
9/8/22, 11:45 AM Vitamin D deficiency in adults: Definition, clinical manifestations, and treatment - UpToDate

https://www.uptodate.com/contents/vitamin-d-deficiency-in-adults-definition-clinical-manifestations-and-treatment/print?search=vitamin d deficiency tr… 1/27

Official reprint from UpToDate  
www.uptodate.com © 2022 UpToDate, Inc. and/or its affiliates. All Rights Reserved.

Vitamin D deficiency in adults: Definition, clinical
manifestations, and treatment
Author: Bess Dawson-Hughes, MD
Section Editor: Clifford J Rosen, MD
Deputy Editor: Katya Rubinow, MD

All topics are updated as new evidence becomes available and our peer review process is complete.

Literature review current through: Aug 2022. | This topic last updated: Sep 06, 2022.

INTRODUCTION

Overt vitamin D deficiency, characterized by hypocalcemia and/or hypophosphatemia and
rickets and osteomalacia in children and osteomalacia in adults, is now uncommon in most
developed countries (see "Epidemiology and etiology of osteomalacia" and "Clinical
manifestations, diagnosis, and treatment of osteomalacia"). However, subclinical vitamin D
deficiency occurs even in developed countries and is associated with osteoporosis and possibly
fractures. Vitamin D stores decline with age, especially in the winter [1-3]. In temperate areas
such as Boston and Edmonton, for example, cutaneous production of vitamin D virtually ceases
in winter [2]. Thus, identification and treatment of vitamin D deficiency is important for
musculoskeletal health and possibly even extraskeletal health, including the immune and
cardiovascular systems. (See "Vitamin D and extraskeletal health".)

This topic will review the definition, clinical manifestations, and treatment of vitamin D
deficiency in adults. The causes of vitamin D deficiency, vitamin D supplementation in
osteoporosis, and the treatment of vitamin D deficiency in children are reviewed separately.
(See "Causes of vitamin D deficiency and resistance" and "Calcium and vitamin D
supplementation in osteoporosis" and "Vitamin D insufficiency and deficiency in children and
adolescents".)

DEFINING VITAMIN D SUFFICIENCY
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Serum 25-hydroxyvitamin D — Vitamin D sufficiency is estimated by measuring 25-
hydroxyvitamin D (25[OH]D or calcidiol) concentrations. The optimal serum 25(OH)D
concentration for skeletal health is controversial. Based upon the trials of vitamin D
supplementation [4-7] and National Academy of Medicine (NAM), formerly called the Institute of
Medicine (IOM), systematic review [8], we favor maintaining the serum 25(OH)D concentration
between 20 and 40 ng/mL (50 to 100 nmol/L). Experts agree that levels lower than 20 ng/mL are
suboptimal for skeletal health. The optimal serum 25(OH)D concentrations for extraskeletal
health have not been established. (See "Vitamin D and extraskeletal health".)

The NAM supports 25(OH)D concentrations above 20 ng/mL (50 nmol/L) [8]. These
recommendations are based upon evidence related to bone health. Other experts (the National
Osteoporosis Foundation [NOF], the International Osteoporosis Foundation [IOF], the American
Geriatric Society [AGS]) suggest that a minimum level of 30 ng/mL (75 nmol/L) is necessary in
older adults to minimize the risk of falls and fracture [9-12]. The systematic review by the NAM
concluded there are insufficient data to determine the safe upper limit of serum 25(OH)D [8].
However, there was some concern at serum 25(OH)D concentrations above 50 ng/mL (125
nmol/L). These concerns were based upon the increase in fracture in patients treated with high-
dose vitamin D [7] and conflicting studies describing a potential increased risk for some cancers
(eg, pancreatic, prostate) and mortality with levels above 30 to 48 ng/mL (75 to 120 nmol/L).
(See "Vitamin D and extraskeletal health", section on 'Cancer' and "Vitamin D and extraskeletal
health", section on 'Mortality'.)

Given the controversy surrounding optimal serum 25(OH)D concentrations, the definitions of
vitamin D sufficiency, insufficiency, and deficiency are only approximate. The majority of groups
currently use the following values to categorize the vitamin D status in adults [13].

Assay issues — Commercial assays measure total 25(OH)D, but some laboratories report 25-
hydroxyvitamin D2 and 25-hydroxyvitamin D3 values separately ( figure 1). It is the total
25(OH)D concentration that is clinically important.

Vitamin D sufficiency is defined as a 25(OH)D concentration greater than 20 ng/mL (50
nmol/L)

●

Vitamin D insufficiency is defined as a 25(OH)D concentration of 12 to 20 ng/mL (30 to 50
nmol/L)

●

Vitamin D deficiency is defined as a 25(OH)D level less than 12 ng/mL (30 nmol/L)●

A "risk" of vitamin D toxicity is defined as a 25(OH)D level >100 ng/mL (>250 nmol/L) in
adults ingesting substantial amounts of calcium

●

https://www.uptodate.com/contents/vitamin-d-deficiency-in-adults-definition-clinical-manifestations-and-treatment/abstract/4-7
https://www.uptodate.com/contents/vitamin-d-deficiency-in-adults-definition-clinical-manifestations-and-treatment/abstract/8
https://www.uptodate.com/contents/vitamin-d-and-extraskeletal-health?search=vitamin%20d%20deficiency%20treatment&topicRef=2022&source=see_link
https://www.uptodate.com/contents/vitamin-d-deficiency-in-adults-definition-clinical-manifestations-and-treatment/abstract/8
https://www.uptodate.com/contents/vitamin-d-deficiency-in-adults-definition-clinical-manifestations-and-treatment/abstract/9-12
https://www.uptodate.com/contents/vitamin-d-deficiency-in-adults-definition-clinical-manifestations-and-treatment/abstract/8
https://www.uptodate.com/contents/vitamin-d-deficiency-in-adults-definition-clinical-manifestations-and-treatment/abstract/7
https://www.uptodate.com/contents/vitamin-d-and-extraskeletal-health?sectionName=CANCER&search=vitamin%20d%20deficiency%20treatment&topicRef=2022&anchor=H651662&source=see_link#H651662
https://www.uptodate.com/contents/vitamin-d-and-extraskeletal-health?sectionName=MORTALITY&search=vitamin%20d%20deficiency%20treatment&topicRef=2022&anchor=H651704&source=see_link#H651704
https://www.uptodate.com/contents/vitamin-d-deficiency-in-adults-definition-clinical-manifestations-and-treatment/abstract/13
https://www.uptodate.com/contents/image?imageKey=ENDO%2F65360&topicKey=ENDO%2F2022&search=vitamin%20d%20deficiency%20treatment&rank=1%7E150&source=see_link


9/8/22, 11:45 AM Vitamin D deficiency in adults: Definition, clinical manifestations, and treatment - UpToDate

https://www.uptodate.com/contents/vitamin-d-deficiency-in-adults-definition-clinical-manifestations-and-treatment/print?search=vitamin d deficiency tr… 3/27

Serum 25(OH)D levels vary with the assay method used, and assay variability is still a major
issue and needs to be addressed by broad adoption of an international standard [14,15]. Since
2010, the Vitamin D Standardization Program has coordinated an international effort to
standardize the laboratory measurement of 25(OH)D to the gold standard reference assays or
reference measurement procedures developed by the National Institute for Standards and
Technology (NIST), Ghent University, and the Centers for Disease Control and Prevention (CDC)
[16,17]. Vitamin D (or vitamin D-binding proteins) measured by liquid chromatography/tandem
mass spectrometry (LC-MS/MS) or a comparable high-performance liquid chromatography
(HPLC) technique when used with the NIST standard is the most accurate [18,19].

Criteria to define optimal 25(OH)D — There are several criteria by which to define the optimal
serum 25(OH)D concentration, including maximal suppression of parathyroid hormone (PTH) by
vitamin D, adequate renal production of 1,25-dihydroxyvitamin D to ensure adequate intestinal
calcium absorption, and optimal level to prevent a defined clinical endpoint (eg, fracture).

Maximal suppression of PTH – As 25(OH)D levels fall, intestinal absorption of calcium
falls, leading to a decrease in serum calcium. As a result, serum PTH concentrations rise,
resulting in stimulation of the conversion of 25(OH)D to 1,25-dihydroxyvitamin D and
thereby maintenance of absorption of calcium ( figure 1). Estimates of the 25(OH)D
concentration necessary to maximally suppress PTH vary widely, but some reports cluster
in the 27.5 to 30 ng/mL (67.5 to 75 nmol/L) range [20]. However, other experts support the
thesis that suppression of PTH by 25(OH)D follows a continuum across a wide range of
vitamin D concentrations and levels above 20 ng/mL (50 nmol/L) are adequate to suppress
PTH, assuming normal renal function [21-24].

●

Adequate intestinal calcium absorption – When 25(OH)D levels are substantially
reduced, there is insufficient substrate for its conversion to 1,25-dihydroxyvitamin D, even
with high concentrations of PTH, and intestinal calcium absorption decreases. The
25(OH)D level at which this occurs is estimated to be approximately 4.4 ng/mL (11 nmol/L)
[25-27]. Thus, serum 25(OH)D concentrations below 4.4 ng/mL (11 nmol/L) have been
associated with decreased calcium absorptive efficiency [25].

●

Fracture prevention – The optimal 25(OH)D concentration may also be defined by a
clinical endpoint, such as fracture reduction. In some trials, vitamin D supplementation to
achieve 25(OH)D levels of 28 to 40 ng/mL (70 to 99 nmol/L) lowered fracture risk [4-6].
However, in another trial, there was a higher risk of fracture in patients treated with a
single, high-dose vitamin D regimen (500,000 units once yearly) resulting in chronic serum
25(OH)D concentrations of >40 ng/mL (100 nmol/L) [7]. (See "Calcium and vitamin D
supplementation in osteoporosis", section on 'Skeletal health outcomes'.)

●
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Population differences — The optimal serum 25(OH)D concentration for skeletal health and
extraskeletal health is controversial, and it has not been rigorously established for the
population in general or for specific ethnic groups. The increase in circulating levels of vitamin
D after oral supplementation are similar in White and Black American women [28]. Black
American women have lower fracture risk than White American women, and Black American
men higher bone density than White American or Hispanic American men [29,30].

Serum 25(OH)D concentrations are variable, depending upon the assay method used. Using a
monoclonal sandwich assay in a multiethnic cohort study, low vitamin D-binding protein levels
were more common in Black than White Americans, and consequently, the amounts of
bioavailable vitamin D were similar [31]. The variability in vitamin D-binding proteins accounted
for a large proportion of the variation in serum total 25(OH)D levels. However, this finding has
been disputed because of the assay measurement [19,32]. As an example, when the vitamin D-
binding proteins were measured with LS-MS/MS, the values were not low [19], and therefore, it
is uncertain whether vitamin D-binding protein levels differ or whether there are racial
differences in serum 25(OH)D. These findings underscore the importance of the assay method
used to determine vitamin D and its binding proteins. Whether direct measurement of a
bioavailable or "free" serum 25(OH)D would be preferable to current assays for determination
of vitamin D status is uncertain. (See 'Assay issues' above.)

OPTIMAL INTAKE TO PREVENT DEFICIENCY

In 2010, the Institute of Medicine (now the National Academy of Medicine [NAM]) released a
report on dietary intake requirements for calcium and vitamin D for normal healthy persons
[35]. The Recommended Dietary Allowance (RDA) of vitamin D for children 1 to 18 years,
pregnant women, and nonpregnant adults through age 70 years is 600 international units, with
the RDA increasing to 800 international units after age 70 years.

The American Geriatrics Society (AGS) and the National Osteoporosis Foundation (NOF)
recommend a slightly higher dose of vitamin D supplementation (at least 1000 international

Adults who do not have regular, effective sun exposure year round should consume at
least 600 to 800 international units (15 to 20 micrograms) of vitamin D3 (cholecalciferol)
daily. (See 'Preparations' below.)

●

Older persons confined indoors and other high-risk groups may have low serum 25-
hydroxyvitamin D (25[OH]D) concentrations at this intake level and may require higher
intakes [33,34].

●

https://www.uptodate.com/contents/vitamin-d-deficiency-in-adults-definition-clinical-manifestations-and-treatment/abstract/28
https://www.uptodate.com/contents/vitamin-d-deficiency-in-adults-definition-clinical-manifestations-and-treatment/abstract/29,30
https://www.uptodate.com/contents/vitamin-d-deficiency-in-adults-definition-clinical-manifestations-and-treatment/abstract/31
https://www.uptodate.com/contents/vitamin-d-deficiency-in-adults-definition-clinical-manifestations-and-treatment/abstract/19,32
https://www.uptodate.com/contents/vitamin-d-deficiency-in-adults-definition-clinical-manifestations-and-treatment/abstract/19
https://www.uptodate.com/contents/vitamin-d-deficiency-in-adults-definition-clinical-manifestations-and-treatment/abstract/35
https://www.uptodate.com/contents/vitamin-d3-cholecalciferol-drug-information?search=vitamin%20d%20deficiency%20treatment&topicRef=2022&source=see_link
https://www.uptodate.com/contents/vitamin-d-deficiency-in-adults-definition-clinical-manifestations-and-treatment/abstract/33,34


9/8/22, 11:45 AM Vitamin D deficiency in adults: Definition, clinical manifestations, and treatment - UpToDate

https://www.uptodate.com/contents/vitamin-d-deficiency-in-adults-definition-clinical-manifestations-and-treatment/print?search=vitamin d deficiency tr… 5/27

units [25 micrograms], and 800 to 1000 international units daily, respectively) to older adults
(≥65 years) to reduce the risk of fractures and falls [11,12]. (See "Falls: Prevention in community-
dwelling older persons", section on 'Vitamin D supplementation'.)

Estimates of vitamin D requirements vary and depend in part on sun exposure and the
standards used to define a deficient state. The NAM committee assumed minimal sun exposure
when establishing the dietary reference intakes for vitamin D and identified a 25(OH)D level of
at least 20 ng/mL (50 nmol/L) as necessary to meet the needs of at least 97.5 percent of the
population [8,36,37], whereas other experts, including the NOF and the AGS, suggest that a
minimum level of 30 ng/mL (75 nmol/L) is necessary in older adults [11,12]. The dietary
reference intakes of the NAM were based upon data examining the beneficial effects of calcium
and vitamin D on skeletal health in the general population. The evidence supporting a benefit of
vitamin D on extraskeletal outcomes was inconsistent, inconclusive as to causality, and
insufficient and, therefore, could not serve as a basis for dietary reference intake development.
(See "Calcium and vitamin D supplementation in osteoporosis", section on 'Skeletal health
outcomes' and "Vitamin D and extraskeletal health".)

VITAMIN D DEFICIENCY

Prevalence — The prevalence of vitamin D deficiency depends upon the definition used. In a
systematic review of vitamin D status in different regions of the world, vitamin D levels <20
ng/mL (50 nmol/L) were prevalent in a majority of the regions studied [38]. Data from the
National Health and Nutrition Examination Surveys (NHANES) showed no change in the
prevalence of vitamin D deficiency (defined as <12 ng/mL [<30 nmol/L]) and a decline in
prevalence of vitamin D insufficiency (defined as 12 to 19 ng/mL [30 to 49 nmol/L]) between
2003 to 2014. In the 2011 to 2014 survey, the prevalence in the United States of vitamin D <12
ng/mL was 5 percent, and for vitamin D of 12 to 19 ng/mL, 18 percent [39].

Causes — There are several causes of vitamin D deficiency, including decreased intake or
absorption, reduced sun exposure, increased hepatic catabolism, decreased endogenous
synthesis (via decreased 25-hydroxylation in the liver or 1-hydroxylation in the kidney), or end-
organ resistance to vitamin D ( table 1). In patients with 1-alpha hydroxylase deficiency or
end-organ resistance to vitamin D, the serum 25(OH)D is typically within the normal range, not
reduced. This topic is reviewed in more detail separately. (See "Causes of vitamin D deficiency
and resistance" and "Overview of rickets in children", section on 'Laboratory findings'.)

Groups at high risk — Older persons confined indoors may have low serum 25(OH)D
concentrations. Cutaneous production of vitamin D declines with age and in the northern
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latitudes [3]. In addition, dietary vitamin D intake is often low in older individuals. As an
example, in a study of postmenopausal women living in France, mean daily vitamin D intake
from food was 144.8 international units /day [40]. More than one-third of women consumed
<100 units/day from food.

Vitamin D insufficiency appears to be common among several other populations [41-48],
including those who are:

And those who have:

Candidates for 25(OH)D measurements — There are few data regarding screening for vitamin
D deficiency in asymptomatic adults or during pregnancy [49-52]. Most experts agree that it is
not necessary to perform broad-based screening of serum 25(OH)D levels in the general
population or during pregnancy [37,49,53]. Normal-risk adults do not need assessment. In
individuals who are in the high-risk groups described above, however, it is appropriate to
measure serum 25(OH)D, to supplement with the amount estimated to be needed to reach the
target 25(OH)D level, and then to remeasure three to four months later to verify that the target
has been achieved. (See 'Vitamin D replacement' below and 'Monitoring' below.)

We also typically measure vitamin D in pregnant women who are obese, wear protective
clothing, have a history of malabsorption (celiac disease, inflammatory bowel disease), or have
other risk factors for vitamin D deficiency [46,47].

Clinical manifestations — The clinical manifestations of vitamin D deficiency depend upon the
severity and duration of the deficiency. The majority of patients with moderate to mild vitamin
D deficiency (serum 25[OH]D between 15 and 20 ng/mL [37.5 to 50 nmol/L]) are asymptomatic.
Serum calcium, phosphorus, and alkaline phosphatase are typically normal. Serum parathyroid
hormone (PTH) levels have been reported to be elevated in as many as 40 and 51 percent of

Taking medications that accelerate the metabolism of vitamin D (eg, phenytoin)●

Hospitalized on a general medical service●

Institutionalized●

Increased skin pigmentation●

Obesity●

Limited effective sun exposure due to protective clothing or consistent use of sun screens●

Osteoporosis●

Malabsorption, including inflammatory bowel disease and celiac disease (see "Metabolic
bone disease in inflammatory bowel disease" and "Management of celiac disease in
adults")

●
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patients with serum 25(OH)D levels less than 20 and 10 ng/mL (50 and 25 nmol/L), respectively
[54]. Patients with low vitamin D and secondary elevations in PTH are at increased risk for
having accelerated bone loss, as evidenced by low bone mass on bone densitometry (dual-
energy x-ray absorptiometry [DXA]) and fractures [55-57].

With prolonged, severe vitamin D deficiency, there is reduced intestinal absorption of calcium
and phosphorus and hypocalcemia occurs, causing secondary hyperparathyroidism, which
leads to phosphaturia, demineralization of bones, and when prolonged, osteomalacia in adults
and rickets and osteomalacia in children. Associated symptoms may then include bone pain
and tenderness, muscle weakness, fracture, and difficulty walking. Patients with nutritional
osteomalacia, from either a gastrointestinal disorder or suboptimal nutrition and inadequate
sun exposure, tend to have serum 25(OH)D levels <10 ng/mL (25 nmol/L). The clinical
manifestations and biochemical findings of osteomalacia are reviewed in detail separately. (See
"Clinical manifestations, diagnosis, and treatment of osteomalacia".)

In addition to its role in calcium and bone homeostasis, vitamin D could potentially regulate
many other cellular functions. However, there are insufficient data to confirm a causal
relationship between vitamin D deficiency and the immune, cardiovascular, and metabolic
systems. This topic is reviewed in detail elsewhere. (See "Vitamin D and extraskeletal health".)

EVALUATION

The majority of healthy adults with serum 25-hydroxyvitamin D (25[OH]D) of 12 to 20 ng/mL (30
to 50 nmol/L) do not require any additional evaluation. Patients with serum 25(OH)D levels <12
ng/mL are at risk for developing osteomalacia. In such patients, we measure serum calcium,
phosphorus, alkaline phosphatase, parathyroid hormone (PTH), electrolytes, blood urea
nitrogen (BUN), creatinine, and tissue transglutaminase antibodies (to assess for celiac disease).
Radiographs are necessary in certain settings, such as the presence of bone pain. (See "Clinical
manifestations, diagnosis, and treatment of osteomalacia", section on 'Diagnosis' and
"Diagnosis of celiac disease in adults", section on 'Serologic evaluation'.)

Some UpToDate editors also measure similar tests in patients with serum 25(OH)D between 12
and 20 ng/mL (30 and 50 nmol/L), particularly if the level is 12 to 15 ng/mL and there is clinical
concern for a secondary cause of vitamin D deficiency (eg, malabsorption, celiac disease). 
(Related Lab Interpretation Monograph(s): "Low vitamin D (25-OH vitamin D) in adults".)

We do not routinely assess bone mineral density in patients whose only risk factor is low serum
vitamin D. Patients with low vitamin D require vitamin D supplementation regardless of the
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findings on bone mineral density. However, many patients have serum vitamin D levels
assessed as part of an evaluation for known osteoporosis (diagnosed on bone mineral density
or due to a fragility fracture). In such patients with severely low vitamin D levels (and
particularly if the serum PTH is high), the need for osteoporosis therapy should be reevaluated
after vitamin D repletion. In severely vitamin D deficient patients, there can be marked
increases in bone mineral density after treatment of osteomalacia with calcium and vitamin D
supplementation, such that treatment for "osteoporosis" is not necessary. Similarly, treatment
of celiac disease with a gluten-free diet can result in significant improvement in bone mineral
density. The treatment of osteomalacia is reviewed separately. (See "Clinical manifestations,
diagnosis, and treatment of osteomalacia", section on 'Vitamin D deficiency' and "Management
of celiac disease in adults", section on 'Prevention of bone loss'.)

VITAMIN D REPLACEMENT

Vitamin D and its metabolites have a significant clinical role because of their interrelationship
with calcium homeostasis and bone metabolism. Although rickets (children) and osteomalacia
(children and adults) due to severe vitamin D deficiency are now uncommon (except in
populations with unusually low sun exposure, lack of vitamin D in fortified foods, and
malabsorptive syndromes), subclinical vitamin D deficiency, as measured by low serum 25-
hydroxyvitamin D (25[OH]D), is very common. Many patients with subclinical vitamin D
deficiency have relative hypocalcemia and high serum parathyroid hormone (PTH)
concentrations, which may contribute to the development of osteoporosis and to an increased
risk of fractures and falls in older adults. This secondary hyperparathyroidism can be
attenuated by the administration of vitamin D supplements [58-60]. (See 'Benefits of vitamin D
supplementation' below.)

Preparations — There has been debate regarding which form of vitamin D should be used for
supplementation. We suggest supplementation with cholecalciferol rather than ergocalciferol
when available.

Vitamin D3 (cholecalciferol) is available in 400, 800, 1000, 2000, 5000, 10,000, and 50,000
unit capsules. It is available in some countries as an intramuscular injection, which can be
extremely painful.

●

Vitamin D2 (ergocalciferol) is available for oral use in 400 and 50,000 unit capsules or in a
liquid form (8000 unit/mL [200 mcg/mL]). A previously available intramuscular preparation
is now difficult to obtain in the United States.

●
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Multiple preparations of vitamin D and its metabolites are available for the treatment of vitamin
D deficiency. Vitamin D, rather than its metabolites, is used when possible since the cost is less.
The two commonly available forms of vitamin D supplements are cholecalciferol (vitamin D3)
and ergocalciferol (vitamin D2). In a meta-analysis of seven randomized trials evaluating serum
25(OH)D concentrations after supplementation with cholecalciferol versus ergocalciferol,
cholecalciferol increased serum 25(OH)D more efficiently than ergocalciferol (mean difference
in serum 25[OH]D 6 ng/mL [15.23 nmol/L]) [61]. The greatest difference was seen in trials that
used weekly or monthly rather than daily dosing. This difference is of uncertain clinical
significance, however, particularly in patients with normal baseline serum 25(OH)D levels. In
addition, the trials in the meta-analysis used varying doses and treatment time periods,
resulting in significant heterogeneity among studies.

Dosing — The amount of vitamin D required to effectively treat vitamin D deficiency depends,
in part, upon the baseline level of serum 25(OH)D and also upon an individual's vitamin D
absorptive capacity, capacity to convert vitamin D to 25(OH)D in the liver, and, to some extent,
unknown genetic determinants.

In patients with normal absorptive capacity, for every 100 units (2.5 mcg) of added vitamin D3,
serum 25(OH)D concentrations increase by approximately 0.7 to 1.0 ng/mL (1.75 to 2.5 nmol/L),
with the larger increments seen in patients with lower baseline 25(OH)D levels. The increment
declines as the 25(OH)D concentration increases above 40 ng/mL (100 nmol/L) [62-64].

For patients with serum 25(OH)D <12 ng/mL (30 nmol/L), not infrequently associated with
hypocalcemia and osteomalacia, we typically treat with 50,000 international units (1250
micrograms) of vitamin D2 or D3 orally once per week for six to eight weeks, and then 800
international units (20 micrograms) of vitamin D2 or D3 daily thereafter. However, the
efficacy of this practice compared with daily, weekly, or monthly dosing has not been
rigorously established. (See "Clinical manifestations, diagnosis, and treatment of
osteomalacia", section on 'Vitamin D deficiency'.)

●

For individuals with serum vitamin D levels of 12 to 20 ng/mL, we initially supplement with
800 to 1000 international units (20 to 25 micrograms) daily. A repeat serum 25(OH)D level
should be obtained after approximately three months of therapy to assure obtaining the
goal serum 25(OH)D level. If goal level is not achieved, higher doses may be necessary.
(See 'Monitoring' below.)

●

For individuals with serum 25(OH)D levels of 20 to 30 ng/mL (50 to 75 nmol/L), 600 to 800
units (15 to 20 micrograms) of vitamin D2 or D3 daily may be sufficient to maintain levels
in the target range. (See 'Defining vitamin D sufficiency' above.)

●
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Multiple dosing regimens have been shown to treat vitamin D deficiency effectively [65-67].
Although large, intermittent (eg, monthly, yearly) doses of vitamin D3 increase serum 25(OH)D
levels, we do not use them in patients with normal absorptive capacity. In one trial, a large,
annual oral dose of 500,000 international units of vitamin D3 had the undesirable effect of
increasing falls and fractures in older adults [7]. Additionally, monthly dosing with 60,000
international units [68] and 100,000 international units [69] has had the undesirable effect of
increasing risk of falling in older adults and nursing home residents, respectively. (See "Falls:
Prevention in community-dwelling older persons", section on 'Vitamin D supplementation'.)

Special populations

Pregnancy — The optimal serum 25(OH)D level in pregnancy is unknown but should be at
least 20 ng/mL (50 nmol/L). For routine supplementation, we agree with the 2010 Institute of
Medicine (IOM, now the National Academy of Medicine [NAM]) report suggesting a
recommended daily allowance of 600 international units vitamin D for all reproductive-age
women, including during pregnancy and lactation [35]. In a 2011 American College of
Obstetricians and Gynecologists (ACOG) Committee Opinion, ACOG recommended routine
supplementation with the dose in a standard prenatal vitamin until more evidence is available
to support a different dose [49]. Most prenatal vitamins contain 400 international units (10
micrograms) of vitamin D (cholecalciferol, ergocalciferol, or a mixture), but some preparations
contain as little as 200 or as much as 1000 to 1200 international units (5 or as much as 25 to 30
micrograms) per serving.

In pregnant women with vitamin D deficiency, the safety of 50,000 international units (1250
micrograms) of vitamin D weekly for six to eight weeks has not been adequately studied, so
some UpToDate editors treat vitamin D-deficient and insufficient pregnant women more slowly
by giving a total of 600 to 800 international units (15 to 20 micrograms) of vitamin D3 daily. For
pregnant women with vitamin D deficiency, other UpToDate editors agree with ACOG that 1000
to 2000 international units (25 to 50 micrograms) of vitamin D daily is safe [49] and may be
necessary to maintain a blood level of 25(OH)D >30 ng/mL. Urinary calcium excretion increases

For patients with malabsorption, oral dosing and duration of treatment depend upon the
vitamin D absorptive capacity of the individual patient. High doses of vitamin D of 10,000
to 50,000 international units (250 to 1250 micrograms) daily may be necessary to treat
patients with gastrectomy or malabsorption. Patients who remain deficient or insufficient
on such doses will need to be treated with hydroxylated vitamin D metabolites because
they are more readily absorbed, or with sun or sunlamp exposure. (See 'Malabsorption'
below and 'Vitamin D metabolites' below and 'Ultraviolet B exposure' below.)

●
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in pregnancy, and it should be monitored when treating vitamin D deficiency, especially in
women with a history of renal stones.

There are a growing number of trials examining the efficacy and safety of vitamin D
supplementation in pregnant women [47,70-73]. In one trial of vitamin D supplementation (400,
2000, or 4000 international units D3 daily) in 192 pregnant Arab women (12 to 16 weeks
gestation) with severe vitamin D deficiency (mean serum 25[OH]D 8.2 ng/mL [20.5 nmol/L]), all
doses were safe, and the highest dose was most effective in increasing vitamin D levels to 32
ng/mL [70]. There were no significant differences in the mean birth weight, length, head
circumference, and gestational age among the groups.

Trials evaluating the effect of vitamin D supplementation on maternal and infant health
outcomes are reviewed in more detail separately. (See "Vitamin D and extraskeletal health",
section on 'Pregnancy outcomes'.)

Chronic kidney disease — Patients with an estimated glomerular filtration rate (eGFR) >30
mL/min who have no biochemical evidence for chronic kidney disease-metabolic bone disease
(CKD-MBD) (eg, hyperparathyroidism, hyperphosphatemia) should have similar vitamin D
supplementation as patients with normal renal function. As renal failure progresses (eGFR <30
mL/min), calcitriol (1,25 dihydroxyvitamin D) production may be low due to diminished
glomerular filtration, loss of the 1-alpha-hydroxylase enzyme secondary to structural renal
compromise, and suppression of enzyme activity secondary to hyperphosphatemia. The net
result is a tendency to hypocalcemia, secondary hyperparathyroidism, and bone disease.
Vitamin D repletion in this population is reviewed separately.

Malabsorption — For patients with malabsorption, oral dosing and duration of treatment
depend upon the vitamin D-absorptive capacity of the individual patient. High doses of vitamin
D of 10,000 to 50,000 international units daily (250 to 1250 micrograms) may be necessary to
treat patients with gastrectomy or malabsorption. (See "Bariatric surgery: Postoperative
nutritional management", section on 'Fat-soluble vitamins'.)

Patients who remain deficient or insufficient on such doses will need to be treated with
hydroxylated vitamin D metabolites (eg, calcidiol or calcitriol) because they are more readily
absorbed, or with sun or sunlamp exposure. (See 'Ultraviolet B exposure' below.)

Calcidiol (25[OH]D), which is more hydrophilic than cholecalciferol or ergocalciferol, can be
useful in correcting vitamin D deficiency in some patients with fat malabsorption, in particular
patients with substantial steatorrhea. The onset of action is more rapid, and the half-life of two
to three weeks is shorter than that of vitamin D3 and similar to that of vitamin D2. When
available, a typical initial dose is 20 to 40 micrograms daily [74]. Vitamin D deficiency in patients
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with severe liver disease can be treated with doses of 50 to 200 micrograms/day [75]. If calcidiol
is not readily available, calcitriol may be used in patients who remain deficient after treatment
with vitamin D2 or vitamin D3. (See 'Vitamin D metabolites' below.)

For patients taking calcidiol, monitoring is the same as in patients without malabsorption. A
repeat 25(OH)D measurement is performed approximately three to four months after initiating
therapy. The dose of vitamin D may require further adjustment and additional measurements
of 25(OH)D. (See 'Monitoring' below.)

For patients using calcitriol as a supplement, 25(OH)D levels do not indicate clinical vitamin D
status. Calcitriol is associated with a fairly high incidence of hypercalcemia, so the serum
calcium should be monitored carefully. Monitoring serum 1,25-dihydroxyvitamin D levels is not
useful. (See 'Vitamin D metabolites' below.)

Coexisting primary hyperparathyroidism — Some patients with vitamin D deficiency have
coexisting primary hyperparathyroidism that is not recognized until vitamin D is supplemented.
Hypercalcemia may not be evident initially if the vitamin D deficiency is severe. Calcium
concentrations are normal or at the upper-end of the normal range and PTH concentrations are
elevated. Vitamin D replacement in these individuals should be provided cautiously as
hypercalcemia and hypercalciuria may develop. (See "Primary hyperparathyroidism:
Management", section on 'Concomitant vitamin D deficiency'.)

In contrast, in individuals with clinically significant vitamin D deficiency and secondary
hyperparathyroidism, calcium concentrations are generally normal or at the lower-end of
normal (rarely below normal) and PTH concentrations are mildly elevated. The PTH level should
return to normal upon vitamin D repletion.

If there is uncertainty as to whether an individual with vitamin D deficiency has primary or
secondary hyperparathyroidism, an assessment of urinary calcium is sometimes helpful.
Urinary calcium will be extremely low in patients with vitamin D deficiency and secondary
hyperparathyroidism, and it may not normalize for weeks to months as skeletal healing occurs.
Urinary calcium may be low or normal in individuals with vitamin D deficiency and primary
hyperparathyroidism, but it will increase rapidly with vitamin D repletion. (See "Primary
hyperparathyroidism: Management", section on 'Concomitant vitamin D deficiency'.)

Monitoring — Although healthy adults initiating vitamin D supplementation (600 to 800
international units daily) do not require an initial or follow-up serum 25(OH)D measurement
after starting supplementation, patients being treated specifically for serum 25(OH)D <20
ng/mL (50 nmol/L) require a repeat 25(OH)D measurement approximately three to four months

https://www.uptodate.com/contents/vitamin-d-deficiency-in-adults-definition-clinical-manifestations-and-treatment/abstract/75
https://www.uptodate.com/contents/calcitriol-drug-information?search=vitamin%20d%20deficiency%20treatment&topicRef=2022&source=see_link
https://www.uptodate.com/contents/calcitriol-drug-information?search=vitamin%20d%20deficiency%20treatment&topicRef=2022&source=see_link
https://www.uptodate.com/contents/primary-hyperparathyroidism-management?sectionName=CONCOMITANT%20VITAMIN%20D%20DEFICIENCY&search=vitamin%20d%20deficiency%20treatment&topicRef=2022&anchor=H22&source=see_link#H22
https://www.uptodate.com/contents/primary-hyperparathyroidism-management?sectionName=CONCOMITANT%20VITAMIN%20D%20DEFICIENCY&search=vitamin%20d%20deficiency%20treatment&topicRef=2022&anchor=H22&source=see_link#H22


9/8/22, 11:45 AM Vitamin D deficiency in adults: Definition, clinical manifestations, and treatment - UpToDate

https://www.uptodate.com/contents/vitamin-d-deficiency-in-adults-definition-clinical-manifestations-and-treatment/print?search=vitamin d deficiency t… 13/27

after initiating therapy. The dose of vitamin D may require further adjustment and additional
measurements of 25(OH)D.

As an example, patients who have substantially increased their serum 25(OH)D level but who
have not reached an optimal 25(OH)D concentration after an initial course of treatment (eg,
vitamin D 800 to 1000 international units), may require a higher dose (eg, 2000 international
units daily). Alternatively, patients who are treated but remain substantially below the optimal
serum 25(OH)D level may require treatment with high-dose vitamin D (50,000 international
units once weekly for six to eight weeks). The dose of vitamin D may require further adjustment
after additional measurements of 25(OH)D.

For such patients who are compliant with vitamin D supplementation but have no or minimal
increase in the serum 25(OH)D levels, we measure tissue transglutaminase antibodies to assess
for celiac disease. (See "Diagnosis of celiac disease in adults".)

Adverse effects — The first measurable consequences of vitamin D toxicity are hypercalciuria
and hypercalcemia, which have been observed only at 25(OH)D levels above 88 ng/mL (220
nmol/L) [76-78]. In 2010, the IOM defined the Safe Upper Limit for vitamin D as 4000
international units/day [35]. (See "Overview of vitamin D", section on 'Excess'.)

Many patients, especially older adults, take vitamin and mineral supplements that contain
vitamin D. The patient may not be aware that these supplements contain vitamin D. It is
important to inquire about additional dietary supplements that patients may be taking before
prescribing extra vitamin D.

Vitamin D metabolites — Vitamin D metabolites can be used to treat vitamin D deficiency,
particularly when there is abnormal vitamin D metabolism (renal or liver disease). The
recommended preparation and dose vary with the clinical condition. (See "Overview of vitamin
D", section on 'Metabolism'.)

Calcidiol – Calcidiol (25[OH]D) is available in a variety of strengths. It does not require
hepatic 25-hydroxylation, and is therefore most useful in patients with liver disease.
Calcidiol, which is more hydrophilic than cholecalciferol or ergocalciferol, can also be
useful in correcting vitamin D deficiency in some patients with fat malabsorption. The
onset of action is more rapid and the half-life of two to three weeks is shorter than that of
vitamin D3 and similar to that of vitamin D2. Vitamin D deficiency in patients with severe
liver disease can be treated with calcidiol (30 to 200 micrograms/day) [75,79].

●

Calcitriol – If calcidiol is not readily available, calcitriol may be used in patients who
remain deficient after treatment with vitamin D2 or vitamin D3. Calcitriol (1,25-

●
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Ultraviolet B exposure — Artificial ultraviolet B (UVB) radiation exposure from tanning beds
(sunbeds, sunlamps) is effective in increasing and maintaining serum 25(OH)D levels [80-82].
However, because there are no defined safe exposure limits for UVB exposure [83], we do not
typically use UVB radiation to treat vitamin D deficiency. One possible exception is patients with
malabsorption who remain vitamin D deficient even with high-dose, oral supplementation
(50,000 international units daily). In such patients, serum 25(OH)D levels should be monitored
to determine the optimal UVB dose and frequency.

Calcium — All patients should maintain a daily total calcium intake (diet plus supplement) of
1000 mg (for ages 19 to 70 years) to 1200 mg (for women ages 51 through 70 years and all
adults 71 years and older) [35]. The Upper Level (UL) of intake for calcium in most adults is 2000
to 2500 mg daily. However, a higher calcium dose (up to 4 g/day) may be necessary in patients
with malabsorption. (See "Metabolic bone disease in inflammatory bowel disease", section on
'Calcium and vitamin D'.)

BENEFITS OF VITAMIN D SUPPLEMENTATION

Skeletal — Evidence supporting the skeletal benefits of calcium and vitamin D supplementation
comes largely from prospective, randomized, placebo-controlled studies of calcium and vitamin

dihydroxyvitamin D) is available in capsules of 0.25 and 0.5 micrograms. It is most useful
in those with decreased synthesis of calcitriol, as occurs in chronic renal failure or in type 1
vitamin D-dependent rickets (due to an inactivating mutation in the 1-hydroxylase gene).
(See "Management of secondary hyperparathyroidism in adult dialysis patients" and
"Management of secondary hyperparathyroidism in adult nondialysis patients with
chronic kidney disease" and "Etiology and treatment of calcipenic rickets in children",
section on '1-alpha-hydroxylase deficiency'.)

Calcitriol has a rapid onset of action and a half-life is only six hours. It is associated with a
fairly high incidence of hypercalcemia, so the serum calcium should be monitored
carefully. If using calcitriol as a supplement, 25(OH)D levels do not indicate clinical vitamin
D status.

Dihydrotachysterol – Dihydrotachysterol is available as tablets of 0.125, 0.2, and 0.5 mg.
It is functionally equivalent to 1-alpha-hydroxyvitamin D. It requires hepatic 25-
hydroxylation prior to becoming therapeutically active. Dihydrotachysterol can be used in
the disorders for which calcitriol is used. It has a rapid onset of action and a relatively
short duration of action.

●
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D in community-dwelling older individuals. The details of the protocols and overall results of the
studies are reviewed separately. (See "Calcium and vitamin D supplementation in osteoporosis",
section on 'Skeletal health outcomes'.)

Prevention of falls — Vitamin D supplementation may also contribute to a reduction in fracture
risk due to improved muscle function and a reduction in the risk of falls. This topic is reviewed
separately. (See "Falls: Prevention in community-dwelling older persons", section on 'Vitamin D
supplementation'.)

Extraskeletal benefits — In addition to improvements in bone density and prevention of
fracture, vitamin D may have several other putative benefits, including beneficial effects on the
immune and cardiovascular systems. (See "Vitamin D and extraskeletal health".)

SOCIETY GUIDELINE LINKS

Links to society and government-sponsored guidelines from selected countries and regions
around the world are provided separately. (See "Society guideline links: Vitamin D deficiency".)

INFORMATION FOR PATIENTS

UpToDate offers two types of patient education materials, "The Basics" and "Beyond the
Basics." The Basics patient education pieces are written in plain language, at the 5  to 6  grade
reading level, and they answer the four or five key questions a patient might have about a given
condition. These articles are best for patients who want a general overview and who prefer
short, easy-to-read materials. Beyond the Basics patient education pieces are longer, more
sophisticated, and more detailed. These articles are written at the 10  to 12  grade reading
level and are best for patients who want in-depth information and are comfortable with some
medical jargon.

Here are the patient education articles that are relevant to this topic. We encourage you to print
or e-mail these topics to your patients. (You can also locate patient education articles on a
variety of subjects by searching on "patient info" and the keyword(s) of interest.)

th th

th th

Basics topics (see "Patient education: Vitamin D deficiency (The Basics)" and "Patient
education: Calcium and vitamin D for bone health (The Basics)")

●

Beyond the Basics topics (see "Patient education: Vitamin D deficiency (Beyond the
Basics)" and "Patient education: Calcium and vitamin D for bone health (Beyond the

●
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SUMMARY AND RECOMMENDATIONS

Basics)")

Defining vitamin D sufficiency – The optimal serum 25-hydroxyvitamin D (25[OH]D)
concentration for skeletal health and extraskeletal health is controversial, and it has not
been rigorously established for the population in general or for specific ethnic groups. We
favor maintaining the serum 25(OH)D concentration between 20 and 40 ng/mL (50 to 100
nmol/L). (See 'Defining vitamin D sufficiency' above.)

●

Causes of vitamin D deficiency – There are several causes of vitamin D deficiency,
including decreased intake or absorption, reduced sun exposure, increased hepatic
catabolism, decreased endogenous synthesis (via decreased 25-hydroxylation in the liver
or 1-hydroxylation in the kidney), or end-organ resistance to vitamin D ( table 1). (See
'Causes' above and "Causes of vitamin D deficiency and resistance".)

●

Clinical manifestations – The clinical manifestations of vitamin D deficiency depend upon
the severity and duration of the deficiency. The majority of patients with serum 25(OH)D
between 12 and 20 ng/mL (37.5 and 50 nmol/L) are asymptomatic. With prolonged severe
vitamin D deficiency, there is reduced intestinal absorption of calcium and phosphorus
and hypocalcemia occurs, causing secondary hyperparathyroidism, which leads to
phosphaturia, demineralization of bones, and, when prolonged, osteomalacia in adults.
(See 'Clinical manifestations' above and "Clinical manifestations, diagnosis, and treatment
of osteomalacia".)

●

Approach to testing for vitamin D deficiency – The approach to testing is based upon
an initial assessment of a patient's risk for having a low serum 25(OH)D level. For low-risk
adults, we suggest not routinely screening individuals for vitamin D deficiency (Grade 2C).
Rather than screen, we suggest intake of 600 to 800 international units (15 to 20
micrograms) of vitamin D daily (Grade 2B). (See 'Optimal intake to prevent deficiency'
above.)

●

For high-risk adults in whom there is a clinical suspicion that the usual doses are
inadequate (eg, older homebound or institutionalized individuals, those with limited sun
exposure, obesity, dark skin, osteoporosis, malabsorption), measurement of serum
25(OH)D concentration is useful to ensure that supplementation is adequate. (See 'Groups
at high risk' above and 'Candidates for 25(OH)D measurements' above.)
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Evaluation – The majority of healthy adults with serum 25(OH)D in the range of 12 to 20
ng/mL (30 to 50 nmol/L) do not require any additional evaluation. Patients with serum
25(OH)D levels <12 ng/mL are at risk for developing osteomalacia. In such patients, we
measure serum calcium, phosphorus, alkaline phosphatase, parathyroid hormone (PTH),
electrolytes, blood urea nitrogen (BUN), creatinine, and tissue transglutaminase
antibodies (to assess for celiac disease). Some UpToDate editors also measure similar tests
in patients with serum 25(OH)D between 12 and 20 ng/mL, particularly if the level is 12 to
15 ng/mL (30 to 37.5 nmol/L) and there is clinical concern for a secondary cause of vitamin
D deficiency (eg, malabsorption, celiac disease). Radiographs are necessary only in certain
settings, such as the presence of bone pain. (See 'Evaluation' above.)

●

Vitamin D replacement – For high-risk adults with serum 25(OH)D levels <20 ng/mL (50
nmol/L), we recommend vitamin D replacement (Grade 1A). (See 'Defining vitamin D
sufficiency' above.)

●

<12 ng/mL (30 nmol/L) – For patients with serum 25(OH)D <12 ng/mL, we typically
treat with 50,000 international units (1250 micrograms) of vitamin D2 or D3 orally once
per week for six to eight weeks, and then 800 international units (20 micrograms) of
vitamin D2 or D3 daily thereafter. (See 'Dosing' above.)

•

12 to 20 ng/mL (30 to 50 nmol/L) – For individuals with serum 25(OH)D levels in the
range of 12 to 20 ng/mL (30 to 50 nmol/L), we often supplement initially with 800 to
1000 international units (20 to 25 micrograms) daily. If goal level is not achieved, higher
doses may be necessary. (See 'Dosing' above.)

•

>20 to 30 ng/mL (50 to 75 nmol/L) – For individuals with serum 25(OH)D levels of >20
to 30 ng/mL (50 to 75 nmol/L), 600 to 800 international units (15 to 20 micrograms) of
vitamin D2 or D3 daily may be sufficient to maintain levels in the target range. (See
'Dosing' above.)

•

These dosing recommendations assume that the patient is not vitamin D resistant (see
"Hypophosphatemia: Causes of hypophosphatemia", section on 'Vitamin D deficiency or
resistance' and "Epidemiology and etiology of osteomalacia"). Such patients need a higher
dose of vitamin D.

Vitamin D preparations – We suggest cholecalciferol (vitamin D3), when available, rather
than ergocalciferol (vitamin D2) for vitamin D supplementation (Grade 2C). (See
'Preparations' above.)

●
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GRAPHICS

Pathways of vitamin D synthesis

Metabolic activation of vitamin D to calcitriol and its effects on
calcium and phosphate homeostasis. The result is an increase in the
serum calcium and phosphate concentrations.

UV: ultraviolet; Ca: calcium.
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Causes of vitamin D deficiency or resistance

Deficient intake or absorption

Dietary

Malabsorption

Gastric bypass (bariatric surgery, gastrectomy)

Small bowel disease

Pancreatic insufficiency

Decreased skin synthesis

Inadequate sunlight exposure

Full sunscreen use

Darkly pigmented skin

Defective 25-hydroxylation

Cirrhosis

Increased catabolism of vitamin D to inactive metabolites

Antiseizure medications

Loss of vitamin D binding protein

Nephrotic syndrome

Defective 1-alpha 25-hydroxylation

Hypoparathyroidism

Renal failure

1-alpha hydroxylase deficiency (vitamin D-dependent rickets, type 1)

Defective target organ response to calcitriol

Hereditary vitamin D-resistant rickets (vitamin D-dependent rickets, type 2)
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