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Abstract

Introduction Vitamin D insufficiency is an extremely

common condition particularly in the older Irish population.

This is a consequence of Ireland’s geographical position and

climate. A recent study showed more than 75% of a cohort of

older Irish females had vitamin D insufficiency.

Objectives We outline the definition of vitamin D insuf-

ficiency and deficiency, its sources and metabolism as well

as the clinical consequences of deficiency. We explore the

current guidelines and discuss the pitfalls in the manage-

ment of vitamin D replacement and in particular address

recent Irish data on the feasibility and efficacy of intra-

muscular treatment.

Conclusion Vitamin D is important for calcium homeo-

stasis and bone metabolism and reduced levels lead to

osteomalacia, exacerbate osteoporosis and increase the risk

of falls. Evidence is emerging that vitamin D has a role

beyond musculoskeletal health and may impact on the

cardiovascular and autoimmune systems, as well as the risk

of malignancy.
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Introduction

Vitamin D deficiency is characterised by hypocalcaemia or

hypophosphataemia leading to rickets or osteomalacia and is

now uncommon in most developed countries. However,

vitamin D insufficiency is extremely common. Vitamin D is

necessary for adequate calcium and phosphorous absorption

from the intestine and is important for proper mineralization

of the bone. Low vitamin D has been associated with oste-

oporosis, risk of falls and fractures. Treatment of vitamin D

deficiency is important for musculoskeletal health and for

extra-skeletal health including the normal functioning

autoimmune and cardiovascular systems [1].

Prevalence

Vitamin D deficiency is commonly associated with the

older population. A study in this department on older Irish

female patients by DeLappe et al. [2] confirmed that more

than 75% have vitamin D insufficiency. Vitamin D defi-

ciency has also been well recognised in the adolescent age

group [3].

In recent years it has become clear that vitamin D insuf-

ficiency affects all age groups and is common throughout the

entire Irish population as demonstrated by Hill et al. [4]. This

study showed vitamin D inadequacy of 11% during the

summer and 45% in winter in all age groups. Climate, season

and geographical location have an important impact on

adequate exposure to vitamin D. Vitamin D stores decline

particularly in older subjects and especially in the winter. In

areas such as Edmonton and Boston, vitamin D production

has been found to cease in winter [5].

Definition of vitamin D deficiency

There is no clear consensus regarding the definition of

vitamin D deficiency and adequate vitamin D status. Var-

ious thresholds have been used in the different studies.
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Studies have demonstrated that 25-hydroxyvitamin D

reduces parathyroid hormone concentration and biochem-

ical markers of bone turnover. Some researchers have used

the 25-hydroxyvitamin D levels required to suppress the

release of parathyroid hormone as a cutoff for deficiency.

Holick et al. [6] recommend a minimum 25-hydroxyvita-

min D concentration of 50 nmol/l for deficiency but for

maximum bone health, a concentration between 78 and

100 nmol/l is recommended. It is important to distinguish

insufficiency from deficiency; the former has a biological

effect on calcium homeostasis and skeletal metabolism and

the latter leads to osteomalacia. It has been demonstrated

that calcium, inorganic phosphate and alkaline phosphatase

do not identify 25-hydroxyvitamin D insufficiency except

when 25-hydroxyvitamin D is deplete (\25 nmol/l) [7].

Sources and metabolism

Vitamin D without subscripts refers to either vitamin D2 or

vitamin D3. Vitamin D3, also known as cholecalciferol, is

either synthesised in the skin or obtained from the diet.

Vitamin D2, also known as ergocalciferol, is obtained from

irradiated fungi, such as yeast. Dietary sources of vitamin

D are limited and are found in oily fish and to a lesser

extent eggs. Food is not routinely fortified with vitamin D

in Ireland. Sunlight exposure provides in excess of 80% of

vitamin D. Vitamin D is stored throughout the summer and

lasts for approximately 12 weeks. When levels start to

decline in the winter months, parathyroid hormone levels

start to rise with a lag of 1 month. Lack of 1,25-

dihydoxyvitamin D leads to a decline in calcium absorption

with a consequent increase in parathyroid hormone levels

leading to an increase in bone resorption, accelerated bone

loss and reduction in bone mineral density. In the summer

months, this process is reversed [6]. Of note, prolonged

exposure to the sun does not cause vitamin D toxicity. This

is because after prolonged UV-B radiation exposure, the

vitamin D made in the skin is further degraded to the

inactive vitamin D metabolites tachysterol and lumisterol.

Once vitamin D is formed on the surface of the skin, it

undergoes two sequential hydroxylations in the liver (25

hydroxyvitamin D) and the kidney (1,25-dihydoxyvitamin

D) to form the active metabolite. The metabolism of vita-

min D to 1,25-dihydoxyvitamin D is closely coupled to

calcium homeostasis, and is modulated by parathyroid

hormone, serum calcium, and phosphorous levels. When

calcium levels drop, serum parathyroid hormone increases,

enhancing tubular reabsorption of calcium, as well as

increasing activity of alpha-1-hydroxylase in the kidney.

This results in increased 1,25-dihydoxyvitamin D produc-

tion, in turn leading to increased intestinal calcium

absorption. Parathyroid hormone also stimulates bone

osteoclast activity to mobilize bone calcium stores, thus

increasing serum calcium. By this mechanism, serum 1,25-

dihydoxyvitamin D are kept at nearly normal levels at the

expense of raising parathyroid hormone levels, causing

secondary hyperparathyroidism. Secondary hyperparathy-

roidism leads to accelerated bone loss with a consequent

reduction in bone mineral density and an increased fracture

risk, and without further treatment causes osteomalacia in

adults and rickets in children.

It is well established that vitamin D nutritional status is

best assessed using serum 25-hydroxyvitamin D levels.

This is due to its long serum half-life (approximately

3 weeks) and because the 25-hydroxylation step is unreg-

ulated, thus reflecting substrate availability [8].

Causes of vitamin D deficiency and resistance

The most common causes of vitamin D deficiency are due

to impaired availability of vitamin D secondary to lack of

photoisomerisation, inadequate dietary intake and fat

malabsorption. Adults in nursing homes or health care

institutions are at a particularly high risk of vitamin D

deficiency [9]. Ageing and treatment with glucocorticoids

lead to a marked reduction in skin thickness and reduces

the efficiency of the skin in producing vitamin D [10].

Glucocorticoids when used in chronically high doses

inhibit vitamin D-dependant intestinal absorption of cal-

cium and cause osteomalacia [11]. Resection of the small

intestine may lead to malabsorption of vitamin D and

vitamin D deficiency is also associated with coeliac disease

and cystic fibrosis [12, 13].

There are minimal amounts of vitamin D in human

breast milk. The American Academy of Paediatrics rec-

ommends vitamin D supplementation starting at age

2 months for infants fed exclusively with breast milk [14].

Medications such as phenytoin, phenobarbital, and rifam-

picin can induce hepatic p450 enzymes to accelerate the

catabolism of vitamin D. Decreased synthesis of 25-

hydroxyvitamin D occurs when more than 90% of liver is not

functioning [15]. In stage 2 kidney disease, hypophosph-

ataemia leads to increased fibroblast growth factor 23

which decreases 25 hydroxyvitamin D-1-alpha-hydroxylase

activity. This causes decreased fractional excretion of

phosphorous and decreased serum levels of 1,25-

dihydroxyvitamin D. In stage 4 and 5 kidney disease there

is an inability to produce adequate amounts of 1,25-

dihydroxyvitamin D leading to hypocalcaemia, secondary

hyperparathyroidism and renal bone disease [16]. There are

a number of heritable disorders that can cause osteomalacia

and include pseudovitamin D deficiency, vitamin D resis-

tant rickets, vitamin D-dependant rickets type 3, autosomal

dominant hypophosphataemic rickets and X-linked
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hypophosphataemic rickets. Acquired disorders leading to

vitamin D deficiency are tumour-induced osteomalacia,

primary hyperparathyroidism, granulomatous disorders and

hyperthyroidism.

Vitamin D supplementation and osteoporosis

Osteoporosis is characterised by reduced bone mineral

density, disruption of the bony microarchitecture, and of

the amount and variety of non-collagenous proteins in

bone. Osteoporosis increases risk of fractures and mortal-

ity. Studies have shown that calcium and vitamin D

repletion improve bone mineral density. An analysis of the

Third National Health and Nutrition Examination Survey

(NHANES III) demonstrated a positive correlation between

circulating 25-hydroxyvitamin D levels and bone mineral

density [17].

However, the data regarding fracture reduction is not as

clear-cut. Study outcomes are also likely to be influenced

by the participant’s compliance. Chapuy et al. were the first

group to show that vitamin D and calcium had a significant

effect on fracture reduction. This study looked at 3,270

elderly French women who were randomised to take pla-

cebo or 1,200 mg of calcium and 800 IU of vitamin D3

daily. Patients in the study group had substantial reduction

(17–23%) in hip fractures over a period of 3 years [18].

Compliance was not an issue for this group as the partic-

ipants were resident in a nursing home. A further paper

published by Trivedi et al. [19] showed a fracture reduction

of 22% after 5 years.

Porthouse et al. did not show a significant reduction in

fracture risk in a randomised controlled trial involving

3,000 women over the age of 70 in a community setting.

Participants were randomised by an independent party

who was blinded to the patient’s characteristics to receive

calcium and vitamin D3 (800 IU) [20]. The RECORD

study examined the role of vitamin D in secondary pre-

vention. This study looked at over 5,000 men and women

who had previously had a fracture. There was no signif-

icant reduction in fractures in the group randomised to

receive calcium and vitamin D; however, compliance may

have been as low as 45% in this study [21]. A large

randomised controlled trial by Lips et al. [22] found no

reduction in fracture risk for vitamin D, but the popula-

tion studied did not have a high prevalence of vitamin D

deficiency.

Recent results from the Women’s Health Initiative

showed that supplementation with calcium and vitamin D

(400 IU of vitamin D3) in the postmenopausal population

resulted in a nonsignificant 12% reduction in hip fractures

[23]. However, when those who were noncompliant were

excluded there was a significant 29% reduction in hip

fractures. The results of this trial may also have been

influenced by the low fracture rate, high personal intake of

vitamin D and calcium as well as the young age of the

population studied. Compliance may also have an impor-

tant role in the trials that showed negative fracture out-

comes for patients randomised to vitamin D and calcium.

In the study by Porthouse et al. compliance with vitamin D

supplements was 54.5% at 2 years. With calcium supple-

mentation the figure was only 9.4% [20]. Even within the

subgroup most likely to benefit from supplementation,

compliance is very poor. A study by Solomon et al. [24]

found that most patients with hip fractures did not take

supplements despite receiving detailed information about

their importance.

The dose of vitamin D used in the various trials has been

found to have an impact on results. Bischoff-Ferrari et al.

[25] performed a meta-analysis of randomised controlled

trials published prior to 2005. The meta-analysis found that

vitamin D supplementation of 400 IU has no impact, and

vitamin D in a dose of 800 IU daily reduced the risk of a

first hip fracture and new vertebral fracture by 26 and 23%,

respectively. Outcomes for fracture data may also be

influenced by the type of vitamin D used, which may

related to the efficacy and length of action of the different

preparations of vitamin D. Ergocalciferol (vitamin D2) was

used in the study by Law et al. [26]. It found that supple-

mentation with vitamin D2 of 1,100 IU daily did not

reduce the risk of fractures or falls among older women in

care home accommodation. Trivedi et al. [19] used cho-

lecalciferol (vitamin D3) in older women in a community

setting and were given 800 IU daily. This study found a

statistically significant reduction in fractures. In both

studies the mean rise in serum vitamin D levels was

27 nmol/L (47–74) and 21 nmol/L (53–74), respectively.

However, in the Porthouse and RECORD studies where

cholecalciferol was used, there was no significant fracture

reduction [20, 21]. Past studies suggested that vitamin D3

may be more effective than vitamin D2 in establishing

normal vitamin D stores [27]. However, a study by Holick

and colleagues [28] demonstrated that vitamin D2 and

vitamin D3 appear to be equipotent in raising 25-hydroxy-

vitamin D concentrations when given in daily doses of

1,000 IU.

It has been increasingly recognised that vitamin D has

an important role in musculoskeletal health beyond man-

agement of osteoporosis and fracture prevention. Vitamin

D deficiency is important in the prevention of falls in the

elderly. A meta-analysis by Bischoff-Ferrari et al. [29] has

shown that supplementation of vitamin D reduces the risk

of falls in an elderly population by 22%. This meta-

analysis showed that 400 IU of vitamin D3 per day was not

effective in preventing falls, whereas 800 IU of vitamin D3

per day plus calcium reduced the risk of falls (corrected
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pooled odds ratio, 0.65; 95% CI 0.4–1.0). The effect of

vitamin D was independent of calcium use with benefits

occurring within 2–3 months of supplementation. This

emphasises the potentially important role of vitamin D in

body sway and muscle power. A further study in a placebo-

controlled randomised controlled trial found that combined

supplementation with calcium and vitamin D reduced the

odds of falling in an ambulatory older female population by

46% over 3 years [30].

Severe vitamin D deficiency leads to osteomalacia and

rickets in adults and children, respectively. Osteomalacia

refers to defective mineralisation of bone matrix due to

deficiency or resistance to vitamin D. It can be associated

with isolated or generalised bony pain and muscle weak-

ness. Pain is caused by hydration of the demineralised

matrix as it presses out against the periosteum [31].

Diagnosis is based on clinical, biochemical and radio-

logical findings. Biochemical changes include reduced

serum calcium, phosphate and urinary calcium as well as a

raised alkaline phosphatase. Radiological changes are

characterised by Loosers zones, but more commonly there

is a general picture of skeletal deformity with vertebral

fractures, fractures of other bones and bowing of long

bones.

A study by Plotnikoff et al. investigated 150 people aged

between 10 and 65 and showed that 93% of patients who

attended a primary care facility with chronic musculo-

skeletal pain, with a variety of diagnoses including fibro-

myalgia and depression were actually deficient in vitamin D.

Osteomalacia can run an insidious course and may be

difficult to diagnose, as biochemical changes may be sub-

clinical [32].

Nonskeletal actions of vitamin D

Epidemiological studies suggest that those living at higher

latitudes are at increased risk of malignancy and also have

higher mortality rates from cancer. Solar UV-B radiation is

used as a marker in studies for vitamin D deficiency. A

study by the American Cancer Society looking at geo-

graphical variation in cancer mortality found that higher

amounts of UV-B radiation were associated with reduced

risk of cancer of the breast, colon, ovary, and prostate as

well as non-Hodgkins lymphoma. Eight additional malig-

nancies were found to exhibit an inverse correlation

between mortality rates and UV-B radiation, namely cancer

of the bladder, oesophagus, kidney, lung, pancreas, rectum,

stomach, and corpus uteri [33].

An analysis from the Nurses’ Health Study cohort

(32,826 subjects) showed that the odds ratios for colorectal

cancer were inversely associated with median serum levels

of 25-hydroxyvitamin D [the odds ratio at 16.2 ng/ml

(40.4 nmol/l) was 1.0, and the odds ratio at 39.9 ng/ml

(99.6 nmol/l) was 0.53; P B 0.01] [34].

However, to date there have been no large, randomised

clinical trials that have established the role of vitamin D in

preventing cancer. A large randomised placebo-controlled

double blinded study also involving participants from the

Nurses Health study examined the role of vitamin D in

preventing colon cancer. There was no significant reduc-

tion in colorectal cancer in women randomised to vitamin

D/calcium, though the long latency period may have con-

tributed to the negative finding [35].

Living at higher latitudes increases the risk of autoim-

mune conditions such as multiple sclerosis, and Crohn’s

disease [36]. Vitamin D insufficiency may also increase the

risk for type I and type II diabetes mellitus [37]. In

NHANES III, lower vitamin D status was associated with

higher fasting glucose and 2-h glucose after an oral glucose

tolerance test [38].

Experimental data suggest that 1,25-dihyroxyvitamin D

affects cardiac muscle directly, regulates the renin–angio-

tensin–aldosterone system, and modulates the immune

system [39]. Because of these biologic effects, vitamin D

deficiency has been associated with hypertension, several

types of vascular diseases, and heart failure. Treatment

with vitamin D lowered blood pressure in patients with

hypertension and modified the cytokine profile in patients

with heart failure [39]. However, vitamin D supplementa-

tion is not recommended as routine treatment for heart

disease until prospective trials have fully assessed its

effects.

A meta-analysis evaluated the effect of vitamin D sup-

plementation (using a mean supplementation dosage of

about 500 IU daily) on all-cause mortality in 18 random-

ised controlled trials and found a 7% relative risk reduction

for death [40].

Management

Recommended levels of adequate vitamin D intake are

between 400 and 600 IU daily The American Institute of

Medicine recommends 600 IU [70 years and 400 IU

\70 years [41], while the Scientific Committee for Food in

the EU recommends 400 IU daily [42]. However, many

experts would agree that these recommended intakes of

vitamin D are too low [31].

Sunlight is a very important source of vitamin D and

exposure of arms and legs for 5–30 min between the hours

of 10 a.m. and 3 p.m. twice a week is often adequate to

prevent vitamin D deficiency [31]. However, this depends

on a number of factors including time of day, season and

latitude. Vitamin D supplementation may be required in

those at risk of deficiency due to reduced sun exposure or
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dietary intake. Infants who are breastfed require 400 IU

vitamin D3 per day and children (ages 1–18 years) require

400–1,000 IU vitamin D3 per day [43]. To prevent defi-

ciency in adults 800–1,000 IU is required and doses of

1,000–2,000 IU are safe [43]. Other regimens include

50,000 IU vitamin D2 every month [44]. In pregnant and

lactating women, 1,000–2,000 IU of vitamin D2 per day or

50,000 IU every 2 weeks is recommended [45].

Vitamin D deficiency can be corrected using various

methods, although no standard treatment regimen exists

and management is often guided by expert opinion [31]. In

children and adults with vitamin D deficiency, 50,000 IU

of vitamin D2 or D3 can be given every week for 8 weeks

until vitamin D levels are satisfactory [44]. In malabsorp-

tion syndromes, 50,000 IU may be required on a daily,

weekly or monthly basis based on levels [31]. UV-B irra-

diation (tanning bed or portable UV-B device) can also be

used, but the risk of skin damage and malignancy must be

considered [46].

To prevent deficiency in chronic renal failure, in stage 2

and 3 disease, 1,000 IU of vitamin D2 or D3 per day or

50,000 IU is recommended every 2–4 weeks to maintain

levels. In vitamin D deficiency, 50,000 IU of vitamin D2

may be given weekly for 8 weeks and may need to be

repeated according to levels [47]. Patients with an eGFR

\30ml/min kidneys are unable to make active vitamin D

and activated vitamin D should be prescribed to maintain

calcium metabolism and reduce the risk of bone disease,

i.e. 0.25–1 lg of alfacalcidol orally twice daily [47].

Alfacalcidol is associated with a risk of hypercalcaemia

and thus serum calcium levels must be monitored closely.

Intramuscular vitamin D would appear to be an attrac-

tive alternative to oral supplementation as it avoids

potential problems with compliance. A previous study

performed by DeLappe et al. in Galway in a group of older

females demonstrated that oral calcium and vitamin D

supplementation in our unit failed to normalise plasma

levels in most patients [9]. However, there are a limited

number of studies looking at intramuscular vitamin D as a

management option. A study by Burns et al. [48] included

just seven patients who received 1,200,000 IU of vitamin D

and there were no cases of hypercalcemia. A study per-

formed in Galway, published in a recent issue of this

journal randomised 90 women over the age of 65 to receive

300,000 IU of vitamin D3 or placebo. Patients who

received intramuscular treatment showed a significant

improvement in 25OH vitamin D levels, from

25.5–81 nmol/l with 11% remaining deficient [49]. A

recent study by Smith et al. [50] concluded that an annual

injection of vitamin D2 (300,000 IU) was not effective in

preventing nonvertebral fractures among older men and

women resident in the community. The precise frequency

of injections required to maintain adequate serum levels of

vitamin D is the subject of ongoing research in our

department.

Vitamin D excess

Hypercalcaemia was reported in children in the 1940s and

1950s which was felt to be due to high levels of vitamin D

in fortified milk. It has also been documented in adults

taking more than 60,000 units a day. Manifestations

include symptoms of hypercalcaemia and hypercalciuria,

including confusion, polyuria, polydipsia, anorexia, vom-

iting, and bony demineralisation with pain. This may occur

in those who take excess supplementation, or in patients

prescribed vitamin D for malabsorption, renal osteodys-

trophy, osteoporosis and psoriasis. There is no clear data on

when intake of vitamin D becomes toxic. However, doses

of 10,000 IU of vitamin D3 per day for up to 5 months,

however, do not cause toxicity [51].

Conclusion

Vitamin D insufficiency is a very common, under diag-

nosed problem in Ireland affecting all age groups, but

especially the older population. It is associated with skel-

etal and nonskeletal conditions which cause significant

morbidity and mortality. It is both treatable and prevent-

able and innovative approaches to its management such as

intramuscular replacement and supplementation are both

practically feasible and promising as demonstrated by

Nugent et al. [49] in the current issue of this journal.
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