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Introduction

Physiology

Vitamin D is a fat-soluble vitamin that is naturally present 
in very few foods, added to others, and available as a dietary 
supplement. It is also produced endogenously when ultraviolet 
rays from sunlight strike the skin and trigger vitamin D synthesis. 
Vitamin D obtained from sun exposure, food, and supplements is 
biologically inert and must undergo two hydroxylations in the 
body for activation. The first occurs in the liver and converts 
vitamin D to 25-hydroxyvitamin D [25(OH)D], also known as 
calcidiol. The second occurs primarily in the kidney and forms the 
physiologically active 1,25-dihydroxyvitamin D [1,25(OH)2D], 
also known as calcitriol [1]. Vitamin D promotes calcium 
absorption in the gut and maintains adequate serum calcium 
and phosphate concentrations to enable normal mineralization 
of bone and to prevent hypocalcemic tetany. It is also needed for 
bone growth and bone remodeling by osteoblasts and osteoclasts 
[1,2]. Without sufficient vitamin D, bones can become thin, 
brittle, or misshapen. Vitamin D sufficiency prevents rickets in 
children and osteomalacia in adults [1]. Together with calcium, 
vitamin D also helps protect older adults from osteoporosis [3]. 
Vitamin D also has other roles in the body, including modulation  

 
of cell growth, neuromuscular and immune function, and 
reduction of inflammation [1,4,5]. Many genes encoding proteins 
that regulate cell proliferation, differentiation, and apoptosis are 
modulated in part by vitamin D [1]. Many cells have vitamin D 
receptors, and some convert 25(OH)D to 1,25(OH)2D. Given 
the high rate of bone development early in life, adequate serum 
concentrations of vitamin D are crucial for the developing child. 
There has also been a piquing interest in vitamin D in pediatric 
patients due to the recent epidemiologic reports suggesting that 
vitamin D may protect against autoimmune disease and play a 
role in innate immunity [6].

UV Source
Most people meet at least some of their vitamin D needs 

through exposure to sunlight [1,2]. Ultraviolet (UV) B radiation 
with a wavelength of 290–320 nanometers penetrate uncovered 
skin and converts cutaneous 7-dehydrocholesterol to previtamin 
D3, which in turn becomes vitamin D3 [1]. Season, time of 
day, length of day, cloud cover, smog, skin melanin content, 
and sunscreen are among the factors that affect UV radiation 
exposure and vitamin D synthesis [1]. Perhaps surprisingly, 
geographic latitude does not consistently predict average serum 
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25(OH)D levels in a population. Ample opportunities exist to 
form vitamin D (and store it in the liver and fat) from exposure 
to sunlight during the spring, summer, and fall months, even 
in the far north latitudes [1]. However, this requires spending 
adequate time outdoors in the sunshine, without blocking the 
UV radiation using clothing or sunscreen.

Food Sources
Very few foods in nature contain vitamin D. The flesh of fatty 

fish (such as salmon, tuna, and mackerel) and fish liver oils are 
among the best sources [1,7]. Small amounts of vitamin D are 
found in beef liver, cheese, and egg yolks. Vitamin D in these 
foods is primarily in the form of vitamin D3 and its metabolite 
25(OH)D3 [8]. Some mushrooms provide vitamin D2 in variable 
amounts [9,10]. Mushrooms with enhanced levels of vitamin 
D2 from being exposed to ultraviolet light under controlled 
conditions are also available. Fortified foods provide most of 
the vitamin D in the American diet [1,9]. Fortification of cow’s 
milk with vitamin D began in the United States during the 1930s, 
largely as an effort to combat rickets, a major public health 
problem at the time [9]. Almost all milk available in the U.S. is 
now fortified with 100 IU/cup of vitamin D2 [11]. In Canada, 
milk is fortified by law with 35–40 IU/100 mL, as is margarine 
at ≥530 IU/100 g. However, other dairy products made from 
milk, such as cheese and ice cream, are generally not fortified. 
Ready-to-eat breakfast cereals often contain added vitamin D, 
as do some brands of orange juice, yogurt, margarine and other 
food products. Dairy-free milks, and other dairy substitutes, 
often have vitamin D added to them. Both the United States and 
Canada mandate the fortification of infant formula with vitamin 
D: 40–100 IU/100 kcal in the United States and 40–80 IU/100 
kcal in Canada [1].

Lactation
Vitamin D requirements cannot ordinarily be met by human 

milk alone [12], Breast milk contains very little vitamin D, an 
average of 22 units/L (range 15 to 50 units/L) in a vitamin 
D-sufficient mother [13]. The vitamin D content of human 
milk is related to the mother’s vitamin D status, so mothers 
who supplement with high doses of vitamin D may have 
correspondingly high levels of this nutrient in their milk [14]. 
Recent studies suggest that maternal intake of higher than 
recommended doses of vitamin D (4000 to 6400 units daily) 
may achieve vitamin D concentrations in breast milk to provide 
sufficient vitamin D supplementation for breastfeeding infants. 
However, this approach is not recommended [14,15]. While 
the sun is a potential source of vitamin D, the AAP (American 
Academy of Pediatrics) advises keeping infants out of direct 
sunlight and having them wear protective clothing and sunscreen 
[16]. 

Deficiency
The disease of rickets is fortunately rare today, but it does 

still occur. A review of reports of nutritional rickets found that 

a majority of cases occurred among young, breastfed African 
Americans [17]. A survey of Canadian pediatricians found the 
incidence of rickets in their patients to be 2.9 per 100,000; almost 
all those with rickets had been breastfed [18]. Due to the low 
vitamin D concentrations found in breast milk, and the advice 
to avoid the sun, the newest recommendation for exclusively 
and partially breastfed infants is to provide a supplement of 400 
units per day to the infant (increased from 200 units per day) 
[3,14]. While rickets is rare, unfortunately, Vitamin D deficiency 
remains a significant problem. Large percentages of people in all 
races, ethnicities, and ages show a high prevalence of Vitamin 
D deficiency. In one study, insufficient vitamin D levels were 
found in 41.6% of a large sample size. Race was identified as a 
significant risk factor, with African American adults having the 
highest prevalence rate of vitamin D deficiency at 82% followed 
by Hispanic adults at 63% [11,19]. 

Those adults at greatest risk of vitamin D deficiency 
include patients with chronic illnesses (e.g., chronic kidney 
disease, cystic fibrosis, asthma, and sickle cell disease), dark-
pigmented skin, poor nutrition [6,20,21]. Chronic use of certain 
medications (e.g., glucocorticoids, cytochrome P450 3A4 
inducers, anticonvulsants, and anti-retroviral agents) has also 
been associated with compromised vitamin D concentrations 
[6].

Diagnosis
Table 1: Serum 25-Hydroxyvitamin D [25(OH)D] Concentrations and 
Health* [1].

nmol/L** ng/mL* Health status

<30 <12
Associated with vitamin D deficiency, leading 
to rickets in infants and children and osteo-

malacia in adults

30 to <50 12 to <20 Generally considered inadequate for bone 
and overall health in healthy individuals

≥50 ≥20 Generally considered adequate for bone and 
overall health in healthy individuals

>125 >50
Emerging evidence links potential adverse 

effects to such high levels, particularly >150 
nmol/L (>60 ng/mL)

*Serum concentrations of 25(OH)D are reported in both nanomoles per 
liter (nmol/L) and nanograms per milliliter (ng/mL). ** 1 nmol/L = 0.4 ng/
mL

Serum concentration of 25(OH)D is the best indicator 
of vitamin D status. It reflects both vitamin D produced 
cutaneously and that obtained from food and supplements [1] 
and has a fairly long circulating half-life of 15 days [B]. 25(OH)D 
functions as a biomarker of exposure, but it is not clear to what 
extent 25(OH)D levels also serve as a biomarker of effect (i.e., 
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relating to health status or outcomes) [1]. Serum 25(OH)D levels 
do not indicate the amount of vitamin D stored in body tissues. 
In contrast to 25(OH)D, circulating 1,25(OH)2D is generally 
not a good indicator of vitamin D status because it has a short 
half-life of 15 hours and serum concentrations are closely 
regulated by parathyroid hormone, calcium, and phosphate [22]. 
Levels of 1,25(OH)2D do not typically decrease until vitamin 
D deficiency is severe [2,6]. Desirable concentrations of Serum 
25-Hydroxyvitamin D (25(OH)D) (Table 1).

Vegans
While there has been some concern that vegans and 

vegetarians might have inadequate levels of 25(OH)D, studies 
have shown that vegans do have adequate levels. Therefore, 
vegans do not run a risk of deficiency any higher than their meat-
eating counterparts or require more monitoring or intervention. 
A study of Danish vegans showed that they had an average 
57nmol/l 25(OH)D [23]. This result is similar to a British study 
which showed that vegans had an average 25(OH)D of 56 nmol/l 
25(OH)D [24]. An American study of a group containing both 
vegetarians and vegans showed an average level of 25(OH)D at 
77nmol/l [25].

Supplements D2 vs D3
In supplements and fortified foods, vitamin D is available 

in two forms, D2 (ergocalciferol) and D3 (cholecalciferol) that 
differ chemically only in their side-chain structure. Vitamin 
D2 is manufactured by the UV irradiation of ergosterol in 
yeast, and vitamin D3 is manufactured by the irradiation of 
7-dehydrocholesterol from lanolin and the chemical conversion 
of cholesterol [6]. Vitamin D2 has been the mainstay for the 
revention and treatment of vitamin D deficiency in children and 
adults for more than 90 years [6,26]. As little as 100 IU vitamin 
D2 was found to be effective in the prevention of rickets [26-28]. 
It is commonly used for supplementation and food fortification. 
Vitamin D2 is more acceptable to those on a plant-based 
diet because it is not derived from animals. Vitamin D3 is the 
endogenous form of vitamin D produced by keratinocytes in the 
skin in response to ultraviolet B radiation from sunlight. Both 
forms of vitamin D are hydroxylated in the liver to 25(OH)D. It 
has been suggested that vitamin D3 may be superior to vitamin 
D2 in sustaining adequate 25(OH)D values in adults [29,30] 
because 25(OH)D2 may bind less avidly to vitamin D binding 
protein and be cleared more rapidly than 25(OH)D3. However, 
others have found that regular supplementation with both forms 
of vitamin D, at common doses of say 1000 IU daily, were equally 
effective in maintaining 25(OH)D levels [31,32]. 

In children, both vitamins D2 and D3 similarly increase serum 
25(OH)D concentrations in rachitic and healthy children [33]. 
Even if vitamin D3 was more efficacious than vitamin D2 under 
special circumstances, it can still be used with equal efficacy by 
simply raising the dose of D2. Both vitamin D2 and vitamin D3 
are available as supplements, but only vitamin D2 is available 

as a pharmaceutical preparation because its use predated the 
Food and Drug Administration and was thus grandfathered as a 
pharmaceutical drug. Vitamin D3 was commercially developed 
in the 1950s and has not been approved as a pharmaceutical 
agent in the United States, but it is used in food supplementation 
and vitamin supplements. 

Toxicity
Vitamin D toxicity can cause non-specific symptoms such 

as anorexia, weight loss, polyuria, and heart arrhythmias. More 
seriously, it can also raise blood levels of calcium which leads 
to vascular and tissue calcification, with subsequent damage 
to the heart, blood vessels, and kidneys [1]. A serum 25(OH)
D concentration consistently >500 nmol/L (>200 ng/mL) is 
considered to be potentially toxic [22]. Excessive sun exposure 
does not result in vitamin D toxicity because the sustained 
heat on the skin is thought to photodegrade previtamin D3 and 
vitamin D3 as it is formed [6]. In addition, thermal activation 
of previtamin D3 in the skin gives rise to various non-vitamin 
D forms that limit formation of vitamin D3 itself. Some vitamin 
D3 is also converted to nonactive forms [1]. Intakes of vitamin D 
from food that are high enough to cause toxicity are very unlikely. 
Toxicity is much more likely to occur from high intakes of dietary 
supplements containing vitamin D.

Most reports suggest a toxicity threshold for vitamin D of 
10,000 to 40,000 IU/day and serum 25(OH)D levels of 500–600 
nmol/L (200–240 ng/mL). While symptoms of toxicity are 
unlikely at daily intakes below 10,000 IU/day, the FNB pointed 
to emerging science from national survey data, observational 
studies, and clinical trials suggesting that even lower vitamin 
D intakes and serum 25(OH)D levels might have adverse health 
effects over time. The FNB concluded that serum 25(OH)D 
levels above approximately 125–150 nmol/L (50–60 ng/mL) 
should be avoided, as even lower serum levels (approximately 
75–120 nmol/L or 30–48 ng/mL) are associated with increases 
in all-cause mortality, greater risk of cancer at some sites like 
the pancreas, greater risk of cardiovascular events, and more 
falls and fractures among the elderly. The FNB committee cited 
research which found that vitamin D intakes of 5,000 IU/day 
achieved serum 25(OH)D concentrations between 100–150 
nmol/L (40–60 ng/mL), but no greater. Applying an uncertainty 
factor of 20% to this intake value gave an upper limit of 4,000 IU 
which the FNB applied to children aged 9 and older and adults, 
with corresponding lower amounts for younger children [34].

Discussion
Vitamin D deficiency is widespread. With declining milk 

consumption levels, and more care being taken to limit sun 
exposure, this problem is likely to get worse across the US 
population. Concern by some physicians that those patients who 
follow a vegan diet need different measures for the prevention 
and treatment of vitamin D deficiency seems unwarranted. 
Studies of vegans have shown that, on average, their 25(OH)D 
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levels are within the recommended range. They are, therefore, 
not any more likely to be vitamin D deficient than any other 
patient. The vegan patients should maintain their 25(OH)D in 
the recommended range the same as any other patient. Vitamin 
D2 is as effective as Vitamin D3 for the prevention and treatment 
of vitamin D deficiency, as well as for preventing related disease 
such as rickets, so vegan patients can safely be treated with 
Vitamin D2.

Research on vitamin D and other pathologies such as 
cancer and diabetes are ongoing. We await their results. In the 
meantime, maintaining adequate levels of 25(OH)D in patients 
may be preventing pathologies other than osteomalacia and 
rickets. 
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