitamin D, the storage form of the vitamin that 

circulates bound to vitamin D binding proteins [DBPs], 

also made in the liver. This complex has a half life of 2-3 

weeks and concentrations reflect availability of vitamin 

D over about 4-6 weeks in stable situations, which is 

why serum 25(OH)D concentration is generally accepted 

as suitable for  assessment of vitamin D stores (repletion 

or availability) [13]. Treatment with 25(OH)D has been 

suggested , the half time of clearance of this metabolite 

is ~13.4 days, suggesting this metabolite may only bind 

partially to DBPs when given orally. Thus, oral D2, or 

D3, are likely to be better sources of circulating 

25(OH)D than taking 25(OH)D, though data for 

25(OH)D3 was not given [14]. Genetic variants of DBP 

influence serum concentrations of 25(OH)D, and thus 

the availability of 25(OH)D to the many tissues where 

activation takes place; a finding  explaining the 

associations of serum 25(OH)D with so many health 

outcomes. Variants of the genes activating 25(OH)D and 

destroying 1,25(OH)2D also affect serum 25(OH)D 

concentrations but the overall effects of these 3 gene 

variants is small [15]. Well recognized causes of vitamin 

D deficiency should be treated routinely with vitamin D, 

e.g. fat malabsorption, and supplementation is needed for 

those taking drugs interfering with vitamin D 

metabolism, e.g. some anti-epileptic drugs [16].  

 

How vitamin D works 
 

The effects of vitamin D are largely produced by the 

activated hormonal metabolite produced by a second 

stage hydroxylation from 25(OH)D by a specific 1-alpha 

hydroxylase, making calcitriol [1,25-dihydroxyvitamin 

D], a process first identified in the kidneys and tightly 

regulated by parathyroid hormone [PTH],  calcium and 

bone fibroblast growth factor-23 [FGF-23]. Serum PTH 

increases in response to hypovitaminosis D, but not 

consistently, making serum PTH measurements 

unhelpful for assessing vitamin D status. Circulating 

calcitriol [1,25(OH)2D] concentrations are tightly 

regulated in health and are maintained, or may rise 

somewhat, in vitamin D deficiency - only with extreme 

deficiency does serum calcitriol fall  so that they too are 

most unhelpful for assessment of vitamin D status which 

depends on serum 25(OH)D concentration. Vitamin D 
activation was first thought to be limited to the kidney 

but also takes place locally in vitamin D target tissues. 
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Tissues able to activate vitamin D locally, as well as 

respond to it, include pancreatic islets, gut, arterial walls, 

myocardium, skin and placenta [17]. This ‘local’ tissue 

calcitriol production has autocrine and paracrine effects 

and only in the case of calcitriol produced in the placenta 

and pathological accumulations of macrophages [e.g. in 

sarcoidosis], does locally produced calcitriol spill into 

the circulation [17]. Local activation of vitamin D is not, 

however, dependent on PTH but probably on availability 

of 25(OH)D in the circulation and activity of the 

catabolic 24(OH)ase enzyme, locally, explaining why 

the associations of health outcomes with serum 25(OH)D 

or other measures of available vitamin D (eUVB 

exposure or vitamin D intakes) are so common. 

Calcitriol, and some of the 25(OH)D, are inactivated 

locally by catabolism to 24-(OH) metabolites by a 

specific 24-hydroxylase (CYP24); splice variants of this 

enzyme, associated with over or under activity, likely 

contribute to modulation of local calcitriol production 

[18].  Biological effects of vitamin D are induced 

through two main pathways. Firstly, calcitriol binds to 

nuclear vitamin D receptors [VDR], often complexed 

with retinol X receptors to form heterodimers, inducing 

genomic signaling through target genes after binding to 

their promoter regions. Over 3000 genes contain vitamin 

D response elements in their promoter regions. Only 

~158 human genes were reported to alter their 

expression in response to calcitriol in 2005, mostly 

showing increased expression [19]. Rapid non-genomic 

responses to calcitriol follow ligand-binding to non-

nuclear VDRs, as in cytoplasmic membrane caveolar 

pits, enhancing gut calcium absorption, calcium 

enhancement of insulin release from islet beta cells, 

opening of calcium channels in osteoblasts and increased 

endothelial cell migration [20]. In addition, excess 

vitamin A, though necessary for many metabolic 

processes induced by vitamin D, antagonizes vitamin D. 

Rickets is induced in vitamin D-replete animals by large 

doses of retinol, probably due to RXR complexation with 

the excess of ligand-bound retinoic acid receptor [RAR], 

produced in vitamin A excess. Literature review suggests 

that prevention of death from toxic doses of vitamin D 

and induction of rickets in normally vitamin D replete 

animals by large amounts of vitamin A are likely 

explained by such mechanisms, suggesting important 

interactions between these vitamins [21]. Thus, vitamin 

A status is a likely confounder in studies on vitamin D 

and should be assessed in all future trials of 

supplementation. 

     Leukocyte telomere length (the length of the 

protective DNA ‘tips’ of chromosomes) falls with age; 
unduly short telomeres for one’s age predict reduced 

lifespan due to increased risks from ageing-related 

illness.  Better vitamin D status is associated with longer 

telomeres even after adjustment for age, menopausal 

status, obesity, the use of hormone replacement therapy 

and physical activity; reduction in telomere length in the 

lowest vs. the highest tertile of serum 25(OH)D after 

adjustment was 107 base pairs [p=0.0009], the 

equivalent of 5 years of telomeric ageing, a difference 

enhanced by adjustment for the presence of 

inflammation using C-reactive protein (CRP) 

concentrations [22].  Genomic instability contributes to 

ageing-related diseases and telomere dysfunction and 

defective repair of DNA breaks aggravate the problems. 

The enzyme telomerase re-forms telomere tips and in 

peripheral blood mononuclear cells (PBMC) its activity 

increases with vitamin D supplementation in overweight 

African Americans, suggesting how vitamin D might 

protect against changes of ageing [23]. In addition, 

experimental evidence suggests that vitamin D protects 

against DNA damage by reducing oxidative nuclear 

damage and reducing loss with age [24]. Vitamin D also 

promotes DNA stability by inhibiting undue expression 

of the cysteine protease, cathepsin, which regulates 

stability of an essential factor in DNA repair, 53BP1 

[25]. There is, however, little known as yet on how 

vitamin D may contribute to human DNA stability, or 

what vitamin D status may be optimal for such effects.  

The Klotho [KL] gene product, a β-glucoronidase-like 

type-1 membrane protein, appears to protect mice 

against ageing since KL knock out (KO) mice age 

rapidly, and KL-loss accelerates degenerative processes 

with changes suggestive of excessive effects of vitamin 

D, are ameliorated by restriction of vitamin D intake and 

by genetic knock-out of vitamin D receptors. KL gene 

activity modulates calcium ion channels and potassium 

and phosphate transporters in mice and influences 

fibroblast growth factor-23 (FGF-23) action, important 

in regulating PTH production and, thereby, the renal 

activation of vitamin D. These data have led to fears that 

better vitamin D repletion may have adverse effects on 

human health, especially since prostate cancer risks are 

optimally reduced at moderate serum 25(OH)D 

concentrations of 20-40 nmol/l and calcitriol induces 

ageing in FGF-23 and in KL-KO mice [26-29]. 

However, human mesenchymal stem cells exposed to 

calcitriol show evidence of delayed senescence and 

reduced apoptosis and it may be that the changes seen in 

mice were due to adverse effects of species-specific 

increases in systemic phosphate concentrations [30].  If 

these findings are supported by further work in human 

tissues, it would make it unlikely that the upper limits of 

vitamin D status seen in humans with high sunshine 
exposure world-wide increase ageing processes; it would 

also imply that such values could safely be used as 
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targets for normalization of vitamin D status and that 

avoidance of hypovitaminosis D could be included in the 

range of measures for use in reducing ageing in the skin 

and other tissues, as has already been suggested [31].   

 

The ‘classical’ role of vitamin D in musculoskeletal 

health in the elderly  
 

Vitamin D is well known to be essential for older people 

[32]. Osteomalacia in adults, like childhood rickets, 

develops in vitamin D deficiency, commonly presenting 

with severe aching in bone and muscles, marked 

proximal muscle weakness making standing up and 

walking difficult and painful and a marked ‘waddling’ 

gait. This condition is common in older people, 

especially women and especially Asian women whose 

life style puts them at high-risk for hypovitaminosis D, 

even in sunny countries. Routine blood tests are often 

unhelpful and X rays were used for diagnosis for 

decades. Pseudofractures develop [Looser’s zones], are 

visible early in isotope bone scans, sometimes 

incidentally and often before being detectable on X-rays. 

These zones become painful and may even fracture. 

Biochemical tests used for diagnosis before serum 

25(OH)D assays became routine, sometimes showing 

normal serum calcium, reduced  serum phosphate 

[secondary to the increased serum PTH] and often a 

raised serum alkaline phosphatase. Treatment with 

vitamin D, (D2 or D3) is curative. As bone heals, serum 

alkaline phosphatase rises, often for 2-3 months, before 

returning to normal. Early work trialling vitamin D 

supplementation for muscle weakness in deficiency 

found no improvement [33]. However, with larger doses, 

muscle weakness and balance are improved by vitamin 

D treatment [though not gait], though mainly in deficient 

subjects [34,35]. Supporting this view, amongst 368 

community-dwelling adults aged 70-89 years old, 

improved physical performance was found when natural 

increases in 25(OH)D took subjects out of baseline-

deficiency  after a year’s lifestyle intervention without 

supplementation, after adjustment for relevant factors 

including physical activity [36]. However, in long-

standing weakness, with muscle wasting, muscle 

regeneration can take months.    

     Poor vitamin D repletion is associated with increased 

risk, and severity, of osteoporosis and supplementation 

[800 IU daily or more in older people] reduces rates of 

bone loss over time [37]. Osteoporotic fragility fracture 

rates in the UK average ~ 200,000/year with a 20% one-

year mortality, recent costs to the NHS being ~£1.7 

billion/year,  50% of sufferers losing their independence 
and  27% needing admission to residential care as a 

result of their fracture and the surgery for these fractures, 

mainly hip fractures, fills ~20% of UK orthopedic beds 

[38].  Supplementation, often given with calcium for 

osteoporosis, but which reduces compliance, can 

improve bone mineral density and reduce fall and 

fracture risks, benefits appearing on doses of 700-1000 

IU/day [39-41b].  Giving 6500 IU daily did no better 

than 800 IU daily, the current Institute of Medicine of 

North America (IOM) recommendation for healthy over 

70 year olds] in a recent one year randomized controlled 

trial (RCT) in 50-80 year old women [42]. Some RCTs 

showed no changes in fracture risk with supplementation 

with vitamin D, calcium or both, e.g. the RECORD trial 

in 5292 people over 70 years old in the UK [43]. 

However, many RCTs have shown fracture risk 

reductions, possibly because of better compliance, higher 

doses, starting in younger people or longer duration. An 

early RCT using 100,000 IU of cholecalciferol orally, 4 

monthly, for 5 years in community dwellers aged 65-85 

years in rural England reduced ‘first incident fracture’ 

rates [OR = 0.78 (95% CI 0.61-0.99)] and for first 

fractures of hip, wrist, forearm or vertebrae [OR = 0.67 

(95%CI 0.48-0.93)] [39].  Recent meta-analyses suggest 

benefits from supplementation to those who were, or 

were likely to be, vitamin D deficient and that fracture 

risk reduction with supplementation is less in community 

free-living older adults than in those in residential care 

[44]. These data support the need for ageing populations 

as a whole to avoid hypovitaminosis D to protect their 

independence with intakes at least as high as current 

IOM recommendations [800IU/day], to reduce the 

burden of osteoporotic fragility fractures on individuals 

and on health-care funding. If vitamin D repletion were 

ensured throughout the lifespan it seems likely that 

ageing hypovitaminosis D related problems would be 

less common, reducing costs to individuals and heath 

providers alike, since childhood, especially adolescent, 

bone mineral density (BMD) is well known to predict 

later life BMD. Even In pregnancy, better maternal 

repletion leads to better BMD in children aged 9 years 

old [45].   

 

Non-classic roles of vitamin D in health 

 

Immune system and infection 

 

Vitamin D has protective effects against bacterial and 

viral infection risks, including tuberculosis; 

supplementation can reduce some infection rates and the 

severity or mortality of some infections. Innate immune 

defence is enhanced by vitamin D which boosts early 

inflammatory processes including Toll-like receptor 2 
formation, increasing production of bactericidal 

cathelicidin [46, 47], enhances capillary increases in 
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permeability in response to both PAMPS and DAMPS 

(pathogen associated and tissue damage associated 

‘molecular patterns’), allowing defence factors, (e.g. 

white cells and bactericides) into affected tissues. White 

cells produce vitamin D receptors (VDRs) and the 

vitamin D-activating hydroxylase and thus vitamin D 

stimulates white cell cathelicidin production [46, 48],  

enhancing bactericidal killing of pathogens and 

clearance of tissue breakdown products [49].  Calcitriol 

stimulates monocyte maturation into macrophages, 

enhancing defence against chronic infections [e.g. 

tuberculosis]. Macrophages also invade active 

atheromatous plaque, containing matrix 

metalloproteinase enzymes [MMPs, especially MMP9], 

digesting interstitial tissue. This causes tuberculous 

caseation and atheromatous plaque breakdown, 

triggering thrombus formation and resultant arterial 

occlusion. Longer-term, paradoxically, vitamin D 

reduces inflammation, allowing healing and reducing 

inappropriate prolongation of inflammation and the risks 

of acquired immune tissue damage but enhancing anti-

inflammatory cytokine secretion [e.g. IL-10] and 

suppression of inflammatory cytokine secretion(e.g. of 

IL-6 , tumour necrosis factor) [46, 49]. Such effects 

contribute to reducing risks and severity of acute 

inflammatory conditions. The incidence of confirmed 

influenza A fell with supplementation [at 1200IU/day] in 

children, though a further superiority trial showed 3 

monthly boluses were ineffective in infants [50, 51]. 

This data led to the suggestion that vitamin D 

supplementation should be mandatory in influenza A 

(HINI) outbreaks [52]. In 6789 British Birth Cohort 

subjects across the UK, better vitamin D status at 45 

years old was associated with better lung function cross-

sectionally after adjustment for co-variates; each 10 

nmol/l increase in baseline 25(OH)D independently 

predicted 7% [95% CI 3,11%] reductions in subsequent 

respiratory infections [53]. Similarly, better long-term 

vitamin D status [serum 25(OH)D > 38 ng/ml [~90 

nmol/l] vs. <38 nmol/l] was associated with two-fold 

reductions in acute respiratory viral infections in winter, 

and reductions in viral illness duration in 198 healthy 

adults [54]. These data suggest that better repletion is 

beneficial; however, supplementation to reduce 

influenza-like illness among 569 adults in an RCT of 

~1000-<7000 IU vitamin D daily vs. placebo was 

ineffective, though disease duration may have shortened 

[55]. Adequate RCTs are needed to determine whether 

supplementation can reduce incidence, or severity, of 

respiratory tract infections in older people.  

     Better vitamin D repletion may contribute to reducing 
chronic inflammatory problems such as periodontitis 

[56-58] and atheromatous disease, and may reduce acute 

vascular events due to arterial plaque disruption, 

inflammation being a major factor in atheromatous 

disease progression [59].    Tuberculosis infections were 

treated with sunshine and/or vitamin D before anti-

tuberculous drugs emerged. Sputum conversion rates fall 

with supplementation, but only in specific VDR 

genotypes [60].  Vitamin D status relates inversely to 

circulating MMP9, a marker of atheromatous damage, 

which falls after supplementation [61]. MMP9 formation 

in tuberculous lesions is suppressed by vitamin D [62]. 

Further RCT data on whether supplementation improves 

responses to anti-tuberculous treatment is needed. 

Though mechanisms exist for vitamin D to reduce 

common autoimmune disease risks in older  people, 

[hypothyroidism, insulin-dependence in T2DM], there is 

no actual evidence to this effect  in humans. Better 

vitamin D status enhances response to vaccination and 

immunization, possibly improving protection of older 

people from influenzal illness after flu immunization 

[63]. Wound healing, often slow in older people, can be 

enhanced experimentally by vitamin D [64, 65]. 

Hypovitaminosis D was associated with increased 

pressure sore risks in community dwellers in their 70s to 

90s but not as an independent determinant since 

hypovitaminosis D was determined by existing co-

morbidities [66]. Clearly, adequate RCTs of 

supplementation are required to see whether causality 

can be demonstrated. Low baseline vitamin D status 

predicted reduced healing in the year after surgery for 

periodontitis, a common problem in older people, and 

giving vitamin D to subjects with severe periodontal 

problems improved post-operative bone defect 

resolution, supporting suggestions that hypovitaminosis 

D may worsen periodontitis [67, 68]. Organ rejection 

risks after transplantation are reduced by vitamin D 

supplementation [69]. If causality can be demonstrated 

for any or all of these suggestions by adequate RCTS of 

vitamin D supplementation, then provision of adequate 

vitamin D could be used in management of these 

situations.  

     Treating rickets with vitamin D caused respiratory 

infection rates to fall, but bolus supplementation does not 

necessarily improve respiratory infection rates or 

outcomes in children. In older people findings have also 

been mixed. Community-acquired pneumonia mortality 

increased in severe vitamin D deficiency (25(OH)D < 30 

nmol/l) vs. those without deficiency, OR = 12.7 [95%CI; 

2.2-73.3, p = 0.004] in New Zealand, though baseline 

status was not related to circulating cathelicidin [70]. 

The RECORD RCT of vitamin D and/or calcium for 

secondary prevention of osteoporotic fractures in the UK 
analyzed 3444 community-dwelling older subjects 

responses to questionnaires ~18 (11-25) months post-
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randomization; 45% of subjects reported discontinuation 

of trial medication and the remaining subjects showed 

doubtful reductions in reported infection rates and 

antibiotic use during the RCT amongst those vitamin D 

vs. placebo [71]; greater reductions were found on 

analysis for data on subjects continuing their medication] 

OR [95%CI] =0.80[0.64-1.01]and 0.74[0.52-1.06] 

respectively.  Adverse effects were equally rare in 

treatment and control groups but these findings may 

have been compromised by dependency on recall rather 

than diary keeping.  

 

 

 

Metabolic syndrome 

 
The physical variables associated with increased risks of 

type 2 diabetes (T2DM) and atheromatous cardio-

vascular disease [obesity, usually defined by waist size, 

adjusted for gender and ethnicity, hypertension, 

hyperglycemia and dyslipidemia (raised triacylglyceride 

(TAG), raised total or LDL-cholesterol and low HDL-

cholesterol [see Table 1]].  Three or more such 

abnormalities in an individual are taken to define risks 

sufficient to warrant preventative measures. Grouped 

together, this situation is called Reaven’s Syndrome, 

Metabolic Syndrome or Syndrome ‘X’ (see Table 1). 

 

 

Table 1. Range of criteria used for diagnosis of ‘Metabolic Syndrome’ in North American and European 

adults [72] 

 

Criterion European men European women South  and East Asian Men 

Waist size  ≥  94-103 ≥ 80-88 ≥ 90 cm in men 

≥ 80 cm in women 

Triglycerides 

(Triacylglycerol) 

≥ 1.7 mmol/l ≥ 1.7 mmol/l ≥ 1.7 mmol/l 

HDLCholesterol ≤ 40 mg/dl ≤ 50 mg/dl as for Europeans 

Blood Pressure ≥ 130/85-140/90 

(or on medication for 

hypertension) 

≥ 130/85-140/90 

(or on medication for 

hypertension) 

≥ 130/85-140/90 

(or on medication for hypertension) 

Fasting Glucose ≥ 5.1, 5.6 or 6.1 mmol/l ≥ 5.1, 5.6 or 6.1 mmol/l ≥ 5.1, 5.6 or 6.1 mmol/l 

Non-alcoholic fatty liver disease is another 

important component of ‘metabolic syndrome’ as is 

increased insulin resistance. Common environmental and 

life style risk factors [lack of physical activity, stress, 

cigarette smoking, excess alcohol usage and 

inappropriate diet] are well- known but not used for 

defining ‘ metabolic syndrome’,  even though regular 

exercise and weight loss reduces T2DM risk by 58%, 

and reductions in insulin resistance or improvements in 

beta cell function (whether induced by life-style changes, 

metformin, renin-angiotensin system (RAS) blockade or 

other medication), produces similar benefits [73, 74].  

  Review of earlier literature shows hypovitaminosis 

D is associated dose-dependently, with increased 

abnormality of each of the variables used to define 

metabolic syndrome [75]. Many more recent cross-

sectional studies show dose-effects of lower vitamin D 
status for metabolic syndrome prevalence and for risks 

of T2DM and overt CVD. Such risks are also reported 

prospectively [72, 76].  Furthermore, correcting vitamin 

D deficiency reduces insulin resistance and improves 

insulin secretion experimentally and can have similar 

benefits in humans, though available evidence suggests 

this only happens with early metabolic syndrome 

abnormalities [72, 77, 78].   

     Many problems affect associative, prospective, and 

randomized controlled trial findings for vitamin D. 

Obesity is associated with reductions in serum 25(OH)D 

concentration, probably due to increased sequestration of 

vitamin D, even at concentrations normal in fat, by the 

increased fat mass; thus this association may be due to 

reverse confounding (the increased fat mass lowering 

serum 25(OH)D so that associations of 25(OH)D with 

abnormalities are due to obesity rather than by 

hypovitaminosis D). This problem is aggravated by the 

fact that many obese people sunbathe less than slim 
people. However, many studies show independent 

associations of vitamin D status with metabolic 
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syndrome, T2DM and CVD outcomes cross-sectionally 

and this has also been found prospectively after 

adjustment for obesity and all other baseline findings 

[e.g. 72, 76], though 2 of the 40 or so cross-sectional 

studies reviewed recently either show these associations 

in men but not women or not in older or very obese 

people [79].  Abnormalities in lipid profiles are 

commonly associated with reduced vitamin D status 

findings, in particular for TAGs which can be reduced by 

supplementation, but ApoA1 and HDL-C are directly, 

and independently, associated with vitamin D status in 

several studies [80, 81], as is blood pressure, though this 

has been reduced by supplementation only in younger 

people. Vitamin D blocks renal renin secretion which 

reduces blood pressure, unless secondary renal damage 

is irreversible which is increasingly likely in older 

people [46, 82]. Pancreatic islet renin-angiotensin-

system [RAS] activity increases in hyperglycaemia but 

can be blocked and prevented by vitamin D in islets [83]. 

Interestingly, RAS blockade reverses the increases in 

islet RAS activity seen with hypovitaminosis D. These 

effects may account for the reductions in T2DM risk 

seen in people treated with RAS blockade in RCTs [72, 

84]. However, whether adequate vitamin D provision 

may reduce risks of T2DM or CVD, especially in older 

people, requires testing in adequate RCTs of vitamin D 

supplementation. In addition, the possibility that 

supplementation given together with RAS blockade 

could have additive protective effects for T2DM and 

CVD, as consequences of the metabolic syndrome, 

remains to be tested in adequately powered RCTs 

vitamin D for both younger and older people (using IOM 

recommended intakes [600 IU/day and 800 IU/day for 

those < and > 70 years old respectively)). RCTs also 

need to be done at the higher doses recommended by 

most vitamin D experts [between 1000 and 4000 IU and 

2000-4000 IU/day for people under or over 70 years old, 

respectively, 4000 IU being the  maximum dose 

categorically regarded as safe in adults by the IOM [40].   

 

Type 2 diabetes mellitus 
 

Though there are strong associations of reductions in 

vitamin D status, however assessed, with increased risks 

of type 2 diabetes in many reported cross-sectional 

studies and in the few prospective studies that have been 

reported, very few randomised controlled trials have 

been carried out to see whether correction of 

insufficiency can prevent T2DM diabetes. There is a 

wealth of evidence showing that vitamin D is necessary 

for insulin secretion and can reduce abnormal increases 
in insulin resistance in humans as well as experimentally 

[21, 72, 78]. Improving vitamin D status before 

irreversible defects develop in islet cells, insulin 

resistance and related defects also appears to be 

important. For example, in deficient humans, 

supplementation improved reduced insulin responses to 

oral glucose more in those with higher baseline 

responses than in those with markedly reduced initial 

baseline responses to oral glucose [77]. In line with this, 

though low 25(OH)D predicted progression to T2DM in 

those with prediabetes, this was not the case in those 

with normal baseline glucose tolerance in a group of 

2378 people aged 35-56 years old [85]. Similarly, 

supplementation with vitamin D and calcium appears, on 

meta-analysis, to lead to better glucose tolerance in those 

with impaired, but not normal, glucose tolerance at 

baseline [86, 87]. A study from a nationally 

representative population survey  (the Health Survey for 

England 2005) in 2038 community dwelling people aged 

>65 years old showed independent and reducing dose 

effects, cross-sectionally, for the risk of hyperglycaemia 

with increasing 25(OH)D concentrations up to 50-79 

nmol/l; OR for hyperglycemia = 2.3 [95%CI, 1.2-4.4], 

for 25(OH)D < 25 nmol/l; 2.09 [1.22-3.58] for 25(OH)D 

between 25 and 49.9 nmol/l but for increases of 50-74.9 

nmol/l the increase OR was not significant  at 1.49 

[95%CI, 0.85-2.62] [88].    

 

Cardiovascular system disorders  

 

              Ageing is associated with reduced peripheral arterial 

endothelium-dependent dilatation, probably due to 

increases in oxidative stress and reductions in locally 

synthesized nitric oxide. Whilst vascular endothelial 

function is adversely affected by lack of exercise, 

obesity, the menopause and other factors, it is also 

reduced in hypovitaminosis D [89], and is improved by 

supplementation [90, 91]. Compliance [elasticity] of 

blood vessel walls falls with age and is associated with 

increases in blood pressure, as also seen with age. 

Reducing blood pressure reduces risks of an acute 

vascular event such as stroke or coronary occlusion. 

Therapeutic options for hypertension include renin-

angiotensin blockers since hypertension can be 

associated with increased renin production, especially in 

people of Afro-Caribbean descent. Vitamin D status is 

commonly related inversely to blood pressure and 

supplementation has reduced blood pressure in humans, 

but only it appears, in those few RCTs those with 

reasonably normal baseline blood pressure. This effect 

may be due to suppression of the renin gene, and hence 

of production, by vitamin D as discussed above.  

However, giving vitamin D can improve peripheral 
vascular function and improves vasodilator responses 

and endothelial function in vivo in humans in RCTs 
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(though results are variable, probably due to variation in 

RCT design) [92]; these effects may also contribute to 

the beneficial effects of supplementation in deficiency, at 

least in those with early hypertension (probably before 

established hypertension has led to irreversible renal 

damage). It may contribute to the more long term 

beneficial effects reported for supplementation in adults 

on all-cause and, also, specifically, on cardiovascular 

mortality in adults. Considerable amounts of data 

showing inverse associations of vitamin D status (serum 

25(OH)D concentration) with mortality have 

accumulated over recent years. A recent meta-analysis of 

mortality risks in the general population from 14 

prospective cohort studies (with 5562 deaths amongst  

62,548 adults [93]) found dose effects for increases in 

baseline serum 25(OH)D; overall RR for highest vs. 

lowest category of 25(OH)D was 0.71[95% CI: 0.5, 

0.91]. However, there were dose-effects – for increases 

in serum 25(OH)D above the basal category of 27.5 

nmol/l  of 12.5, 25 and 50 nmol/l the RRs were 0.86, 

0.77 and 0.69 [95% CI: 0.82, 0.91; 0.7, 0.84 and 0.6, 

0.78] respectively. For baseline values of >87.5 nmol/l 

above the reference category there was no decrease in 

mortality (perhaps because there was no benefit with 

such higher status, or there were too few subjects in this 

category for reliable analysis, or, because higher status 

has an adverse effect). Thus, this analysis suggests 

optimal serum 25(OH)D concentrations for adult 

survival are between 75-87.5 nmol/l [93]. Heart failure 

outcomes are also reported to be improved in those with 

higher baseline status but also by supplementation, in a 

study of 3009 adults over ~1 ½ years (Hazard Ratio for 

mortality on supplementation = 0.68 [95% CI 0.54-0.85, 

P < 0.0001) [94].  Furthermore, Cochrane review of data 

for supplementation with vitamin D3 (but not with 

calcitriol or its analogues) found that supplementation 

decreased overall mortality, [RR 0.94, 95% CI 0.91-

0.98] in adults as a whole but that this benefit was most 

present mainly in older women, but especially for those 

in residential care [95]. Similarly, deficiency was 

common in a recent report on 10,899 patients in the 

USA, 70.3 % having inadequate vitamin D status 

[defined by serum 25(OH)D < 30 ng/ml] and follow-up 

over more than 5 years showed associations of poor 

vitamin D status with hypertension, coronary artery 

disease, cardiomyopathy and diabetes risks  [p<0.05]. 

Deficiency was also an independent predictor of 

mortality [all-cause], OR 2.64[95%CI; 1.9-3.66, 

p<0.0001], and in addition, supplementation reduced 

mortality [OR for death 0.39; 95%CI:  0.277-0.534, 

p<0.0001 [96]. An 8% reduction in mortality for each 
20nmol/l increase in baseline serum 25(OH)D  [RR 0.92, 

95% CI: 0.89-0.95]was reported in a review and meta-

analysis of data from 12 studies on 32,142 mainly 

elderly subjects of whom 6921 died during follow up 

[97], reductions close to those reported with 

supplementation. Supplementation has also been 

reported to improve outcomes in heart failure but unduly 

high circulating serum 25(OH)D (but not deficiency) is 

associated with increased risk of atrial fibrillation [98]. 

Much of the population is taking a statin for secondary 

risk reduction after having a cardiovascular event and, 

increasingly, these drugs are being given for primary 

prevention. Current concerns are a possible increase in 

risk of T2DM, but the benefits appear to outweigh these 

risks [99]; indeed there are proposals in the UK for a 

statin to be given to everyone over 50 years old. 

Myalgia, with muscle aches, fatigue and post-exertional 

muscle pain, often with myopathic weakness, are such 

common symptoms in people taking statins that they are 

classified as ‘class-effects’. Treatment of these 

symptoms has proved difficult and many people cannot 

continue taking statins. Supplemental co-enzyme Q10 

eases these symptoms in some people but is not available 

on prescription on the UK NHS and is very expensive. 

More recently, correcting vitamin D deficiency has been 

found to be remarkably effective in relieving these 

symptoms, allowing statin use to continue, in 92% of 

sufferers, possibly because the myopathy of 

hypovitaminosis D, which has very similar symptoms, is 

worsened by statins.  However, while statins have been 

suggested to mimic vitamin D effects, recent work 

suggests that hypovitaminosis D may, by reducing the 

activity of certain cytochrome P450 (CYP) enzymes, 

increase the toxicity of certain statins whilst also 

reducing their efficacy as treatment for hyperlipidemia 

(since vitamin D is known to induce certain CYP 

enzymes important for metabolizing statins to their 

active metabolites). Vitamin D metabolites also have 

some statin-like HMG-CoA reductase activity of their 

own - thus, ensuring vitamin D repletion may not both 

relieve myalgic side effects of statins and increase their 

activity in treatment of hyperlipidemias, but may also 

lead to reductions in the doses of statins needed for 

adequate control of lipid abnormalities [99-101].     

 

Central and peripheral nervous system  
 

Dementia is increasingly common with ageing and most 

commonly results, in older people, from atherosclerotic 

small vessel disease (multi-infarct dementia). Thus, any 

vascular benefits of improvement of vitamin D status in 

the elderly may be expected to reduce, or delay, this risk. 

A group of tests for cognitive function were found to be 
related inversely to vitamin D status in 377 black and 

703 mainly Caucasian non-black elders requiring support 
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to live at home, after adjustment for relevant factors 

(including lipids, homocysteine, B vitamin status and 

multivitamin use, as well as age, sex, ethnicity, BMI, 

education, center, renal function, season, physical 

activity and alcohol usage) [102]. Associations of 

vitamin D status with risks of Alzheimer’s disease or 

with degrees of impairment in this condition suggest that 

the role of vitamin D should be examined in this 

condition. One trial of vitamin D for loss of cognition 

whilst the disease was mild to moderate used intakes of 

1000 IU/day for 8 weeks before randomisation to higher 

vs. 1000 IU/day for another 8 weeks, followed by 

intranasal insulin challenge (known to improve cognition 

temporarily in this disorder) but showed no benefit from 

the higher dosage, despite significant increases in serum 

25(OH)D [103].   

 

Respiratory system  
 

Better vitamin D status has been associated with better 

lung function, independent of other factors including 

allergic status  and in chronic pulmonary disease (CPD) 

though not in all cohorts [104-106]. However, there 

could be an element of reverse causation in these 

associations since reduced exercise capacity may well 

reduce outdoor activity. Poor status was also associated 

with increased risks of CPD, i.e., chronic bronchitis, in a 

recent study of 6872 adults and persisted after 

adjustment for age, itself a major predictor for increased 

prevalence of CPD in this cohort [107]. However, poor 

vitamin D status was not a predictor of rates of 

deterioration in smokers with mild to moderate CPD 

[108]. Thus, whether supplementation can improve 

functional capacity in chronic pulmonary disease (CPD) 

is unknown, and this question awaits further data from 

adequate trials of supplementation. Lung surfactant is 

important for reducing alveolar surface tension and its 

production is well known to be enhanced by 

corticosteroids and is enhanced by vitamin D; this may 

help explain the benefits of improving vitamin D status 

in acute lung infections in general and in chronic renal 

failure [109, 110]. The increased secretion of the 

bactericide cathelecidin induced by vitamin D would 

also be helpful [46].   The available evidence has also led 

to suggestions that preparedness for influenzal 

pandemics would be improved if all health workers were 

vitamin D replete when immunised so as to optimise 

immune responses to flu vaccines [63], a proposition 

that, if proven, would warrant extension to susceptible 

populations. The role of vitamin D in defence against 

infections [innate immunity] is discussed further under 
infections above.  

Chronic Renal disease  

Renal replacement therapy [haemo- or peritoneal 

dialysis] prolongs life in renal failure. Renal function 

falls with age and renal failure in older people is 

increasingly managed actively. Since renal activation of 

vitamin D is lost with extensive renal damage, renal 

osteodystrophy is a common and potentially severe bone 

disease for which activated vitamin D or its analogues 

are usually given as prophylaxis, together with measures 

for controlling serum calcium and phosphate 

concentrations. Respiratory infection risk is high in renal 

failure but reduced in those on calcitriol [109]. New 

onset diabetes, hypertension and early cardiovascular 

death in patients on dialysis are major problems but 

replacement of vitamin D activity can reduce the risk of, 

or even correct, glucose intolerance, reduce blood 

pressure and greatly reduce CVD mortality [110, 111].  

However, this risk can increase if unduly high 

replacement doses are used, narrowing the 

therapeutically acceptable range of dosage of activated 

vitamin D. Increases in albuminuria are associated with 

increased risks of renal failure and also of CVD and 

cardiovascular deaths but albuminuria is reduced by 

supplementation with vitamin D, probably due to 

beneficial effects on function of small blood vessel walls 

[92]. CVD mortality is also reduced by improving 

vitamin D status (higher serum 25(OH)D) with 

supplemental vitamin D3, probably because this allows 

local tissue activation to proceed normally.  If this 

observation is confirmed it may prove possible to protect 

against CVD in renal failure or on chronic dialysis by 

using vitamin D3 together with lower doses of calcitriol 

so as to reduce the risks of both hypercalcaemia, and of 

non-optimal calcitriol dosage, since local activation 

appears to be self regulating [112, 113].  

 

Nervous system, central and peripheral, cognition and 

dementia, MS, eyes 

 

Vitamin D is postulated to protect eyes from some 

common changes of ageing, including inflammation. In 

ageing mice, 6 weeks supplementation reduced retinal 

inflammation and amyloid-beta accumulation and 

showed significant improvements in visual function 

whilst, in a cohort of 481sibling pairs discordant for 

early AMD and in prospective nested case-control 

studies of those with age-related macular degeneration 

[AMD] vs. controls, variants of the CYP24A1gene 

(coding for the 24-hydroxylase enzyme catabolic for 

vitamin D) influenced AMD risks amongst 2528 subjects 

[114, 115]. Thus further studies of supplementation for 

reduction in human AMD risks are warranted.  
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Cancer  

 

Many cancers are thought to be more common in vitamin 

D deficiency and there is much convincing 

epidemiological and especially ecological evidence, for 

this [116]. However, to date [May 2012] only in colo-

rectal cancer has the available evidence been accepted as 

demonstrating causality by bodies such as the 

International Agency for Research against Cancer [117]. 

Other cancers await the outcomes of further trials, 

though there is good mechanistic evidence to suggest 

that this association is likely to be confirmed for several 

other cancers, such as breast, lung and pancreas [118].  

Interestingly, the evidence for good vitamin D status 

over time being protective against melanoma, a skin 

tumour precipitated by sunburn, is currently 

strengthening [119]. Remarkable reductions in overall 

cancer rates over time were seen with vitamin D 

supplementation in 1179 women aged >55 years enrolled 

in a randomised controlled trial, with no effects of 

additional calcium supplementation. However since this 

reduction did not appear during the first year of the trial 

but only over the last 3 years of the 4 year trial, when the 

risk ratio for any cancer with supplementation was 

0.231[95% CI, 0.09-0.6] [120], many workers have not 

accepted the findings as meaningful. This non-

acceptance can be considered perverse since in other 

studies for cancer prevention no reductions in risk have 

been expected to appear within as short a period as one 

year [121].  For prostate cancer the debate is clouded by 

whether there may be a U-shaped curve for cancer risk 

with vitamin D status [122], though this may prove 

spurious for various reasons, including the small 

numbers of people studied in some trials, the small 

proportions with high vitamin D repletion in most 

studies and the lack of data for many likely confounders, 

including relevant genetic polymorphisms [123].   

 

Vitamin D requirements 

 

Recent position statements on vitamin D requirements 

include that from the IOM in 2010, discussed above [40]. 

One specific position statement on vitamin D and 

postmenopausal health [124], recognizes that diet is an 

inadequate source of vitamin D, when recommending 

daily intakes of 600 IU/day in adults, increasing to 800 

IU/day from the age of 71 years; it also states that 

regular summer sunshine exposure, without sunscreen, 

for 15 min 3-4 times weekly in the middle of the day in 

summer can generate adequate amounts of vitamin D 

and that supplementation with D2 or D3 can be used, 
with monitoring if concomitant medical problems 

require it or there is doubt about dosages being used. In 

2012 joint guidance from the Chief Medical Officers of 

all 4 countries of the UK on the advice to be given on 

vitamin D intakes to people over 65 years old was 

circulated to all general practitioners, practice nurses, 

health visitors and community pharmacists [125]. This 

advice recommended at-risk groups, such as those over 

65 years old, to take supplements of 10 g/day, [400 IU] 

which is less than is recommended in North America for 

adults in general [600 IU/day] and only half of the daily 

intake of 800 IU/day recommended for the healthy 

population aged over 70 year by the IOM, with the aim 

of achieving 25(OH)D values of ~ 20ng/ml [40]. For 

those presenting to clinicians, including those with 

osteoporosis, falls and fragility fractures, the Endocrine 

Society Clinician Vitamin D Guideline of 2011 

recommends achieving a serum 25(OH)D of at least 30 

ng/ml, the level required to achieve a plateau in the 

reduction of serum PTH with increasing 25(OH)D 

amongst large numbers of  healthy adults: in addition, no 

trial of vitamin D has ever achieved reductions in falls or 

fracture rates in older people without achieving this level 

of serum 25(OH)D or with supplemental doses of 

vitamin D of less than 800 IU daily [126]. Whether 

adequate supplementation can reduce the risks of cancer 

generally and not just those of colo-rectal cancer, as is 

suggested by the data for years 2-4 in the Lappe trial 

[120], and whether it can reduce the risk of developing a 

first cardiovascular event (stroke or an acute coronary 

event) is currently being tested in a RCT of 

supplementation with 2000 IU of vitamin D3 daily 

amongst a group of 20,000 healthy adults over 5 years, 

recruiting from 2010[http://clinical/ct2/show/NCT01169259]. 

Hopefully this trial may also produce data on outcomes 

for metabolic syndrome abnormalities and the 

development of impaired glucose tolerance and T2DM 

since these are pertinent to CVD risk.    

 

When and when not to measure serum 25(OH)D? 

 

 Where whole groups of the population, such as in older 

people, are at high risk of deficiency, adequate intakes of 

vitamin D should be ensured as a matter of public health. 

This author agrees that there should be no need to 

measure serum 25(OH)D concentrations on healthy 

people [127], other than for research or audit purposes.  

A single 25(OH)D assay in the UK costs as much as a 

year of supplementation for 3 people at IOM 

recommended amounts. Furthermore, serum 25(OH)D 

measurements have not been as well standardized as 

most routine biochemical test measurements and have 

varied widely. Thus, only assays from laboratories 

regularly performing well on international quality 

control schemes (such as DEQUAS [128]) should be 

http://clinicaltrials.gov/ct2/show/NCT01169259
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used, even with the newer automated Liquid 

Chromatography-Tandem mass Spectrographic methods 

that are now being widely introduced. In addition, serum 

25(OH)D, though generally accepted as reflecting 

vitamin D repletion, may not be comparable across all 

population groups since at least 3  genetic factors affect 

25(OH)D findings and there may be other unrecognised 

variations due to factors affecting measurements or the 

activation or catabolism of 25(OH)D; one possible factor 

increasing catabolism may be betel chewing in Asian 

populations [21]. However, assessment of vitamin D 

status may well be judged clinically necessary in people 

presenting for medical advice when there is a need to 

confirm or exclude vitamin D deficiency as a cause of 

the problems presented. Follow-up monitoring may also 

be warranted if the clinical response to initial 

supplementation is poor and whenever ongoing health 

problems or medication require routine vitamin D 

supplementation or it is judged necessary to ensure that 

the vitamin D dosages used in treatment are adequate.   

 

Means of improving vitamin D provision 
 
For treatment of proven deficiency in people aged over 

65 years a cumulative dose of ~600,000 IU, given in 

daily doses of 5000-10,000 IU over 2-4 months is often 

needed. Though interval doses of 50,000 to 100,000 IU 

have proved beneficial in deficiency much of a single 

large dose is simply excreted. Doses of 300,000 -500,000 

IU are not advisable since some studies have reported 

adverse effects on bone health from such doses and also 

because, should the patient have undiagnosed primary 

hyperparathyroidism, or be unduly sensitive to vitamin D 

due to an unknown condition such as sarcoidosis, such 

large doses might well lead to severe hypercalcaemia 

and, given yearly, these doses have failed to improve 

bone health [129,130]. For prevention of 

hypovitaminosis D  in the general population, current 

IOM recommendations suggest daily doses of 600 

IU/day for adults and 800 IU/day for those at risk or over 

70 years old [40]. It is important that ways be found to 

get advice out to those ‘at risk’ of hypovitaminosis D 

and to give them advice on supplementation appropriate 

to their age. For prevention of hypovitaminosis D at the 

population level provision of supplementation for all 

individuals would be cumbersome and expensive; food 

supplementation is used in many countries to improve 

daily intakes since food is a poor source of vitamin D, 

only wild oily fish and egg yolks providing useful 

amounts of the vitamin. Food fortification, e.g. of milk 

and orange juice, is used in some countries, e.g. the 
USA. Finland has recently introduced food fortification 

and this has virtually abolished deficiency in most parts 

of the population. The problem is that the elderly need 

larger intakes than young adults whilst babies and the 

very young need less. Thus, intakes suiting the elderly 

can be too high for babies and infants and have caused 

hypercalcaemia, in the UK at least, when several 

fortified infant foods were given as well as fortified milk 

feeds [131]. Thus food fortification, which would help 

reduce the risk of being vitamin D insufficient even 

before age-related changes develop, probably needs to be 

combined with the use of modest supplementation by 

older people.  

 

Adverse effects of improved vitamin D provision 

 

Supplementation of people with deficiency, who also 

happen to have undiagnosed primary hyper-

parathyroidism, is well recognised to increase the risk of 

hypercalcaemia, and, since this condition may not cause 

hypercalcaemia when vitamin D deficiency is present, 

but gets more common with age, especially in women, 

this risk is significant. Thus if people started on 

supplementation become in unwell, especially if they get 

nausea, vomiting, gut upsets or thirst, they should have 

an urgent blood test including measurement of serum 

calcium, urea, creatinine and electrolytes. If serum 

calcium is high, and especially if renal function has been 

compromised, urgent admission for rehydration may 

well be needed [16]. Supplementation of adults, 

especially older adults, with calcitriol or its analogues 

rather than vitamin D3, specifically increases the risks of 

nephrolithiasis [RR 1.17, 95% CI 1.02-1.34] [95], 

though this also a feature of hyperparathyroidism and is 

seen with excessive vitamin D 2/3 supplementation, even 

without concomitant hypercalcaemia, due the 

development of hypercalcuria.  However, consideration 

of evidence already available suggests that aiming to 

achieve serum 25(OH)D concentrations of 75 nmol/l 

rather than 50 nmol/l is likely to have health benefits 

[132]. However, policy makers such as the IOM are 

unlikely to change their recommendations without 

further evidence of long-term safety.  

 

Conclusions 
 

Inadequate amounts of vitamin D in older people reduces 

well being, aggravates the ageing process, in particular 

reducing mobility and adds to the severity of 

osteoporosis and the risks of falls and fragility fractures 

with all of their severe consequences. It also reduces 

longevity, increasing the risk of cardiovascular deaths in 

particular, but may also increase the risks of type 2 
diabetes and certain common cancers, notably colo-rectal 

cancer. Some describe vitamin D, feeding into genetic 
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mechanisms, as acting as a ‘Fountain of Youth’ [133]. At 

the most prosaic level, it is at least certain that 

reasonable intakes are protective against many common 

disorders that worsen with age. Since adequate exposure 

to summer sunshine becomes increasingly difficult for 

everyone with modern lifestyles, and more so with age, 

maintaining good intakes of vitamin D throughout life 

and increasing the amount taken in those aged 60-70 

years or more would ensure that the problems that 

hypovitaminosis D aggravates with ageing are 

minimized. Current Institute of Medicine 

recommendations [40] for healthy adult intakes [600 

IU/day] and for those over 70 [< 800 IU/day], together 

with the recommendations emerging from other bodies 

for those recognized as being at increased risk of 

deficiency (e.g. the dark skinned, those wearing veils or 

otherwise heavily clothed and those with little sun 

exposure, on poor diets  or over 65 years old) of intakes 

of 1000-2000 IU/day would be protective for most 

people [32, 125]. These intakes cannot be achieved from 

a normal diet. Unless food fortification is in place, 

healthy people need to take these doses as supplements. 

Vitamin A supplementation should be avoided unless 

insufficiency is a problem locally. Supplements used 

should provide pure vitamin D3, without other nutrients. 

Supplemental calcium or other nutrients should only be 

taken if medically indicated. These recommendations 

provide advice based on available evidence but do not 

allow for the possibility that much higher doses may be 

more beneficial. However, adequate RCT data is not yet 

available for the potential benefits and risks of doses 

larger than 4000 IU/day over the long-term.  Health care 

providers at all levels would be wise, therefore, to ensure 

that healthy people do achieve intakes of vitamin D in 

accordance with current advice. If higher intakes in the 

long-term prove to have added benefits, especially in 

older people, then dose recommendations will need to be 

increased as a public health priority. 
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