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l Paul A. Lachance, Ph.D. 

Harold L. Newmark, D. Sci. 
Rutgers, the State University of New Jersey 
164 Frelinghuysen Road 
Piscataway, New Jersey 088548020 

Re: Docket No. 92P-0064 

Dear Drs. Lachance and Newmark: 

This letter is in response to your citizen petition dated January 30, 1992, requesting that 
the Food and Drug Administration (FDA) amend several of its standards of identity to 
require the addition of calcium and vitamin D rather than permit the optional addition of 
these nutrients. This letter also responds to your letter of October 1, 1999, to 
Jane E. Henney, MD, Commissioner of Food and Drugs, stressing the need for action on 
the above referenced petition and pointing to the establishment, recently, by the National 
Academy of Sciences (NAS) of new dietary intake guidelines and tolerable upper levels 
for daily intake of calcium and vitamin D. We regret the delay in responding, but trust 
that the following will clarify the agency’s position on this issue. 

Your petition stated that, based on your calculations, the requested amendments to the 
cereal grain standards of identity in Title 21 Code of Federal Regulations (CFR), Parts 
135, 137, and 139, would add approximately 382 mg of calcium and 69 units (1.7 pg) of 
vitamin D to the average daily United States (U.S.) diet. You contended that these 
increases were necessary to have the public health effect of reducing the risk of 
osteoporosis, hypertension, colon cancer, and lead toxicity. 

The FDA recognizes the growing evidence suggesting a public health need for improving 
calcium and vitamin D intakes in vulnerable population groups in the U.S. As a public 
health agency responsible for issuing provisions for the proper fortification and labeling 
of foods, we too are interested in ensuring that U.S. consumers can construct a diverse, 
balanced, and nutritious diet that will assist them in reaching recommended dietary 
intakes. Nonetheless, questions concerning fortification of the food supply are complex 
and the issue of adding calcium and vitamin D to foods is one of a number of fortification 
issues that are currently before FDA for consideration. In fact, the Center for Food 
Safety and Applied Nutrition has included in its 2000 Program Priorities “B” List, two 
items specifically focused on food fortification, one of which would address encouraging 
voluntary addition of calcium to enriched cereal grains under the current standards of 
identity (a copy of the priorities are enclosed for your information, see # 2.2B8 and # 
2.2B9). 
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Amending several standards of identity for foods to require the addition of a nutrient to 
address a public health need is a significant undertaking that requires extensive data 
analysis ranging from the effectiveness of the foods as fortification vehicles to estimating 
current safe upper limit intakes for various population groups to ensure the effectiveness 
and the safety of the amendments in addressing the public health need. In turn, this 
analysis involves considerable manipulation and adjustment of current nationally 
representative food consumption databases as well as use of adjusted food composition 
databases and assessment of total nutrient intakes from food plus dietary supplements. 
Moreover, scenarios for different levels of nutrient addition versus the use of different 
food vehicles need to be evaluated in relation to the current diverse national food 
consumption patterns to produce maximum benefits to the target groups without undue 
harm to the non-target groups. 

Additionally, as you pointed out in your letter of October 1, 1999, the NAS has now 
established “Tolerable Upper Levels” (UL) of intake for both calcium and vitamin D. 
The use of UL’s as guidelines for evaluating whether the proposed action poses a risk to 
high consumers of calcium or vitamin D in both target and non-target populations is 
important. We note that the Institute of Medicine of the NAS’s Standing Committee on 
Scientific Evaluation of Dietary Reference Intakes (Ref. enclosed) points out that 
estimates of vitamin D “intake” are complicated by the fact that there are contributions 
from food (which are difficult to estimate) as well as contributions from cutaneous 
production of vitamin D3 with exposure to sunlight. Therefore, it is likely that 
identification of subpopulations in need of higher vitamin D intakes is best determined 
from evaluation of vitamin D nutritional status that is estimated from the measurement of 
serum 25-dihydroxy vitamin D levels. Moreover, information is also needed to support 
efficacy of vitamin D fortification of cereal-based products as an effective vehicle for 
delivering vitamin D to specific vulnerable populations. Such efficacy data should 
consider conditions of processing and prolonged shelf life. 

Your 1992 petition requesting that FDA amend certain existing standards of identity to 
make mandatory the currently optional addition of calcium and vitamin D did not present 
these critical data needed to formulate recommendations and evaluate the safety, efficacy, 
and predicted impact of the fortification levels. This type of information is fundamental 
to our consideration of your petition, or any other petition, seeking similar types of 
regulatory changes. Moreover, the agency does not have the resources to generate these 
data, which are essential to allow it to evaluate appropriate foods and levels for the 
mandatory addition of calcium and vitamin D that would address the public health need 
you identified in your petition. 

Therefore, in accordance with 21 CFR, Section 10.30(e), this letter is to advise you that 
. . . .._ FDA is denying, without prejudice, your petition. As previously stated, the agency has 

identified the encouragement of voluntary fortification-of ‘the food supply with calcium as 
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an important priority. Addition of calcium to foods, in particular to certain grain and 
cereal products, is currently allowed under existing FDA provisions. We would welcome 
suggestions from you as to how the agency could effectively encourage these voluntary 
additions to foods. 

Thank you again for your interest, and we hope this information has been helpful to you. 

Sincerely yours, 

Dennis E. Baker 
Associate Commissioner 

for Regulatory Affairs 

Enclosures 

copy to: 
John D. Bogden, Ph.D. 
Professor 
Department of Preventive Medicine and Community Health 
University of Medicine and Dentistry of New Jersey 
185 South Orange Avenue 
Newark, New Jersey 07 103-27 14 

Robert P. Heaney, M.D. 
John A. Creighton University Professor 
Creighton University 
California at 24fh Street 
Omaha, Nebraska 68 1780-0650 . 

Martin Lipkin, M.D. 
Professor of Medicine 
Cornell University Medical College 
New York, New York 1002 1 

Richard Rivlin, M.D. 
Program Director 
Clinical Nutrition Research Unit 
Medical Sloan-Kettering Cancer Center 

._ Professor of Medicine 
Cornell University Medical College 
New York, New York 1002 1 



Page 4 - Drs. Lachance and Newmark 

Lee Wattenberg, M.D. 
Department of Laboratory Medicine and Pathology 
6- 133 Jackson Hall 
University of Minnesota 
321 Church Street, S.E. 
Minneapolis, Minnesota 55455-03 15 
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cc: 
GCF- 1 
HF-22 
HF-26 
HF-28 
HFA-305 (Dot. # 92P-0064) 
HFS- 1 
HFS-4 
HFS-6 
HFS-22 (CCO) 
HFS-24 ( Brock) 
HFS-800 
HFS-820 (w/cpy incoming) 

R/D:HFS-820:FBSatche11&HFS-800:MSCa1vo:3/3~/00:202-260-0545:677 1 
Initialed:HFS-820:VLWilkening:3/30/00:202-205-5763 
Revised:HFS-800:CJLewis:4/1/00:202-205-4361 
Initialed:HFS-820:CJLewis:4/1/00 
Reviewed:HFS-832:YKPark:4/10/00:202-205-4750 
Revised:HFS-820:FBSatchell:4/14/00 

HFS-820:FBSatchell:4/19/00 
GCF-l:DDorsey:5/15/00:301-827-7144 

Initialed:GCF- 1 :DDorsey: 5/ 18/00 
F/T:bls:5/19/00 
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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service 

Food and Drug Administration 
Washington DC 20204 

FE8 10 2300 

Dear Colleague, FDA Foods Community: 

I am pleased to share with you the 2000 program priorities for FDA’s Center for Food 
Safety and Applied Nutrition. The format of 2000 workplan is similar to the 1999 
workplan, except the 2000 plan is only-a nine-month plan (through September 30, 2000) 
so as to align our program priorities with the federal budget cycle. This workplan builds 
on the nearly 90% completion rate for calendar year 1999 (see “Report Card” dated 
February 3,200O). 

Top priorities for FY 2000 include: 

. Food Safetv Initiative: Enhance key program areas, particularly 
inspections (both domestic and imports), outbreak response, and retail 
food service. Specific items include: implementation of the Egg Safety 
and Imported Foods Action Plans; publication of a final rule regarding 
HACCP for fruit and vegetable juices; and continued implementation of 
seafood HACCP. 

. Food Additives: Use resources provided in the FY 2000 Congressional 
Appropriations to implement a new premarket notification program for 
food contact substances, as well as to make enhancements in the review of . 
direct food additives and other food ingredients. 

. Dietarv SuDDlements: Begin implementation of the recently-completed 
Dietary Supplement Strategic Plan, including: publish proposed rule on 
good manufacturing practices; reduce the backlog of FOI requests for 
adverse event reports; and hold a public meeting/initiate rulemaking on 
health claims in response to last year’s court decision in Pearson v. 
Shaiaia 

. Food Biotechnologv: Develop and implement strategies for the food 
biotechnology program as a result of public meetings held last fall. 

In keeping with last year’s format, the workplan contains two lists of activities in most 
major sections of the document -- the “A” List and the “B” List. In total, there are 109 
discrete “A” List items, an increase from last year. Because we are condensing 
implementation of this year’s plan to three-fourths of the year (nine months), our goal 
will be to fi~lly complete at least three-quarters of the “A” list activities. I frequently 
describe these as the “boulders” we will move up and over the ‘mountain top. Activities 
on the “B” list are those we plan to make progress on, but may not complete before the 
end of the fiscal year. 
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This year, we will increase our use of “leveraging” as we implement the plan. ‘In 
particular, we will expand involvement with the Joint Institute for Food Safety and 
Applied Nutrition (JIFSAN) and the National Center for Food Safety and Technology 
(Moffett Center), and will pursue establishment of new relationships and/or formal 
agreements to create additional public health and safety synergies. And of: course, we 
will continue to enhance our collaborations with CDC, USDA, EPA, and state and local 
governments as we move closer towards an integrated national food safety system. These 
leveraging activities are intended to create a greater return on investment than could be 
achieved if FDA were acting on its own. 

The Center has responsibility for many other important ongoing activities that are not 
identified in this document. For example, the Center’s base programs in standard-setting, 
data collection, research, ,and enforcement are important and are ongoing. Rather, this 
document addresses primarily those initiatives representing something new or different 
that we need to address in 2000. 

\: 

I 

When I became Director of CFSAN two years ago, I announced that we would establish a 
priority-setting process, and that we would identify a finite number of program priorities 
that we would commit to accomplishing effectively and in a timely way. I am very proud 
of the nearly 90% success rate on the 1999 workplan. It means the system is working, 
and that predictability, productivity and accountabiiity is being restored to the Foods 
program. It’s a “New Day” at CFSAN as we work hard to build a “World Class 
Organization” to serve American consumers. 

As always, I thank our many stakeholders for your continuing support. I look forward to 
working with you as we complete these many important activities. 

Sincerely, . 

” Joseph A. Levitt 
Director 
Center for Food Safety 

and Applied Nutrition 
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GdB97 List 

Nutrition, 1 
Health - 

1. 

Claims and 
Labeling - 
Con’tinued 2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. b. 

Develop a strategy based on input from the IOM Food Forum and Keystone, 
respectively, regarding the most appropriate scientific and regulatory framework 
for structure/function claims on conventional foods. 

Develop a coordinated plan between FDA and USDA to correlate existing food 
standards with current technological innovations. 

Develop a proposed rule establishing criteria for filing and decision-making on 
nutrient content/health claim notifications based on an authoritative statement. 

Develop an interim final ruie to clarify and modify the health claim based on an 
authoritative statement pertaining to the relationship between whole grains and 
coronary heart disease and certain cancers. 

Publish a notice of availability on citizen petition 99P-2630 requesting that 
FDA establish a daily reference value for added sugars and list added 
sugars in the Nutrition Facts panel. 

Develop a proposal to update voluntary nutrition labeling values for raw 
vegetables, fruit, and fish for sale at retail. 

Develop a proposed rule on reference daily intakes/daily reference values 
(RDIIDRV’s) for chloride and chromium. 

Develop options for encouraging the voluntary addition of calcium to enriched 
cereal grains. 

Initiate a review of food fortification guidelines. 

Evaluate citizen petitions on caffeine. 

11 
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7 
Vitamin D 

UACKGROUND INFORMATION 

Vitamin D (calciferol), which comprises a grotlp of fat soluble 
seco-sterols that are found in very few Foods natllrally, is photosyn- 
thesizccl in the skin of vertebrates by the action of’solar ultraviolet 13 
radiation (Holick, 1994). Vitamin D comes in many forms, but the 
two major physiologically relevant ones are vitamin D, (ergocalcif- 
erol) and vitamin D, (cholccalciferol) (Ficscr and Fieser, 1959). 
Vieamin D, originates from the yeast and plant sterol, ergosterol; 
vitamin D, originates from 7-dehydrocholestcrol, a precursor ol‘cho- 
lesterol, when synthesized in the skin (Figure ‘7-l). Major metabolic 
steps involved with the metabolislv D, are similar to those of the 
metabolism of D,. Vitamin D without a subscript represents either 
D, or D, or both and is biologically inert, requiring two obligate 
bydroxylations to form its biologically active hormone, 1,25-tlihy- 
droxyvitamin D (1,25(OIH),D) (DeLuca, 1988; Reicbel et al., 1989). 

Vitamin D’s major biologic function in humans is to maintain 
serum calcium and phosphorus concentrations within the normal 
range by enhancing the efficiency of the small intestine to absorb 
these mineral’s from tile diet (DeLuca, 1988; Reichel et al., 1989) 
(Figure 7-Y). 1,25(0H),D enhances the efficiency of intestinal cal- 
cium absorption alo~~g. the entire small intestine, but primarily in 
the cluoclcnum a1lt1 ~qun~lm. 1,25(OH),D, also enhances clietaly 
phosphorus absorption along the entire slnall intestine (Clien et 

VlTAMlN D 
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FIGURE 7-i The photochemical, thermal, and metabolic pathways for vitamin D 
Specific enzymes abbreviated as follows: A7ase,7dehydl-ocholesterol reductase; 2: 
OHase, vitamin D-25-hydroxylase; la-OHase, 25-OH-D-lee-hydroxylase; 24R-OHasc 
25(OH)D-24R-hydroxylase. Inset: the structure of vitamin D,. Reproduced wit1 
permission, Holick (1996). 
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al., 1974), but its major influence is in the jejunum and ileun 
When dietary calcium intake is inadequate to satisfy the body’s ca 
cium requirement, 1,25(OH),D, along with parathyroid hormon 
(PTH), mobilizes monocytic stem cells in the bone marrow to bc 
come mature osteoclasts (Holick, 1995; Merke et al., 1986). Th 
osteoclasts, in turn, are stimulated by a variety of cytokines an,’ 
other factors to increase the mobilization of calcium stores fror, 
the bone (Figure 7-2). Thus, vitamin D maintains the blood calciur 
and phosphorus at supersaturating concentrations that are deposij 
ed in the bone as calcium hydroxyapatite. 

A multitude of other tissues and cells in the body can recogniq 
1,25(OH),D (Stumpf et al., 1979). Although the exact physiologi 
function of 1,25 (OH) PD in the brain, heart, pancreas, mononuclc 
a~- cells, activated lymphocytes, and skin remains unknown, its rn>’ 
jor biologic function has been identified as a potent antiprolifer; 
tive and prodifferentiation hormone (Abe et al., 1981; Colston q 
al., 1981; Eisman et al., 1981; Smith et al., 1987). There is littll 
evidence that vitamin D deficiency leads to major disorders in the? 1 
organ and cellular systems. 

Physiology of Absorption, Metabolism, and Excretion 

Because dietary vitamin D is fat soluble once it is ingested, it is incor: b 
poratccl into the chylomicron fraction and absorbed through the lym i 
phatic system (Holick, 1995). It is estimated that approximately 8( : 
percent of the ingested vitamin D enters the body via this mechanism 
Vitimin D is principally absorbed in the small intestine. 

Vitamin D is principally excreted in the bile. Although some of i 
is reabsorbed in the small intestine (Nagubandi et al., 1980), the 
enterohepatic circulation of vitamin D is not considered to be al 
important mechanism for its conservation (Fraser, 1983). HoweveT 
since vitamin D is metabolized to more water-soluble compounds, ; 
variety of vitamin D metabolites, most notably calcitroic acid, arc 
excreted by the kidney into the urine (Esvelt and DeLuca, 1981). 

Once vitamin D enters the circulation from the skin or from the 
lymph via the thoracic duct, it accumulates in the liver within a fev 
hours. In the liver, vitamin D undergoes hydroxylation at the 25 
carbon position in the mitochondria, and soon thereafter, it ap 
pears in the circulation as 25-hydroxyvitdmin D (25(OH)D) (DeLu 
ca, 1984) (Figures 7-l and 7-2). The circulating concentration o 
25(OH)D is a good reflection of cumulative effects of exposure tc 
sunlight and dietary intake of vitamin D (Haddad and Hahn, 1973 
Holick, 1995; L.und and Sorensen, 1979). In the liver, vitamin D-25 
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l~ydroxylasc is qulatcct by vitamin D anti its metabvlites, and there- 

fore, the increase in circtliaLing concclltration of 25(01-I) 11 after 
cxposurc Lo sunlight OI- ingestion of vitamin D is relatively modest 
compared with cumuiativc production or incake of vitamin D (Hoi- 
ick and Clark, 1978). The appearance in the blood of the parent 
compound, vitamin D, is short-lived as it is either stored in the fat OI 

metabolized in the liver (Ma.wer et al., 1972). The half-life of 
25(OH)D in the human circulation is approximately 10 clays to 3 
weeks (Mawer et al., 1971; Vicchio ct al., 1993). Administralion of 
25(OH)D reslllts in approximately two Lo five ,times more activit) 
than giving vitamin D itself in curing rickets and in inducing intesti- 
nal calcium absorption anti mobilization of calciunl from bones in 
rats. However, at piiysiologic concentrations, it is biologically inert 
in affecting these I’tulcLioIls (DeLuca, 1984). 

III ordcr to have biologic activity at physiologic concentrations, 
25(OH) D must be hydr-oxylared in Lhe kidney on the l-carbon posi- 
tion to form 1,25(0H),D (Holick et al., 1971; Lawson et.ai., 1971) 
(Figures 7-1 and 7-2). It is 1,25(OH),D thaL is thought to be the 
bioiogicaiiy active fi)r~n of vilamin II) and that is responsible for 
most, if not all, of‘ils biologic functions (L)eI,uca, 1988; Fraser, 1980; 
Keichei et al., 1989). The production of 1,25(0H),D in the kidney 
is tightly regulated, principally through the action of PTIH in rc- 
sponse to serum calcium and phosphorus levels (DeLuca, 1984; Por- 
tale, 1984; Reichei ct al., 1989) (Figure 7-2). The half-life of 
1,25(OH),D in the circulation of humans is approximately 4 to G 
hours (Kumar, 1986). Because of the tight reguialion of the pro- 
duction of 1,25(0tI),D ancl its relatively short serum half-life, it has 
not proven to be a valuable marker for vitamin D deficiency, adc- 
quacy, or excess. 

25(OH)D and I ,25(OH),D may undergo a hydroxylation on the 
24-carbon to form their 24hydroxy counterparts, 24,25-dihydrox- 
yvitamin D (24,25(OH),D) (Figure 7-l) and 1,24,25-trihydroxyvita- 
min D (DeLuca, 1984; Holick, 1995). It is believed that the 24- 
carbon hydroxylation is the initial step in the metabolic degradation 
of 25(OH)D and 1,25(OIH),D (DeLuca, 1988). The final ciegratia- 
tive p~-otl~~ct of 1,25(OH),D, is calcitroic acid, which is excreted by 
the kidney into the urine (Esvelt and DeLn~ca, 1981) (Figure 7-l). 

AlLhough the kidney supplies the body with 1,25(0H),D to rcgu- 
late calcium and bone metabolism, it is recognized that activated 
macrophages, SOIIIC lymphoma cells, and cultured skin and bone 
cells also make 1,25 (OH) *D (Ad ams et al., 1990; Holick, 1995; Piiiai 
et al., 1987). Although the physiologic importance of locally pro- 
duced 1,25(OH),D is not well understood, tllc excessive unregulat- 
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et1 production of 1,25(OH),D by activated macrophages and lym: 
. phoma cells is responsible for the hypercalciuria associated with 

chronic granuiomatous disorders and the hy:percalcemia seen witlj 
iymphoma (Adams, 1989; Davies et al., 1994). 

Factors Affecting the Vitamin D Requirement 

SjYYecial Popdations 

ZZldcrrly. Aging significantly decreases the cabacity of human skin td 
produce vitamin D, (MacLaughlin and Holick, 1985). In adults over 
age 65 years, there is a fourfold decrease in the capacity to produce 
vitamin D7 when compared with younger adults aged 20 to 30 years 
(Holick ci al., 1989; Need et al., 1993). AlLhough one study suggested 
that Lhcre may be a defect in intestinal calcium absorption of tracei 
quantities ofvitamin D, in the elderly (Barragry et al., 1978), two other 
studies demonstraled that aging does not significantly affect absorp 
tion of pharmacologic doses of vitamin D’(Clemens et al., 1986; Hol- 
ick, 1986). IL is not known whether the absorption of physiologic 
amounts of vitamin D is altered in the elderly. 

Malaho~ption Disorders. Patients suffering from various intestinal 
.malabsorption syndromes such as severe liver failure, Crohn’s dis- : 
ease, Whipple’s disease, and sprue often suffer from vitamin D defi+ t 
ciency because of their inability to absorb dietary vitamin D (Lo et ; 
al., 1985). Thus, patients who are unable to secrete adequate .I 
amounts of‘ bile or who have a disease of the small intestine are 
more prone to develop vitamin D deficiency owing to their inability 
to absorb this fat-soluble vitamin. 

Sources of Vitamin D 

Vitamin D intake from food and nutrient supplements is ex- 
pressed in either international units (IU) or micrograms (pg). One 
IU of vitamin D is defined as the activity of 0.025 pg of cholecalcif- 
erol in bioassays with rats and chicks. Thus, the biological activity 01 
1 1.19 of vitamin D is 40 IU. The activity of 25(OH)D is 5 times more 
potent than choiecalciferol; thus, 1 IU = 0.005 pg 25(OH)D. 

Sunlight 

Throughout the world, the major source of vitamin D for humans 
is the exposure of the fkin to sunlight (Holick, 1994). During sun 
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cxposur-c, the rlltraviolet 13 ;,hotons with cnergics between 290 and 
315 nm are ahsorbed by the culancous 7-dcl~yclrocl~olcst.crol to form 
the split (sect) sterol previtamin D, !Holick et al., 1980; MLICIAU~II- 
lin et al., 1982). This photosynthesls of vit.amin D occurs in most 
plants and animals (Holick et al., 1989). 

However, a variety of fXtors limit the cutaneous production of vita- 
min D,. Excessive exposure to sunlight causes a photodegradation of 

previtamin D, and vitamin D, to ensure that vitamin D, intoxication 
cannot occur (Holick, 1994; Holick et al., 1981; Webb et al., 1989) 
(Figure 7-2). An increase in skin melanin pigmentation or the topical 
application of a sunscreen will absorb solar ultraviolet B pll0tOIlS and 

thereby significantly reduce the production of vitamin D, in the skin 
(Clemens et al., 1982; Matsuoka et al., 1987). Latitude, time of clay, 
and season ol‘ the year llavc a dramatic inflllence on the C~I~AIICOUS 

production of vitamin D,. Above and below latitudes of approximately 
40” N and 40” S, respectively, vitamin D, L) s rnthesis in the skin is absent 
during most of the three to follr winter months (Ladizesky cl al., 1995; 
Webb et al., 1988). The Far northern and southern latitudes extend 
this period li)r 111) lo 6 11lollths (Holick, 1994; Oliveri cl al., 1993). 

Accurate csGmalcs of‘ vitamin D intakes in tllc Unilecl States are not 

available, in part because the vitamin D composition of fortified foods 
is highly variable ((%en et al., 1993; I-Iolick cl al., 1992) and because 
the U.S. intake surveys do not include estimates oT vitamin D intake. 
Using food consumption data from the second Nalional Health and 
Nutrition I$aminaGon Survey (NHANES II), median vitamin D in- 
takes from food by yolulg women wcrc a estimated to be 2.9 118 (114 

IU)/day, with a range of 0 to 49 pg (0 to 1,960 IU)/day (Mwphy and 
Galloway, 19%~). A similar median vitamin D intake, 2.3 1-19 (90 IU)/ 
day, was eslimated for a sample of older women (IO-all et al., 1989). 

In nature, very [ccw foods contain vitamin D. Those that do in- 
clude sonic iish liver oils, the flesh of fatty fish, the liver alld fat 

and polar bears, and eggs Ii-on1 
l 

from aquatic nianlmals such as seals 
hens that have been fed vitamin D (Holick, 1994; jcans, 1950). Al- 
most all of the hulnan intake of vitamin D frorn Loads comes I‘rom 
fortilied milk products and other fortified foods such as breakfast 
cereals. The vitamin D content of tlnfortifictl foods is generally low, 
lvit]l the cxceptioll of fish, many of wliich contain 5 to 15 pg (‘LOO t0 

, 
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600 IU)/lOO g; Atlantic herring contain up to as much as 40 pg 
. (1,600 IU)/lOO II (USDA, 1991). 

After vitamin G-was recognize2 as being critically important for the 
prevention of rickets, the United States, Canada, and many other coun- 
tries instituted a policy of fortifying some foods with vitamin D (Steen- 
bock and Black, 1924). Milk was chosen as the ,principal dietary com- 
ponent to be fortified with either vitamin D, qr vitamin D,. In other 
countries, some cereals, margarine, and breads also have small quanti- 
ties of added vitamin D (Lips et al., 1996). In ;the United States and 
Canada, all milk, irrespective of its fat content, is fortified with 10 pg 
(400 IU)/quart and 9.6 pg (385 IU)/liter, respectively, of vitamin D. 
However, during the past decade, three surveys in which the vitamin D 
content in milk was analyzed revealed that up to 70 percent of milk 
sampled Ihroughout the United States and Canada did not contain 
vitamin D in the range of 8 to 12 116 (320 to 480 IU)/quart (the 20 
percent variation allowed by current labeling standards). Furthermore, 
62 percent of 42 various milk samples contained less than 8 pg (320 
IU)/quart of vitamin D, and 14 percent of skim milk samples had no : 
detectable vitamin D (Chen et al., 1993; Holickret al., 1992; Tanner et,: 
al., 1988). All proprietary inf:nnt formnlas must also contain vitamin..D: 
in the arnount of 10 pg (400 IU)/liter. However, these m-oducts have, 
also been found lo have wide variability in their vi&in D content. 
(I-Iolick et al., 1992). 

IntakeJrom Dietary Suplibments 

In the one available study of dietary sup@ement intake in the 
United States, use of vitamin D supplemenIs ib the previous 2 weeks 
in 1986 was reported for over one-third of th& children 2 to 6 years 
of age, over one-fourth of the women, and alhost 20 percent of the 
men (Moss et al., 1989). For supplement uders, the median dose 
was the same for men, women, and children; 10 pg (400 IU)/day. 
However, the ninety-fifth percentile was the same as the median for 
the children (still 10 pg [400 IU]/day), * indicating little variation in 
the upper range for young children, while the ninety-fifth percen- 
tile for adults was considerably higher: 20 pg (800 IU)/day for men 
and 1’7.2 pg (686 IU)/day for women. 

Effects OJ Vitamin D Deflcipq 

Vitarnin D deficiency is characterized byi inadequate mineral- 
ization or demineralization of the skeleton i In children, vitamin 

1 
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1) dcl’icicllcy rcsuits in illadequate Il~illcl-aliz;lti(,1~ ot‘ the skelc- 
ton callsillg rickets, wllicll is ciiaractci-izcd by wicicning al tllc 
end ol‘thc long I,otlcs, r-acllitic rosary, ticl‘orlna~iolls in tllc skcic- 
ton including ~ronlal bossillg, and outward or ii~warti tlcl‘orini- 
ties of the lower limbs causing bowed Icgs a11d knocked knees, 
respectively (Coldril~g et al., 1995). Iii adults, viialilill 1~ dcfi- 
ciency leads to a mineralization defect in tile skclc~on causing 
osteomalacia. In addition, th6 secondary Iiyl~c~~l~~~r~~tl~yi-oiclis~i~ 
associated will1 \:iLanlin D deficiency enliances mobilization ot 
calcium f‘rom ~hc skeleton, rcslllting ill porot.ic hone (Fa\rus and 
Christakos, 1006) . . . 

Ally alteration iI1 the cutaneous production 0T vitaniiii I),, the 
absorption of vitamin D in the intestine, or the metabolism of vita- 
min D to it.s ac(ivc 1’01~ni, 1,25(ON),D, can lead lo a vitamin I)- 
deficient state (Dcmay, 1995; Holick, 1995). In addition? an alter- 
ation in the recogiiition of 1,25(Of-I),$ by its receptor can also ‘. 
cause vitamin D clelicicncy, metabolic bone disease, and accompa- 
nying biochemical abnormalities (Demay, 1995). 

Vitamin D deficiency causes a decrease ill ionized calcillrn in 
blood, which in tr~rn leads to an increase in the prodllction and 
secretion of I’TH (Fraser, 1980; Holick, 1995). I’TIH stimulates the 
mobilization of calcillm from the skeleton, conserves renal loss of 
calcirim, and causes increased renal excretion oi‘ pllospliorus Icad- 
ilig to a noi-nial I;\sting scrlinl calcillnl witll a low or low-l~ornial 
serum phospllor-HIS (Holick, 1995). Thus, vitanlin D dclicicncy is 
cliai-actcrizcd biocliemically by either a norinal or lownormal se- 
r111ii caicillm will1 a low-lior~lial or low-l’aslillg scrtini pl~osl~l~orl~s 
and an elevated ser~~nl P’I‘IH. Serum alkaline pllospllatasc is usualI! 
clcvatcd in vitamin D delicicncy states (Golciring et al., 1995). The 
elevated PTH leads to an increase in the ciestructio~l of the skeletal 
tissue in order to release calcium into tllc blood. The bone collagen 
by-products, inclucliu , g li\,droxyprolili~~, pyridi~iolinc, deoxypyridin- 
olinc, and N-telopept.icie, arc excreted into the urine and arc usual- 
ly elevated (Ka~ncl ct al., 1994). 

It is well recognized that \.itamin D deficiency causes abnormali- 
ties in calcium and bone iiictabolisni. The possibility tllat vilamin 1) 
deficiency is associated with an illcreased risk of colon, breast, and 
prostate cancer was s1lggcstcd in epidclniologic slirvcys ol‘ people 
living at higher latiludcs (Carland et al., 1985, 1990; Sc11\va1-tz a11ti 

Hulka, 1990). At this time, it is premature to categorically suggest 
that vitamin D dclicicllcy increases cancer risk. Prospective studies 
need to be carriccl 0uL lo LcsL the hypothesis. 

ESTIMATING REQUIREMENTS FOR VITAMIN D ‘: 

The serlun 25(OH)D concentration is the best indicator for dc 
termining adequacy of vitamin D intake of an individual since 
represents a summation of the total cutaneous production of vit: 
min D and the oral ingestion of either vitamin D, or vitamin E 
(Haddad and Hahn, 1973; Holick, 1995). Thus, serum 25(OH)l 
will be used as the primaly indicator of vitamin D adequacy. L ’ 

The normal range of serum 25(OH)D concentration is the tiea 
serum 25(OH) D + 2 standard deviations (SD) from a group ( 
healthy individuals. The lower limit of the normal range can be ; 
low as 20 nmol/liter (8 ng/ml) and as high as 37.5 nmol/liter (1 
ng/ml) depending on the geographic location where the bloo 
samples were obtained. For example, the lower and upper limits ( 
the normal range of 25(OH)D in California will be higher tha 
those limits in Boston (Clemens and Adams, 1996). Two pathologi 
indicators, radiologic evidence of rickets (Demay, 1995) and bit 
chemical abnormalities associated with metabolic bone disease, ir 
eluding elevations in alkaline phosphatase and PTH concentratior 
in the circulat.ion (Dcmay, 1995), have been correlated with serui:. 
25(OII)D. A 25(OH)D concentration below 27.5 nmol/liter (1. 
ng/ml) is considered to be consistent with vitamin D deficiency i 
infants, neonates, and young children (Specker et al., 1992) and 
therefore used as the key indicator for determining the vitamin 1 
reference value. 

Little information is available about the level of 25(OH)D that 
essential for maintaining normal calcium metabolism and peak bon 
mass in older children and in young and middle-aged adults. For th 
elderly, there is mounting scientific evidence to support their increase 
requirement for dietary vitamin D in order to maintain normal talc 
urn metabolism and maximize bone health (Dawson-Hughes et al 
1991; Krall et al., 1989; Lips et al., 1988). Therefore, the serum 
25(OH)D concentration was utilized to evaluate vitamin D deficient 
in this age group, but it was not the only indicator used to determin 
the vitamin D reference value for t.he elderly. 

Serum PTII concentrations arc inversely related to 25(OH)D SI 
rum levels (Krall et al., 1989; Kruse et al., 1984; Lips et al., 198: 
Webb et al., 1990; Zeghoud et al., 1997). Therefore, the serum PTI 
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conccnLr;tLion, ii1 conjul~ct.io~~ wit11 25(OH)D, has proven lo bc a 
valuable indicator of‘ Gramin 1) slatus. 

The few sLi:dics col~duclc~l iii African America~~s and Mcxicari 
Americans suggest Lllat these population groups ha\re loIvcr cir- 

culating concentrations of 25(OH)D and higher serl~m COIICCI~- 

trations of PTH and 1 ,25(OH),D when compared with Cauca- 
sians (Bell et al., 1985; Reasner et al., 1990). IL is likely that 
increased melanin l~ignienration (which clccrcascs tllc c~ltane- 
ous production of vitamill D) and the lack of dietary vitamin D 
(due to a high incidence of lactose intolerance) are the contrib- 
uting causes for this. 

The serum conceiltr-aL.ion of vitamin D is not indicative of‘ vitamin 
D Status. As sl~ilc‘d piwio~isly, its half-IiIc is relatively short, and the 
blood conccnlratio~ls can I-atlgc fionl 0 to grea’cl lllan 250 1111101/ 
liter (0 Lo 100 iig/iill) dcpcncli~~g on ai1 iiltlividilal’s rcceilt ingcs- 
(ion ofvilainiil l) aiitl csposl~l-c to siiriligllL. 

Similarly, tile SCIXIIII 1,25(OIH),D level is not a good indicator of 
vitamin D. This hormone’s serum c(~17centl-at,iolls are LighLly regu- 

lated by a varicLy of factors, including circtilating levels of serum 
calcium, phosphorus, parathyroid hormone, ancl olher horinones 

(Fraser, 1980; I-lolick, 1995). 

The ultimate ci‘fect ofviLamin D on.hliman health is maintenance 
of a healthy skcleron. Thus, in reviewing the lilcrallire Loi- deter- 
mining vitamin D status, one of the indicators that has pr-ovens to be 

valuable is an evaluation of skeletal health. In neonates alld chil- 
dren, bone developmenL and the prevention of rickets, cit.ller in 
conibinaLion will1 serllm 25(C)IH)D and I’TIj concentrations, or b> 
itself, are good iiltlicators of vitamin D stators (GulLekin et al., 198’7; 
Koo et al., 1995,; KI-11s~ CL :I]., 1984; MarkcsLcd ct a]., 1!)8(i; Mclll- 
mecster et al., 1990). For atlulrs, bone miiicral coiitct~il (BMC:), boile 
mineral dcnsily (lrMD), and I‘racture risk, ill combination with se- 
rum 25(OH) D’aiid I’TI-I coiicc~rltrations, have pro~cn Lo be the most 
vdtuablc indicalors ofvilainin D sLaL\Ci (Brazier et al., 1995; Da~vsoil- 

. 

Hughcts ct al., I991 )- 1995; Lambcrg-AllardL et al., 1989, 1993; Son 
et al., 1991; Webb et al., 1990). 

Reconzmendations for Adequate Inhzke 

The recommendation for how much vitamin D is required t 
maintain adequate calcium metabolism and good bone health fc 
all ages may be considered the easiest, as well as at times the mo: 
difficult, to determine. Humans of all ages, races, and both sex< 
can obtain all of their body’s requirement for vitamin D throug 
exposure Lo an adequate amount of sunlight. However, the SUI 
light-mediated synthesis of vitamin D in the skin is profoundly a 
fected by a wide variety of factors, including degree of skin pigmel 
tation, Iat.iLude, time of day, season of the year, weather condition 
and the amount of body surface covered with clothing or sunscree 
(Holick, 1994). Th ere ale, 1 1s very difficult to determine an accl P . ‘t ’ 
rate value IOr an EsLimatctl Avcl-age Requirement (EAR) as most t 
the studies are subject Lo one or more of‘ these variables, especial’ 
exposure Lo sunlight, which is difficult to quantitate. 

Vitamin D is a hormone, and therefore, when considering ;I; 
re ? 
of 

uirements for vitamin D, EARS would represent gross estimati 
the ncccl for the active hormone. The only studies that provid 

an approximation of how much vitamin D is required to maintai, 
an individual’s serurn 25 (OH) D concentration above that associa’? 
ccl with abnormalities in BMD are ones that have been conduct@ 
in the winLer at far northern and southern latitudes where exposur’ 
to sunlight does not produce any significant quantities of vitamin I 
(Ladizesky CI al., 1995; Markcsr.atl and Elzouki, 1991). Howeve, 
Lhese studies still do not account for subjects’ exposure to sunligl 
in the spring, summer, 
vitamin D occurs and 

and fdll when tlie, cutaneous synthesis < 

winter. 
i-t is stored in the body fat for use in th 

Another limilation of the reported studies is the assumption mad 
regarding the vitamin D content of various foods. Despite govern 
ment rnanclaI.cs for vitamin D fortification of milk in both the Uni 
ed States and Canada, acLual analysis has sh;own this fortificatio’n t 
bc highly variable (Chcn et al., 1993; Holick et al., 1992; Tanner c 
al., 1988). F[1rthcrmorc, the amo{lnL of viL;irnin D found naturall’ 
in f’oocls, sucli as fish liver oils, Liil~y fish, albd egg yolks, is very dc 
pcnclent on the time of the year these fooclh are harvested. Studic 
that report the dietary intake of vitamin D t based on the expecte 
amounL of vitamin D fortification of milk, inargarine, cereals, an 
breads are highly sus ect because the analyfis of the vitamin D COI 

1 !’ / 





264 DlET,.\KI~ KEFI:.KEN(:I:, IN-r:\liltS 

tnarker of vit;\min 1) s~;\[\Is, L‘unctional indic:\tors ol bone length 
and reduced bone tn;\ss (rickets in the cxtretlte form) serve :\s USC- 
C\I~ evaluative ou~o\ncs ol’ tlcficiency. Vilanlin D intakes between 
8.5 and 15 t’g (340 and 600 IU)/ I,) c 3 r would have t.he tnasitn\tm 
efff2cl. on linear growtlr (Fcliciano el al., 1994; Folnot: ct al., 19G6; 
Jeans and St,earns, 1938; Stearns, 1968). AL intakes greater than 45 
}I6 ( 1,800 IU)/day, lincat- grqwth may be reduced (Jeans and 
Stearns, 1938). 

A recent study in Chinese infants (Spcckcr et >\l., 1992) detnot\- 
strated that both latitude and intake of vitamin D over a relatively 
narrow range affect infant vitamin D status. Although there was no 
evidence of rickets in any of tile infatlts L‘rom northern China (40 to 
47” N), vitamin 1 s\\pplcn\ettts of 2.5 or 5 11g (100 or 200 IU)/day 
rcsulied in 17 of 47 at\d 11 of 37 infants! rcspcclively, having ser\itn 
25(OH)D concent\-atiotls less tl\z\n 27.5 ntnol/litcr (1 1 ng/n\l) by 6 
1110nths of age. For i\iCi\\>ts s\r1~plcmentctl with 10 1\g (400 IU) /day, 
only 2 of 33 had delicicnt vitamin D status. In contrast, Chinesti 
inCants f’ro~u I.WO so\~~hcrn cities (22” N and 30” N) tnai\\~aincd 
normal vitatni\t 11 sl;\l\\s c\‘c~\ oil 2.5 11(5 (100 lU)/tl;\y of vita\\\itt U. I 

Seasonal variation in \.itantin D slatus of infants is also apparelll. 
It1 studies ft-o~tt tl\c I!ttitd St;~tes (C:I-CC~- cl :\l., I!)S’L:\; Spcc‘ker ;\nd 
Tsang, 1987) anal Not-\vay (Markcstacl ar\tl I:lzo\\ki, 109 1) , SCI’IIIII 
25(OH)D co\lcctttt.atiotts in h\\\nan milk-f’ccl inl’,t\lIs not receiving 
vilatttitl 11 sti~~~~lctttc~~~s tlccrc;ts~tl iti wiitlcr tlrlc to less s\\\\ligllt vx- 
posure. However, tliis decrc;\sc did not occur in itilhnls rccciving :\ 
vilamin D supplement of 10 11g (400 IU)/ 1, , c w beginning at 3 weeks 
of age (Grccr Cl al., 1082a). The impact. of Il\e seasonal rccl\\ction 
in vitatnin D status on bone mineral mass has not been clearly de- 
lineated. In Grccr’s (1982) study, BMC of the placebo group was 
significantly less tllan llic \~itatltin D-s\\pplc\\le\\tc:<l gl'O\ip at 12 
weeks, but this clifIere\lct: was no lottger signific:\nl by 26 weeks of 
age. However, tlicre were 110 differences in the n\t’an scr\\m calci- 
um, alkaline phosphatasc, or PTIH lcvcls betiveen [he placcho and 
vitamin D-suppl~~tt~ented gt-oups. 

With habitual sniall doses of sunshine, b\-c;\st- or fornl\\la-led in- 
fants (10 no\ rcqlrir~ s\\ppl~t~~cnlal vita\l\in I). For i\\Li\\\\s wl\o live it\ 
far northcrn laliludcs or wl\o ;\rc rcslrictcd in cxpos\\rc lo sr\nligl\I, 
a minimal i\lrake 01‘ 2.5 11g (100 lU)/ 1, , ( ‘\v of \ritatni\l D Ivill likel) 
prevenL rickets ((;l;\sc~- ct al., 1949; Spccker et al.. 1992). f-l~~ever, 

. al this in&\kc alid in rhc ;\bsc\ice of sl\nlight, \natly inCants will lla\'C 

serum 25(01-I) D concenLralions within the range often observed ii 
cases of’ rickets (Specker et al., 1992). For this reason, and assumini 
that infat1t.s at-e not obtaining any vitamin D from sunlight, an AI 0’ 
at least 5 pg (200 IU)/day is recommcncIet1. 

AI for Infants 0 through 6 months 5.0 pg (ZOO IU)/day 

Ilzfu?lt I;omnuka. Dietary needs for vitamin D are similar for in 
fants fed formula or human milk. Koo et al. (1995) studied infant: 
of very low birth weight who were feel high-calcium and high-phos 
phorus inf>\nt formulas. They fbund that an average intake of vita 
min D as low .as 4 1tg (160 IU)/day in the experimental formul; 
maintained normal and stable viLamin D status, physical growth 
biochemical and hormonal indices of bone mineral metabolism 
and skeletal radiographs. In another study of exclusively formula 
feel Notwegian inf:nnts who received 7.5 1tg (300 IU)/day of vitatnit 
D, all infitnts attained a serum 25(OH)D concentration above 2’7.1 
nmol/liter (1 1 ng/ntl) (Markesbttl and Elzouki, 1991). This resul, 
was similar to 111~ cottccrtlt~al.iotls al.t;\incd by infants studied al the 
end of the summer who were fed lluman tnilk. 

From a physiological perspective, whelher infants are fed humar 
tnilk or Ibrtnrtla, tltcir ncctls li)r tlictaty vitiunin D when not ex- 
posed to sunlight arc the same. Titus, vitamin D intake of fortnula 
fed incdnts not exposed to sunlight should be at least 5 1tq (20~ 
IU) /day. However, 10 11s (400 IU)/clay, the current amount includ 
ed in I liter of standard infant formula or 1 quart of comtnercia: 
cow milk, would not be cxcessivc. 

Ages 7 throq-IL 12 Months 

Iudicator Used to Estimate the AI 

~%~~~Lvz 25(01-{)I). Studies from 1l\rce countries provide evidence 
for the lower range of intake of vitamin D th,at will support normal 
serum 25(OH)D concentration in infants between 7 and 12 month> 
of :\ge. III Norway, Markest.;\d ant1 I’lzo\\ki (1991) reported Illat in 
the winLer, olcler infants who had received ]a vikmlin preparation 
containing on average 5 1tg (200 IU)/clay bf vitamin D achieved 
serum 25 (OH) D levels that were intertnediate between those of the 
infants studied at the ,xnd of summer and fjortnula-fed infants. In 
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AI for Children 1 tllrougll 3’years 5.0 pg (200 W/day 

AI for Children 4 through 8 years 5.0 pg (200 IU)/day 

Se7w77, 25(OH)Z)1). L)uring p~~lm-ty, rhc metabolisnl of %(OI-I)D 
to 1,25(OH),D increases (Aksllcs and Aarskog, 1982). ‘I‘lle, ln- 
CI-.SS~ blood coi~cclllratiolls of l,%(Ol-I),D cnhancc intestinal 
calcium absorption to provide adequalc calcium for Illc rapidI) 

growing skeleton. M~w~v~tl~, [here is 110 Scientific evidence Ihat Clelll- 

onstrates an increased rcquircmeut for Gtatnin D. In boys and girls 
aged 8 to 18 years, who are cslimalcd lo ingest 2.5 llg (100 IU)/clay 
of vitamin D from margarine, the mean 25(0H)D conccntralion in 

the children in late M&h was 55 + 2.5 Ilmol/liter (22 4 1 ng/ml) 
(Aksncs and Aarskog, 1982). 

In the few studies available, children during the pubertal years lnain- 

tailled a normal SCI’IIIII %(OII)D level will1 dietary vit;mlin D intakes 
of 2.5 lo 10 \lg (100 lo 400 IU)/tlay. hksnes and Aarskog (1982) lmd 

the SallIe result in Scandi~li~\~i~lll children aged 8 to 18 YcarS consuming 
2.5 11s (100 IU)/day l’ronl lll~ll~gill-ille or IO 11g (400 IU)/clay Ii-on1 

supplements during tllc wii1r.c:~ 111on~1~s; At intakes 1~~s ~MII 2.5 \.lg 

(I()() IU)/Chy, *TurkiS\ childrcu :tScCl 12 10 17 ye;lrs 1l;ld 111~.‘~111 SC~l~LlIll 

25(OH)D concenIrations tlial Ivcre consistcnl with \riti\lllill D tlcficien- 

cy (< 27.5 nmol/liter [< 11 ng/mll) (Gultekin et al., 1 <MT). In t.llose 
\\ritJl ~ncail intakes 01‘2.0 + 0.5 11s (79 + 18 IU)/day of‘vitamln D, SCTUII~ 

25(OH)D le~cls wxc 32.75 + 2.75 mnol/liter (13.1 ~fi 1.1 ng/ml) for 
boys and 14.5 + 1 .75 ninol/litcr (5.8 + 0.7 lig/inl) for SirIs. With regrl- - 
lar Sun expos~lw, [liwc ~vould 1101 be a die~aq~ IlMd fi)r \.itillllin 11 (Ala- 

Hdlala cl al., 1984; Culrckin L‘I al., 1987; Pc(lili)l- CL ill., 1078i7; Rian- 

cho et >I\., 1989; Ta)‘101e >IIICI Norman, 1984). I-Iowe~cr, children who 
live in the fill- ll(~~tIlcr11 iincl sOlltll~l~ll lalitutles, lll:ly bC ~lll~ll~l~ t0 Syll- 

thesize enollgll vitanlin D in Lllcir skin that GUI be sK)I~c’(I fOl- USC ill IhC 
L 
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winter. These cl~ildren may need a vitamin D supplement (Oliveri et 
al., 1993). 

Vitamin D that is synthesized in the skin during the summer and 
cdl1 months cm be stored in the fiit for use in thd winter (Mawer et 
al., 19’72), thereby minimizing the requirement for vitamin D. There 
is no reason to believe that the increased conversion of 25(OH)D to 
1,25(OH)D seen in puberty results in a change in the borderline 
amount of circulating 25(OH)D that would be considered the min- 
imum for adequacy. Thus, in the absence of additional data, 2’7.5 
nmol/liter (11 ng/ml) is the appropriate cutoff for this age group. 
h/lost children aged 8 to I8 years who ingcstcd 2.5 pg (100 IU)/day 
of vitamin D from margarine had no evidence of vitamin D defi- 
ciency and had a normal serum 25(OH)D level (Aksnes and Aar- 
skog, 1982). T o cover the needs of all children ages 9 through I$ 
ycal-s, regardless of exposure to sunligllt, the above value is doubled 
liw an AI ol‘5 11s (200 IU)/day. 

AI for Boys 9 through 13 years 
14 through 18 years 

5.0 pg (ZOO IU)/day -’ 
5.0 pg (200 IU)/day 

AI for Girls 9 through 13 years 
14 through 18 years 

5.0 pg (200 IU)/day 
5.0 pg (200 IU)/day 

Ages 19 though 30 and 31 through 50 Years 

Indicator Used to IWintate the AI 

Sm7~77t 2.5 (Orr)U. There is little scientific information that re- 
lates vitamin D intake, bone health, and vitamin D status as deter- 
mined by SCIUIT~ 25(OH)D and PTI-I concentrations in younq adult 
and adult age groups. A descriptive longitudinal study of seveh adult 
fc~nalc patients in Great Britain (age range 20 to 46 years) who 
consumed a diet that contained from 0.4 tq 1.7 llg (15 to 68 IU)/ 
day of vitamin D revealed that the women developed clinical and 
biochemical features of osteomalacia after 1 to several years. No 
information about sunlight exposure was provided, and the patients 
achieved a positive calcium balance when consuming 2.5 pg (100 
IU)/clay of vitamin D (Smith and Dent, 1969). 

Racial differences were not evident in measures of serum 
25 (OI-I) D and PTH ’ in a Eros+sectional study in 67 Caucasian (age 

b 
3 

1 





222 
00 
33 



VITAhl I N L) 275 

(10 ng/ml) in 1-. l / ‘, ,crccnt \vill\ vil.amitl D intakes t-;mging I‘t-Ott1 i3.0 

to 7.1 ll,L: (121 to “82 lU)/tl;\y (Moth CI al., 1995). 
Based on Scvct-al t-a\itlot~tizctl, doul~lc-blitttl clinic;\1 Lr.ials with cltl- 

erly women ot- both men and women, a vi&\tttitt D itttake ol‘ 10 1\g 
(400 IU)/day is nccdcct to maintain not-tn;\i 25(01 I) D and ser\tm 
PTM stat.tts. This rcs\tlt was oI~sct~ccI 1v1tc11 tltc cl\\]-;\(ion of‘ tl\c vila- 
min D intervention TWS for I ,ycar (Lips et al., 19M) or 3.5 years 
(Lips et al., 19!)(i). In the lalter sLudy, thet-c was no advantage to 10 
11s (400 II!)/ I: c I!’ \x*i-sits pl;tc~l~o itt tllc. ittcitlctlcc 01’ ltip fracl\\rcs or 
orlicr pcripltcW1 I‘i~;ic.lti~xs despite iltc lx:ttc~‘ \,ilatJtiit 1) stal\\s. I-IoJC- 
cvcr, a s\~bsel ol‘ Il\c ~\w~llcii wlio p;\rlic~ip;\~c’d itt tltc I,ips el. al. 
(19!)(j) s1ttcly :\ttcl \\:I\0 Ivct-c’ sr\1~plen\ctttc~tl Ivil.11 10 11s (400 IU)/cla> 
of vitamin D had ;\ signilic;\r\t gain i\\ cl\a~lgc it\ I3MD ;\t the I‘cmora1 
neck &et‘ 2 J’c;\I~. iit ;\clclitic)il to itict-c;\c;ccl 25(01-I)l) ;\t\tl tl~~c:r-car;ctl 

circulaling I’TI-I (001tts ct al., 1995). No sigrtific.;\tll L%nlD cfl’ccts 
were Li~uncl in tltc otltcr bone sites mc;\sut~ccI: the fctnot~;\l ttYKh;\tlt- 
er and tltc disl.al t-atlir\s. 

Stuclics iit I,olli 1voittet1 and men suppletnen~ecl ‘iviI.11 10 1o 25 llg 
(400 to 1,000 Il!)/day of’ \iratnitl D ltavc sllo\\:~t I-~tlt~cetl hone IT- 
sot-pliott by \,at-iorts rtritlat-!’ ittat-kci-s (13txici. CI al., I !)!)I,; (:ll;rptiy et 
al., 1992; Igslnosc et al., 1987; Farclcllot~c CI al., lW5; Kanlcl et al., 

1996; Sebct-1 ct al.. 199%; SOIYI et al., I!)!) I ). 111 \\‘oIllcll slt]Iplctllctlt- 

cd I‘or 18 nlotillts willi both c;\lci\\ttt ;\i\d 20 lig (SO0 lU)/day ol 
vitamin D, L~IvI(: ittct-cased significantly, and vertebral a11d tlotwctW- 

braI fractiires dcci-cxwcl sigt\ificantly (Chap\ty cl >\I.. It)%?). 

Evidence is sttX)ng rhal. the elderly aiT at ltiglt t-isk rot- vitamin D 
deficicttcy, which ~aiiscs scco~~tlaty hypc:t‘l>aratltyt-oiclisln and osLcotlla- 

lacia and cx;~c~~l~~~cs osteoporosis, rcs\\ltittg in inct-easctl risk ol‘skcle- 
tal fracturcs (cll;\]-“l)’ ct al., 1992; E~stllosc Cl ;\I., 19,Y7; I-Iotlkanetl et 
al., IWO; McI(etttta, 1092; Pietschm;;ntt ct. al., IWO). 111 a cott\pat-ison 
ofvitatltin D status in 1.11~ clclerIy in EIII-opt a~ltl Not?11 America, nyrnc 
et al. (1995) and McI~elln;l (1992) collclwlecl thar tlx elderly at-c 

apt-ottc lo h~~1>o~~i~\ntitlc,sis 1‘) and associated al,not-tnalities of bone 
clictnis~t-)i illIt 11lill ;I Sll]I~~l~ltl~tlt Of 10 IO 20 }lg (400 IO 800 IU)/da) 
woulcl be of Imiclir. Iii si~p~~ort 0L‘ Lltis, S, 14, and 4.5 pet-cent olelclcrl~~ 
subjects \vl\o ll;\tl tl;\ily tlictaiy \.iti\llli\l II i\lt;\kes Of 9.6. 7. I, ;~tld 5.2 }lg 
(384, 283, xicl 207 IL!), rcspccti~.ely, wcrc: cottsiclct~ccl lo be ~~il~\tnin I) 
deficient based on low ser\tttt 2.5(013)D levels (Glorll et ;\l., 1995; Kin- 
yamu ct al., 1W; O’Dowtl et al., lW3). Therefore, based on the avail- 
able liler:\[\tt’e, ;\ val\tc Of 7.5 1lg (300 II!)/tl;\!~ ill;\!’ I?(? prllclCtlt Li)l. 

those individuals over’70 years of age with limited sun esposut-e and 
stores. 111 order to cover the needs of‘adults over age 70, regardless of’ 
cxposu~ to sunlight and stores, the alcove value is doubled for an AI 
of 15 pg (600 IU)/clay. 

AI for Men 
AI for Women 

> 70 years 
> 70 years 

li pg (600 IU)/day 
15 pg (600 IU)/day 

l\;l~rlic:~~tiol7.r. Gl ucocorticoicls arc well known for their anti. -in- 
~lanitixtLo~-y properties. One of’ the most undesirable side effects of‘ 
glucocot-ticoid therapy is severe ostcopenia. One of the tnechanisms 
by which glucocorticoicls induce ostcopenia is by inhibiting vitamin 
D-clepcnden t intestinal calcium absorption (Lukert and Kaisz,. 
1990). Therefore, patients on glucocortAcoic1, therapy may require 
additional vitatnin D in order to tnaintain their serum 25(OH)D. 
levels in the mid-normal range (25 to 45 ng/ml [G2.5 to 112.5. 
ntnol/lilcr]). 

Mcclicalions to control seizures, sr~ch as phenobarbital and dilan- 
tin, can alter the metabolism and tlte circulating half-life of vitamin 
D (Favt~s and Christakos, 1996). IHolick (1994) recommended thar 
patients on at least two antiseizure medications who at-e institution- 
alized, and therefore not obtaining most of th;eir vitamin D require- 
ment from exposure to sunlight, increase their vit.atnin D intake to 
approximately 25 11s (1,000 IU)/clay to &lint&n their serum 
25(01-I) D Ic~~els within the mid-not-ma1 ran& of 25 LO 45 ng/ml 
(62.5 to 112.5 nntol/liter). This should prevent the osteomalacia 
and vitamin D deliciency associated with antiseizure medications. 

S~rcn~ 25(0H)L). Paunier et al. (1978) evaluated the vitamin D 
intake from foods, supplements, and sunshine esposure of 40 healthy 
women at the time of delivery of their babies during the months of 
Januaty and Febt-wuy. M~otncu takitly; less than 3.8 11s (150 IU)/day 
had an average serum 25(OH)D cottcentralion of 9.1 + 1.5 ng/mI 
(22.75 + 3.75 ntnol~/liter), while women taking more than 12.5 pg (500 
IU)/day had a concentration of 11. I & 1.3 nq/tnl (27.75 I 3.25 nmol/ 
lir.et-), Althottgh the au$ors noted no signi‘ticant difference between 
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Altllougl~ thc,rC is allll)lc evidence I‘or pl;~ccii~;il traiislC~~ ol 

25(OH)D from tllc mother to the fetus (Pa\,nicr et al., 1!)78), the 
quant,itics arc rclati\Tly sInall and cl0 not aplXXr I0 al‘l.cct tllc O\‘cl‘- 

all vitamin D slaLb~s of‘ pregnanl womell. Wo~llell, \vllcrllcr ~>,“fp~\11l 

or not, wllo rccci\rc iqulal- ocposu1~0 to sunlight do Ilot Ilccd Ivita- 
niin II s~i~~I)l~!iI~Clli;~tio~~. Howc:~:er, at vitarllill D illt;tkcs less tlla11 3.8 
pg (150 IU)/tl;i)~, prcgiia~lt wonlen. duriilg tile willtc‘r lllol\ths al 
high latitudes hatI ;I 1nca11 25(OH)D concentration ()I‘ 9. I ng/1111 

(22.75 nmol/litcr) at deliver): (Parinier et al., 19%). ‘I‘lii~s, Ilierc is 
no additional ncccl lo iilcrcase the Vitamin 13 age-i’cl~tcd AI during 

pregnaucy abo\~; lliat rcqliir-ed for noilp~~cgimll ~voi,,~n. Howe\.er, 
an intake of‘ 10 11g (400 IU)/day, wllich is supplied by prenatal 
vitamin supple~nents, would not be esccssive. 

AI for Pregnancy 14 through 18 years 5.0 pg (ZOO IU)/day 
19 through 30 years 5.0 pg (ZOO IU)/day 
31 through 50 years 5.0 pg (200 HJ)/day 

?,ldiCfllO~ Ihd ;o $?I sh AI , 

S~~71.m 25(UFIjD. During lactation, small and probably insignificani 
quantities of maternal circulating vitamin D and its m&ab&tes ari 
sccretctl into human milk (Nakao, 1988; Specker et al., 1985a). Air 
though there is no reason to expect the mother’s vitamin D require- 
ment to be increased during lactation, some investigators have deter; 
mined whether the infant can be supplemented via the mother’s milk; 
Ala-Houhala (1985) and Ala-No~~Ixda et al. (1986) evaluated the vita- 
min D status of mothers and their inf:nnts supplemented with vitamili 
D. IHealthy mothers delivering in January received either 50 pg (2,000 
IU) /day, 25 Ilg (1,000 IU) /clay, or no vitamin D. Their infants were 
exclrGely Immt-fd and received 10 11g (400 IU)/day of vitamin D if 
tllc:ir ~notl~crs rcccivc(l none. hlicr 8 weeks of lact.ation, 25(0H)D: 
collcclnlratiolls of‘ infants who were breast-fed from women receiving! 
50 11s (2,000 IU)/day of vitamin D were similar to those of infants.:- 
supplemcn~ed will1 10 pg (400 IU)/day. The serum 25(OH)D levels in? 
the infants from mothers receiving 25 pg (1,000 IU)/day were sign@ 
cantly lower. None of the infants showed any ciinical or biochemical 
signs of rickets, and all inLmts showed equal growth. Although it wast 
concluded that postpartum maternal supplementation with 50 i~gz. 
(2,000 IlJ)/thy ofvilatni~l 11, htl tiol 25 11s (1,000 IU)/day, seenled 10~. 
normalize sc:rum 25(01-I) D concentration in infants fed human breast: 
milk in the winter, the maternal 25(OH)D level increased in the two groups,: 
of IT~WI-s recei\;lllg 50 or 25 116 (2,000 or 1,000 IU)/day oftiti~nin D 
cornparcd with mothers who received no vitamin D supplementation. 

There is no scienl.ific literature l.llat has determined a minimum 
vitamin D intake to sustain serum 25(OH)D concentration in the 
normal range during laclation, and there is no evidence that lacta- 
tion increases a mother’s AI for vitamin D. Tllerefore, it is reason- 
able to extrapolate from observations in nonlactating women that 
when sunlight expostn-e is inadequat.e, an AI of 5.0 pg (200 IU)/day 
is needed. However, an intake of 10 pg (400 IU)/day, which is 
sttpplied by postnatal vitamin supplements, would not be excessive. 

Al for Lactation 14 through 18 years 5.0 pg (ZOO IU)/day 
19 through 30 years 5.0 pg (ZOO IU)/day 
3,l through 50 years 5.0 
1 

pg (200 IU)/day 
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