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Abstract
The National Osteoporosis Society (NOS) published its document, Vitamin D and Bone Health: A Practical Clinical
Guideline for Patient Management, in 2013 as a practical clinical guideline on the management of vitamin D deﬁciency in
adult patients with, or at risk of developing, bone disease. There has been no clear consensus in the UK on vitamin D deﬁciency its assessment and treatment, and clinical practice is inconsistent. This guideline is aimed at clinicians, including doctors,
nurses and dieticians. It recommends the measurement of serum 25 (OH) vitamin D (25OHD) to estimate vitamin D status
in the following clinical scenarios: bone diseases that may be improved with vitamin D treatment; bone diseases, prior to speciﬁc treatment where correcting vitamin D deﬁciency is appropriate; musculoskeletal symptoms that could be attributed to
vitamin D deﬁciency. The guideline also states that routine vitamin D testing is unnecessary where vitamin D supplementation
with an oral antiresorptive treatment is already planned and sets the following serum 25OHD thresholds: <30 nmol/l is deﬁcient; 30–50 nmol/l may be inadequate in some people; >50 nmol/l is sufﬁcient for almost the whole population.
For treatment, oral vitamin D3 is recommended with ﬁxed loading doses of oral vitamin D3 followed by regular maintenance
therapy when rapid correction of vitamin D deﬁciency is required, although loading doses are not necessary where correction
of deﬁciency is less urgent or when co-prescribing with an oral antiresorptive agent. For monitoring, serum calcium (adjusted
for albumin) should be checked 1 month after completing a loading regimen, or after starting vitamin D supplementation, in
case primary hyperparathyroidism has been unmasked. However, routine monitoring of serum 25OHD is generally unnecessary but may be appropriate in patients with symptomatic vitamin D deﬁciency or malabsorption and where poor compliance
with medication is suspected.
The guideline focuses on bone health as, although there are numerous putative effects of vitamin D on immunity modulation,
cancer prevention and the risks of cardiovascular disease and multiple sclerosis, there remains considerable debate about the
evaluation of extraskeletal factors and optimal vitamin D status in these circumstances.
Keywords: vitamin D deficiency, muscle and vitamin D, vitamin D deficiency threshold, vitamin D testing older people,
osteomalacia
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Background
Vitamin D is important for the maintenance of bone health
and may have a potential role in the prevention of non-skeletal
disorders such as cardiovascular, neoplastic and metabolic
disease, although there remains a paucity of evidence from
randomised clinical trials [1]. However, there is no universal
consensus on the criteria for an optimal vitamin D status.
Vitamin D deﬁciency is common in the UK, particularly in
older people [2] and as awareness has increased that it may
contribute to the development of metabolic bone disease,
osteomalacia, osteoporosis and result in increased rates of falls
and fractures, there has been a dramatic increase in measurement of serum 25 hydroxyvitamin D (25OHD).
The guideline was developed by a group of clinicians and
scientists with expertise in vitamin D, metabolic bone disease
and osteoporosis. The group used the most up-to-date synthesis of the evidence presented in the Institute of Medicine
(IOM) report in 2010 [3], supplemented by literature reviews
to identify papers published subsequently. In response to clinical need, the National Osteoporosis Society has developed a
practical clinical guideline on the management of vitamin D
deﬁciency in adult patients with, or at risk of developing, bone
disease. There has been a proliferation of conﬂicting guidance,
for example, recommending target serum 25(OH)D >72.5
nmol/l [4], and there is inconsistent practice across the UK
with regard to the clinical management of vitamin D status
[4–8]. This guideline will help clinicians, including doctors,
nurses, dietitians and other practising clinicians, to focus on
issues which have hitherto caused confusion among patients
and health-care professionals:
• the indications for measuring serum 25OHD;
• how to interpret the results and
• strategies for the correction of vitamin D deﬁciency.
This guideline does not address the management of
vitamin D deﬁciency in childhood, in pregnancy or in patients
with severe chronic kidney disease (CKD stages 4–5). It is a
guideline of treatment and not public health recommendations.

Methods
The IOM report from 2010 is the most recent comprehensive review of vitamin D status [3], which itself sought
evidence from two systematic reviews, addressing ten Key
Questions, from the Agency for Healthcare Research and
Quality (AHRQ), based in Tufts University and Ottawa.
Robust methodologies of systematic evidence-based review
were used [9, 10], which assessed study design and quality
of publications, using a Jadad score, which evaluated documentation of randomisation, blinding and concealment of
allocation.
The questions addressed by the AHRQ relevant to this
guideline comprise
• ‘Are speciﬁc circulating concentrations of 25OHD associated with bone health outcomes in: … women of

reproductive age [and] elderly men and postmenopausal
women?’
• ‘Do food fortiﬁcation, sun exposure, and/or vitamin D
supplementation affect circulating concentrations of 25
(OH)D?’
• ‘What is the evidence regarding the effect of supplemental doses of vitamin D on bone mineral density and fracture or fall risk and does this vary with age groups,
ethnicity, body mass index, or geography?’
• ‘Does intake of vitamin D above current reference
intakes lead to toxicities (e.g. hypercalcemia, hypercalciuria, and calciﬁcation of soft tissue or major organs)?’
• ‘What is the association between serum 25(OH)D concentrations or calcium balance and clinical outcomes?’
• ‘What is the effect of vitamin D or combined vitamin D
and calcium intakes on serum 25(OH)D concentrations?’

Recommendations
The recommendations are summarised below, numbered
from one to nine for convenience, followed by a brief
summary of their potential impact on practice and any particular areas of uncertainty.
(1) Measurement of serum 25OHD is the best way of estimating vitamin D status.
Serum 25OHD should be measured to evaluate
vitamin D status, which is in keeping with standard clinical
practice. It is the logical metabolite for assessment,
believed to reﬂect medium term levels of substrate for
vitamin D metabolism. The guideline covers a little more
technical detail on the preferred 25OHD assay methodology, including the need to use a method which measures both vitamin D2 (ergocalciferol) and vitamin D3
(cholecalciferol) [11]. The gold standard assay method is
tandem mass spectrometry which is generally used as
a research tool but the importance of quality control on
laboratory methods is also stressed. Alternative assays
relevant to evaluating vitamin D status, such as serum
1,25 (OH)2 vitamin D, parathyroid hormone or markers
of bone turnover, may complement the assessment but
are not routinely recommended; and serum calcium is
important where severe vitamin D deﬁciency or toxicity
are likely.
(2) Serum 25OHD measurement is recommended for
• patients with bone diseases that may be improved with
vitamin D treatment;
• patients with bone diseases, prior to speciﬁc treatment
where correcting vitamin D deﬁciency is appropriate and
• patients with musculoskeletal symptoms that could be
attributed to vitamin D deﬁciency.
(3) Routine vitamin D testing may be unnecessary in patients
with osteoporosis or fragility fracture, who may be
co-prescribed vitamin D supplementation with an oral
antiresorptive treatment.
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With regard to assessing vitamin D status in clinical
practice focusing on musculoskeletal health, for known
or suspected osteomalacia or vitamin D-deﬁciencyassociated myopathy, it is appropriate to measure serum
25OHD. It is also appropriate to measure serum 25OHD
where prevalent deﬁciency is likely to have an effect on
co-prescribed medication. However, there is weak evidence
to support this practice and routine measurements cannot
be justiﬁed when vitamin D (with or without calcium) supplement will be co-prescribed, for example, in asymptomatic patients receiving oral bisphosphonates.
(4) In agreement with the IOM, we propose that the following vitamin D thresholds for serum 25OHD are adopted
by UK practitioners in respect to bone health
• less than 30 nmol/l is deﬁcient;
• 30–50 nmol/l may be inadequate in some people and
• greater than 50 nmol/l is sufﬁcient.
There is no universal consensus on the level of serum
25OHD which constitutes sufﬁciency. However, in line with
the IOM review, the guideline supports a serum 25OHD
threshold of 30 nmol/l for deﬁciency and a potential for deﬁciency between 30 and 50 nmol/l. These thresholds correspond to an increased risk of osteomalacia for the former and
secondary hyperparathyroidism for the latter. This is a very
contentious area, as thresholds as high as 75 nmol/l have
been recommended by some, but the evidence to support
this is weak [12].
(5) Oral vitamin D3 is the treatment of choice in vitamin D
deﬁciency.
With regard to treatment, oral vitamin D as cholecalciferol (D3) rather than ergocalciferol (D2) is recommended, based on evidence from meta-analysis on serum
25OHD levels achieved [13]. However, it is recognized
that vitamin D2 may be preferred by vegetarians and
others whose religious and cultural beliefs would rather
avoid vitamin D from animal origin, and that much of
the clinical evidence for treating osteomalacia has been
from studies using vitamin D2.
(6) Where rapid correction of vitamin D deﬁciency is
required, such as for symptomatic disease or before treatment with a potent antiresorptive agent (e.g. zoledronate
or denosumab) the recommended treatment regimen is
based on:
• A ﬁxed loading regimen to provide a total of 300 000
IU vitamin D, given either as separate weekly or daily
doses over 6–10 weeks
• Followed by maintenance therapy comprising vitamin D
in doses equivalent to 800–2,000 IU daily (occasionally
up to 4,000 IU daily), given either daily or intermittently
at higher doses.
(7) Where correction of vitamin D deﬁciency is less urgent
and when co-prescribing vitamin D supplements with an
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oral antiresorptive agent, maintenance therapy may be
started without the use of loading doses.
It is common practice (and recommended in a previous clinical review in the BMJ [14]) to give large loading
doses to patients with vitamin D deﬁciency. However,
there is no available evidence with clinical outcomes that
giving loading doses in excess of 600 000 IU of vitamin
D3 has any beneﬁcial effect, in the absence of clinical
osteomalacia. Indeed, a number of studies using bolus
dosing of 300,000–600,000 IU of vitamin D2 or vitamin
D3 have shown a paradoxical increased rate of adverse
events, including falls and fractures [15–17]. Hence, the
guideline recommends loading doses of vitamin D3 only
for symptomatic disease or for patients at an increased
risk of hypocalcaemia, about to receive potent antiresorptive medication.
(8) Adjusted serum calcium should be checked one month
after completing the loading regimen or after starting
vitamin D supplementation in case primary hyperparathyroidism has been unmasked.
(9) Routine monitoring of serum 25OHD is generally unnecessary but may be appropriate in patients with symptomatic
vitamin D deﬁciency or malabsorption and where poor
compliance with medication is suspected.
Measurement of serum calcium (adjusted for serum albumin)
is recommended, where loading doses of vitamin D3 have
been given, but monitoring of serum 25OHD is not recommended, except in circumstances where malabsorption is
likely.

Overcoming barriers
It is important that the context for this guideline is clear:
these recommendations relate to optimising vitamin D status
for patients’ musculoskeletal health. Vitamin D status may
also be relevant to other health factors such as immunomodulation, cardiovascular disease, diabetes mellitus and multiple sclerosis, where target serum 25OHD levels >50 nmol/l
have been recommended. However, there is no consistent
evidence that vitamin D supplementation is beneﬁcial using
clinical non-musculoskeletal outcomes [3, 9, 10]. Alternative
international guidelines [4, 12], with a tendency to target
serum 25OHD at >75 nmol/l, are likely to continue to
confuse matters. Secondly, this is a clinical guideline focusing
on who and how to assess and treat for vitamin D deﬁciency.
It is not aimed at inﬂuencing public health policy or deﬁning
a target for vitamin D sufﬁciency at a population level, which is
within the remit of the Department of Health Scientiﬁc
Advisory Committee on Nutrition (SACN), who are currently
reviewing the dietary reference values for vitamin D. In short,
in order to overcome potential barriers, we have already
ensured support from key stake holders (including the British
Geriatrics Society, Society for Endocrinology, Primary Care
Rheumatology Society, Royal Pharmaceutical Society and
Royal College of Nursing) and would recommend that these
guidelines are adopted by NHS trusts, Clinical Commissioning
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Groups and Health Boards in the UK. We look forward to the
SACN report but do not anticipate that it will alter this guideline’s recommendations signiﬁcantly.

Key points
• Measurement of serum 25OHD is the best way of
estimating vitamin D status.
• Vitamin D thresholds in respect to bone health are:
o serum 25OHD <30 nmol/l is deﬁcient
o serum 25OHD of 30–50 nmol/l may be inadequate
in some people
o serum 25OHD >50 nmol/l is sufﬁcient for almost
the whole population
• Oral vitamin D3 is the treatment of choice in vitamin D
deﬁciency.
• Where rapid correction of vitamin D deﬁciency is required,
ﬁxed loading doses of oral vitamin D3 followed by regular
maintenance therapy is recommended.
• Vitamin D therapy (without loading doses) is recommended where correction of deﬁciency is less urgent or
when co- prescribing with an oral antiresorptive agent.
• Adjusted serum calcium should be checked at 1 month
after completing a loading regimen or after starting
vitamin D.
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