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Correcting poor vitamin D status: Do older adults need

higher repletion doses of vitamin D3 than younger

adults?
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We conducted an examination of recent studies to determine whether older adults (Z65

years) need higher levels of supplementary vitamin D than young adults when attempting to

replete vitamin D status in deficient subjects, i.e. those with levels of 25-hydroxyvitamin D

less than 75 nmol/L. As data on repletion with vitamin D2 have recently been published, we

restricted our discussion to the use of vitamin D3 from dietary supplements, prescriptions for

large oral doses, and bolus dosing or injections. Most published dosing regimens failed to

achieve 75 nmol/L in most all subjects, whether young adults (o65 years) or older adults

(Z65 years). Whether as daily or bolus oral supplementation, elderly subjects appeared to

need more vitamin D3 compared with younger adults, however, baseline levels, endpoints,

study duration, compliance, and other factors were different among studies. To ensure most

subjects are replete in vitamin D, a daily dose of more than 50 mg (2000 IU) in younger and

125 mg (5000 IU) is required. Other strategies including bolus and loading doses are descri-

bed. No study reported adverse effects of using oral intakes about the current upper level of

50 mg (2000 IU).
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1 Introduction

It has been shown convincingly that Vitamin D has many

functions beyond its role in calcium and bone health. With

this new knowledge has come the recognition that

Vitamin D insufficiency and deficiency is at epidemic

proportions worldwide. In temperate countries more than half

of the population is at risk and worldwide, even in tropical

countries, vitamin D deficiency is a very serious concern due

to changes in living and working conditions [1, 2]. A difficult

task is determining a level of dietary intake which will be

effective at quick repletion to what scientists believe to be the

appropriate level of vitamin D activity in the body. Vitamin D,

a fat-soluble vitamin, is provided through the diet and through

skin synthesis with exposure to sunlight (specifically ultra-

violet B radiation). Vitamin D intake from foods is limited,

with few natural sources (e.g. fatty fish) and fortified foods

(depending on the country). Vitamin D produced from

precursor molecules in the skin after exposure to sunlight is

also limited as given the angle of the sun in winter, its rays do

not have sufficient energy to penetrate the skin; nor can UVB

travel through clothing, glass, sunscreen, or skin with a high

melanin content [3]. Thus, supplemental sources of vitamin D

are more commonly used for repletion, yet the dose and time

needed for repletion to occur are critical factors for success-

fully alleviating deficiency.

Determining need for vitamin D is difficult as factors such

as sunlight exposure with appropriate UVB, age-related
Abbreviations: DRI, Dietary Reference Intake; 1,25(OH)2D, 1,25-

dihydroxyvitamin D; 25(OH)D, 25-hydroxyvitamin D
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changes in cutaneous vitamin D formation through the skin,

and availability of foods containing vitamin D all contribute to

our inability to provide a single amount as a recommendation

for intake. Since 1991, it has been recognized that the elderly

are at high risk for vitamin D deficiency, particularly institu-

tionalized elderly [4] and this concern continues today [5].

Recommendations for vitamin D in the current 1997 Dietary

Reference Intakes (DRIs) reflect an age effect by having a

higher recommendation for persons 50–70 years, for which

the current recommendations are 400 and 600 IU for those

over 70 years, compared with younger adults whose current

DRI is 200 IU [6]. It is recognized that as we age, there is a

lessened ability to make vitamin D3 in skin due to lack of the

precursor 7-dehydrocholesterol [7]. In making recommenda-

tions for repletion for young versus older adults, it is not

known if there is a higher intake required for the latter group.

One study has demonstrated that young and old adults replete

similarly [8]; however, a systematic examination of whether

older adults need higher levels of supplementary vitamin D

than young adults when attempting to improve vitamin D

status is lacking.

The purpose of this article is to determine the repletion

levels needed for vitamin D supplements in young and old

adults. We define repletion as achieving a level of serum

25-hydroxyvitamin D above 75 nmol/L, a level most consis-

tently associated with normal suppression of parathyroid

hormone, and improvement in clinical outcomes such as

fracture risk. A secondary purpose was to locate most, if not

all, repletion studies in young and old adults, and to

compare findings. To this end, we examined the efficacy of

varying doses of vitamin D in clinical trials which monitored

vitamin D status in both young and old adults. As data on

repletion with vitamin D2 have recently been published [9],

we will restrict our discussion to the use of vitamin D3 from

dietary supplements, prescriptions for large oral doses, and

bolus dosing or injections.

2 Vitamin D status

To achieve the benefits of vitamin D, one requires sufficient

skin synthesis and/or intake to maintain adequate plasma

levels of the transport form of vitamin D which is

25-hydroxyvitamin D (25(OH)D). This metabolite subse-

quently undergoes hydroxylation to form the active meta-

bolite, 1,25-dihydroxyvitamin D [1,25(OH)2D]. The term

‘‘vitamin D’’ represents both the molecular precursors of

25(OH)D and all the compounds having or potentially

having the activity that we associate with the active meta-

bolite of vitamin D. To avoid confusion, in this article, the

term ‘‘vitamin D’’ will be used only in reference to the

precursor molecule, whereas ‘‘vitamin D activity’’ refers to

the ultimate actions of the 1,25(OH)2D molecule. The diet-

ary precursor molecule can be further designated as chole-

calciferol (commonly called vitamin D3) which is the form

made in the skin of mammals or ergocalciferol (commonly

called vitamin D2) which is made after irradiation of yeast or

fungi-derived molecules. Unless a specific difference is

noted between vitamins D2 and D3, then ‘‘D’’ with no

subscript is used. As indicated above, the studies examined

in this article used vitamin D3. Differences in metabolism

between vitamins D2 and D3 exist [10], nevertheless, there is

an indication that vitamin D2 given frequently (i.e. daily) but

not necessarily in bolus amounts, is as effective as daily

vitamin D3 [11].

To relate vitamin D intake to status, i.e. serum levels of

25(OH)D, it is important to understand how terminology is

defined. There is consensus that deficiency represents levels

not sufficient to provide protection against osteomalacia,

osteoporosis, and falls; optimal represents levels that are

adequate enough to substantially decrease risk of chronic

diseases associated with vitamin D; sufficiency includes those

values above deficiency but less than optimal. In relating

these to the measures of 25(OH)D, current thinking

considers deficiency of vitamin D activity is the level of

25(OH)D o75 nmol/L (30 ng/mL); sufficiency is defined as

between 75 and 100 nmol/L (8–30 ng/mL); optimal vitamin

D status is believed to be achieved when the levels are above

100 nmol/L (40 ng/mL) [12]. The greatest hurdle in deter-

mining maintenance and repletion needs to achieve optimal

vitamin D status lies in the significant differences in

measurement of serum 25(OH)D that occurs with the

various assays currently in use.

2.1 Factors affecting 25-hydroxyvitamin D levels

There are several methods used for measurement of

25(OH)D, and this situation has created some confusion

regarding comparability between studies [13, 14] . Discus-

sion of assay differences is beyond the scope of this article,

but assay type has been documented for each study included

in Table 1. In addition, assay variability and between-

laboratory imprecision together may be responsible for a

20% deviation between a laboratory result and the true

measure [15]. A further cause of variability is within-indivi-

dual (biological) variation, which may be as high as 19%,

although much of this measure may be reflecting seasonal

changes in sun exposure [15]. Finally, there are aspects of

the production of 25(OH)D that affect its accumulation in

serum. If the substrate, i.e. vitamin D3 or vitamin D2, is low,

then this limits the rate of synthesis of 25(OH)D [16]. At

lower intakes or sun exposures, the amount of vitamin D3 or

vitamin D2 limits synthesis of 25(OH)D [16]. Over time, an

increase in 25(OH)D produces an increase in the rate of

catabolism, by inducing 1,25(OH)2D-24-hydroxylase

(CYP24, also called 25(OH)D-24-hydroxylase). Thus, as the

precursor molecule is made more available, there is an

accelerated catabolism of vitamin D metabolites [17] such

that levels of all the metabolites plateau.

Differences in dietary intake should be reflected as

differences in levels of 25(OH)D; however, this is difficult to
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confirm unless data are analyzed in the absence of sun

exposure. In a small study of approximately 100 university

students living near Toronto Canada who were measured

for 25(OH)D near the end of winter, we found a significant

correlation between dietary intake of vitamin D and

levels of 25(OH)D [18]. In contrast, dietary intake of

over 16 000 Americans in NHANES III revealed that diet

influence on vitamin D status is probably minimal and it

follows that most of our vitamin D is derived from sunlight

exposure [19]. In this article, we primarily focus on those

subjects who were tested in the absence of sun exposure,

and indicate the season and conditions of the study

with respect to potential for sun exposure having affected

results.

2.2 Vitamin D recommendations for younger versus

older adults

Since publication of the 1997 recommendations for vitamin

D [6] as part of the DRI process, much has been learned in

the past decade regarding vitamin D’s metabolism. As

indicated above, recommendations for vitamin D in the

1997 DRIs reflect an age effect by having a 100% higher

recommendation for persons 50–70 years, and a 200%

higher recommendation for persons over 70 years,

compared with younger adults [6]. It is also well recognized

that as we age, there is a lessened ability to make vitamin D3

in skin due to lack of the precursor 7-dehydrocholesterol [7].

A new panel has been convened to make new recommen-

dations for vitamin D, but in the meantime, other profes-

sional groups have made recommendations on interim

vitamin D intakes and these have focused on a greater need

for vitamin D with age. For example, in 2005, the elderly

were considered among those with ‘‘special needs’’ for

vitamin D in the Dietary Guidelines for American [20]

(http://www.healthierus.gov/dietaryguidelines); high risk

groups were defined as being unable under usual circum-

stances to make cholecalciferol in skin and thus were

advised to consume an additional 25mg (1000 IU). It is now

known that this amount of vitamin D will not raise

25(OH)D to levels that are above deficiency (>75 nmol/L) in

most people, whether young or old [12, 21, 22].

2.3 Repletion of vitamin D in young and older adults

Data from repletion studies for adults 65 years and younger

with vitamin D3 are summarized in Table 1 [8, 22–25].

Studies were chosen where baseline levels of 25(OH)D were

well below 75 nmol/L (i.e. deficient). Although an optimum

25(OH)D is considered to be 100 nmol/L (40 ng/mL), most

studies were conducted to achieve a sufficient level of

75 nmol/L (30 ng/mL). In younger adults, a daily dose of

20 mg (800 IU) for 8 wk resulted in a group mean exceeding

75 nmol/L, however, this would indicate that almost

half of the subjects were below this cut-off [8]. If subjects

started the dosing with levels above 55 nmol/L, then a dose

of 95mg (3800 IU) for 9 wk effectively raised all subjects

above 75 nmol/L when there was a complete absence of sun

exposure [22]. However, in the same study, if subjects star-

ted the dosing with levels below 55 nmol/L, then a dose of

125mg (5000 IU) was necessary to raise subjects

above 75 nmol/L. Similar findings were seen when subjects

received a dose of 100 mg (4000 IU) for 12 wk, where

almost 90% achieved 75 nmol/L in one study [23], but a

similar dose achieved only a repletion of 50% of the group

[24]. However, in the latter study, compliance was likely

poor.

Data from repletion studies for older adults with vitamin

D3 are also summarized in Table 1 [8, 26–31]. Again, most

studies targeted a level for 25(OH)D of 75 nmol/L (30 ng/

ml). In older adults, a daily dose of 20mg (800 IU) for 8 wk

resulted in a group mean exceeding 75 nmol/L, the same

results as in younger adults [8], however a higher dose of

37.5 mg (1500 IU) for 8 wk was required to achieve most

group members having values over 75 nmol/L [27]. For the

majority of elderly nursing home residents living

in a temperate climate, to achieve 25(OH)D levels over

75 nmol/L, a dose of 125 mg (5000 IU) for more than 12 wk

(measured at 52 wk) was needed [28]. This is in contrast to a

study in younger adults [23] by the same group where 100mg

(4000 IU) was effective for most to achieve 25(OH)D levels

over 75 nmol/L by 12 wk. However, baseline levels in the

older adults were lower, so that fact that 125 mg (5000 IU)

was similarly effective for the older subjects as 100mg

(4000 IU) may reflect this difference. Thus it appears that

higher intakes of vitamin D3 are required to replete

older adults compared with younger adults in the

absence of sunshine because of the formers’ lower baseline

status.

In Table 1, data from several studies on bolus loading for

raising 25(OH) D are provided. Only one study was found

for young adults. They were given 7500mg (300 000 IU) of

vitamin D3 for 6 wk and were mostly replete (i.e. mean of

group at 135 nmol/L, with 10–20% of group members below

75 nmol/L) [25]. There were several studies of bolus doses in

older adults. A lower dose of 2500mg (100 000 IU) had little

effect on 25(OH)D levels in elderly subjects [30]. When older

subjects were given 7500 mg (300 000 IU) for 8 wk, only 50%

of the group achieved sufficiency [31]. A large bolus dose of

12 500 mg (500 000 IU) raised mean 25(OH)D levels to

slightly above 75 nmol/L for about 5 months, as did monthly

dosing with 12 500 mg (30 000 IU) [29]. Although the

number of studies is small, the results are consistent

suggesting that a large bolus dose of vitamin D is less

effective in older adults than in younger adults. In a study

where the age range included both young and older adults

[32], two bolus doses of 2500 mg (100 000 IU) every 2 wk

resulted in a rise in 25(OH)D from 40 to 90 nmol/L by 1

month. These data indicate that in 1 month, the equivalent

of a daily dose of more than 100 mg is required for repletion.
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2.4 Evidence that the elderly may need more

vitamin D during repletion

The data summarized in Table 1 were examined to deter-

mine whether older adults (>age 65 years) needed more

supplemental vitamin D for repletion. It must be noted that

in several of the studies, baseline levels of 25(OH)D were

lower on the older subjects. However, in addition to this

observation, that older adults are more at risk of vitamin D

deficiency, there may be other reasons why elderly adults

may need more dietary (supplemental) vitamin D3 for

repletion than younger adults. These include poorer

absorption with advancing age, possibly due to less stomach

and intestinal enzymes and other factors. As pointed out

recently, ‘‘Vitamin D malabsorption aggravates the hypovi-

taminosis D that is so common in older persons’’ [33]. Since

vitamin D like other fat soluble vitamins is absorbed via the

chylomicron pathway in the small intestine, the presence of

lipid in the intestinal tract will facilitate absorption. Never-

theless, very low fat foods such as orange juice have been

shown to be effective vehicles for promoting vitamin D

absorption [34]. Once dietary vitamin D is absorbed, it binds

with vitamin D binding protein responsible for transporting

the parent compound in the blood. Since transport is

dependent on the synthesis of vitamin D binding protein,

this process may be limited in the elderly due to the lower

rate of hepatic protein synthesis with increasing age [35].

Once in the blood, vitamin D is rapidly converted to

25(OH)D or taken up by adipose and muscle. Older

adults have less muscle than younger adults and so may be

limited in storage, as muscle is a significant storage

site for vitamin D [35]. Vitamin D stored in adipose may not

be readily available for conversion to 25(OH)D at a later

time.

2.5 A model for vitamin D3 repletion of older adults

Recently, a combined study gave a large loading dose of

vitamin D3 of 12 500mg (500 000 IU) and then provided

monthly doses of 1250 mg (50 000 IU) [29]. As shown in

Fig. 1, this protocol resulted in a quick repletion of 25(OH)D

after only 4 wk in subjects who had initial levels below

40 nmol/L, and the continual monthly doses kept mean

25(OH)D levels close to 90 nmol/L. The monthly main-

tenance dose of 1250mg (50 000 IU) is equivalent to 33mg/

day (1330 IU/d), an amount not much more than some

public health recommendations. In contrast, in the same

study, providing only the monthly doses of 1250mg (50

000 IU) without first loading, took 9 months to reach the

maintenance level of the loading1monthly dose group. Also

as shown in Fig. 1, if subjects begin repletion at a higher

level of 25(OH)D, by 9 months all groups were at similar

levels of 25(OH)D [29]. We cannot rule out some sun

exposure as subjects in this study, with an average age of 82

years, lived in the north island of New Zealand.

2.6 Other modes of repletion

There are other ways to replete vitamin D-deficient young

and older adults than daily oral or bolus loading of supple-

mentary vitamin D. A review of vitamin D2 protocols in an

Atlanta GA hospital indicated that when ergocalciferol in

1250mg (50 000 IU) daily doses was given three times

weekly for 6 wk, 82% study subjects achieved circulating

levels of 75 nmol/L [9]. This regimen was also found to be

effective in nursing home residents in the northern USA

[36]. As there are few head-to-head comparisons of these two

forms of precursor or parent molecules, and given the

differences in location, assays and other factors, it is not

possible to conclude whether this regimen is as effective as

those summarized in Table 1.

It is possible to give 25(OH)D3, also called calcidiol,

directly. Oral doses of calcidiol have been investigated in

several recent studies in countries such as Spain and Swit-

zerland where preparations are available. Larrosa et al. [37]

gave vitamin D-deficient patients in long-term care 16 000

Figure 1. Effects of three regimens of oral vitamin D3 supple-

mentation to elderly (>65 years) subjects. The loading dose was

12 500 mg (500 000 IU); the monthly dose was 1250mg (50 000 IU).

Reference [29] used with kind permission from Springer Science

1Business Media.
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IU calcidiol weekly once for 4 wk, at which time 92.5% of the

patients achieved 25(OH)D levels over 100 nmol/L.

2.7 Safety considerations of loading doses

The daily tolerable upper-intake level for vitamin D of 50mg

(2000 IU) was established in 1997 to discourage potentially

dangerous self-medication [6]. The upper-intake level repre-

sents a safe intake (i.e. zero risk of adverse effects in an

otherwise health person), however, when a patient is under-

going therapeutic treatment under a health professional’s

care, this amount can be exceeded. What might be expected

with high doses of vitamin D (precursor or calcidiol) is

hypercalemia and/or hypercalciuria. Excessive production of

25(OH)D can lead to toxicity, but only at levels of circulating

25(OH)D well above 220 nmol/L in adults [38]. In every study

reported in Table 1, as well as in other cited articles, there

were no reports of hypercalciuria or hypercalcemia.

3 Concluding remarks

We have described studies that were conducted to determine

efficacious protocols for repletion of vitamin D-deficient

subjects. There were many differences among studies,

including baseline levels, endpoints, study duration, and

compliance. The doses and total time for repleting older

adults with vitamin D3 appeared to be greater than for

younger adults, in part due to the lower starting baseline

vitamin D status. To ensure almost all subjects are replete in

vitamin D, a daily dose of more than 50 mg (2000 IU) in

younger and 125mg (5000 IU) is required. Several regimens,

such as loading with a high dose (12 500 mg) of vitamin D3

and then giving 1250 mg monthly, provide enough vitamin

D3 so that most patients would achieve and maintain

25(OH)D levels at or above 75 nmol/L. A promising loading

regimen is to provide calcidiol (25(OH)D) itself. All the

studies reviewed reported that subjects were free of adverse

effects, indicating that the vitamin D3 protocols were safe

during the observed dosing periods.

The findings and conclusions presented in this article are
those of the authors and do not necessarily represent the views or
opinions of the US Food and Drug Administration. Mention of
trade names, product labels or food manufacturers does not
constitute endorsement or recommendation for use by the US
Food and Drug Administration.

The authors have declared no conflict of interest.
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