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* Paul A. Lachance, Ph.D.
Harold L. Newmark, D. Sci.
Rutgers, the State University of New Jersey
164 Frelinghuysen Road
Piscataway, New Jersey 08854-8020

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 ug) 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).

Qo P-0obu B TONI
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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,

@m 3 8

Dennis E. Baker
Associate Commaissioner
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 07103-2714

Robert P. Heaney, M.D.

John A. Creighton University Professor
" Creighton University

California at 24™ Street

Omabha, Nebraska 681780-0650

Martin Lipkin, M.D.

Professor of Medicine

Cornell University Medical College
New York, New York 10021

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 10021
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Lee Wattenberg, M.D.

Department of Laboratory Medicine and Pathology
6-133 Jackson Hall

* University of Minnesota

321 Church Street, S.E.

Minneapolis, Minnesota 55455-0315
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cc:

GCF-1

HF-22

HF-26

HF-28

HFA-305 (Doc. # 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:FBSatchell& HFS-800:MSCalvo:3/30/00:202-260-0545:6771
Initialed: HFS-820: VL Wilkening:3/30/00:202-205-5763 o
Revised:HFS-800:CJLewis:4/1/00:202-205-4561
Initialed:HFS-820:CJLewis:4/1/00
Reviewed:HFS-832: YK Park:4/10/00:202-205-4750
Revised:HFS-820:FBSatchell:4/14/00
HFS-820:FBSatchell:4/19/00
GCF-1:DDorsey:5/15/00:301-827-7144
Initialed:GCF-1:DDorsey:5/18/00
F/T:bls:5/19/00
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Public Heaith Service

Food and Drug Administration
Washington DC 20204

FEB 10 2000

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)
S0 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, 2000).

Top priorities for FY 2000 include:

. Food Safety Initiative: Enhance key program areas, particularly
inspections (both domestic and imports), outbreak response, and retal
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.

. Dietary Supplements: 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.
Shalala.

. Food Biotechnologyv: 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 fully 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 CﬁC, 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 1n 2000.

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. Iam very proud
of the nearly 90% success rate on the 1999 workplan. It means the system 1s working,
and that predictability, productivity and accountability 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, .
O Gﬁ\ukddr

Joseph A. Levitt

Director

Center for Food Safety
and Applied Nutrition
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Nutrition,
Health
Claims and
Labeling -
Continued

“B” List

10.

Develop a strategy based on input from the IOM Food Forum and Keystone,
respectively, regarding the most appropriate scientific and regulatery 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 rule 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
(RDI/DRV’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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Vitamin D

BACKGROUND INFORMATION

Overview

Vitamin D (calciferol), which comprises a group of fat soluble
seco-sterols that are found in very few foods naturally, is photosyn-
thesized in the skin of vertebrates by the action of solar ultraviolet B
radiation (Holick, 1994). Vitamin D comes in many forms, but the
two major physiologically relevant ones are vitamin D, (ergocalcif-
erol) and vitamin D, (cholecalciferol) (Fieser and Fieser, 1959).
Vitamin D, originates from the yeast and plant sterol, ergosterol;
vitamin D, originates from 7-dehydrocholesterol, a precursor of cho-
lesterol, when synthesized in the skin (Figure 7-1). Major metabolic
steps involved with the metabolism Dy are similar to those of the
metabolism of Dy, Vitamin D without a subscript represents cither
D, or D, or both and is biologically inert, requiring two obligate
hydroxylations to form its biologically active hormone, 1,25-dihy-
droxyvitamin D (1,25(OH),D) (DeLuca, 1988; Reichel 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 minerals from the diet (DeLuca, 1988; Reichel et al., 1939)
(Figure 7-2). 1,25(0OH),D enhances the efficiency of intestinal cal-
cium absorption along the entire small intestine, but primarily in
the duodenum and jejunum. 1,25(OH),D; also enhances dietary
phosphorus absorption along the entire simall intestine (Chen et

250
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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 b
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 deposi
ed in the bone as calcium hydroxyapatite.

A multitude of other tissues and cells in the body can recogniz,
1,25(OH),D (Stumpf et al., 1979). Although the exact physiologi
function of 1,25(OH),D in the brain, heart, pancreas, mononucle

ar cells, activated lymphocytes, and skin remains unknown, its mz’

jor biologic function has been identified as a potent antiproliferz
tive and prodifferentiation hormone (Abe et al., 1981; Colston ¢

al.,, 1981; Eisman et al., 1981; Smith et al., 1987). There is littl .
evidence that vitamin D deficiency leads to major disorders in thes :

organ and cellular systems.

Physiology of Absorption, Metabolism, and Excretion

Because dietary vitamin D is fat soluble once it is ingested, it is incor

porated into the chylomicron fraction and absorbed through the lym

- phatic system (Holick, 1995). It is estimated that approximately 8:

percent of the ingested vitamin D enters the body via this mechanism -

Vitamin 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), th«

enterohepatic circulation of vitamin D is not considered to be aj
important mechanism for its conservation (Fraser, 1983). However
since vitamin D is metabolized to more water-soluble compounds, :
variety of vitamin D metabolites, most notably calcitroic acid, ar
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-hydroxyvitamin D (25(OH)D) (DeLu

and the metabolism of vitamin Dy to

95(OH) Dy and 1,25 (OH)4Dg. Once formed, 1,25(OH),Dgy car.rics out the blI:)Il:;)«
'\f ot . of vitamin D on the intestine and bone. Parathyroid hc.mnox.wc ( ‘ NP Hatio Ehydrooiamin D (25(OH)D) (Del
ic un(,uoﬂs‘1 ‘\ i o?i'"l 25(OH) oDy which, in turn, stimulates intestinal calci- s gur an . e circu g r
promo(cs the synthesis A 9D3gs

lcium mobilization, and regulates the synthesis of PTH 25(QH)D is a good feﬂection Qf cu‘mulative effects of exposure tc
um transport ax;ld l?gnﬁecargduced with permission, Holick (1996). sunlhlght and dietary intake of vitamin D (Haddaq and Hahx.l, 1973
by negative fecdback. Rep Holick, 1995; Lund anéi Sorensen, 1979). In the liver, vitamin D-25

b}

<&

FIGURE 7-2 Photosynthesis of vitamin Dy
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hydroxylase is regulated by vitamin D and its metabolites, and there-
fore, the increase in circulating concentration of 25(OH)D alter
exposure to sunlight or ingestion of vitamin D is relatively modest
compared with cumulative production or intake of vitamin D (Hol-
ick and Clark, 1978). The appearance in the blood of the parent
compound, vitamin D, is shortlived as it is cither stored in the fat or

-metabolized in the liver (Mawer et al,, 1972). The hall-life of

25(OH)D in the human circulation is approximately 10 days to 3
weeks (Mawer et al., 1971; Vicchio et al,, 1993). Administration of
95(OH)D results in approximately two to five times more activity
than giving vitamin D itself in curing rickets and in inducing intesti-

nal calcium absorption and mobilization of calcium from bones in

rats. However, at physiologic concentrations, it is biologically inert
in affecting these functions (DeLuca, 1984).

In order to have biologic activity at physiologic concentrations,
95(OH)D must be hydroxylated in the kidney on the l-carbon posi-
tion to form 1,25(OH),D (Holick et al., 1971; Lawson et.al., 1971)

(Figures 7-1 and 7-2). It is 1,25(OH),D that is thought to be the

biologically active form of vitamin D and that is responsible for
most, if not all, of its biologic functions (Del.uca, 1988; Fraser, 1980;
Reichel et al., 1989). The production of 1,25(OH),D in the kidney

(1s tightly regulated, principally through the action of PTH in re-

sponse to serum calcium and phosphorus levels (DeLuca, 1984; Por-
tale, 1984; Reichel et al,, 1989) (Figure 7-2). The halfife of
1,25(0OH),D in the circulation of humans is approximately 4 to 6
hours (Kumar, 1986). Because of the tight regulation of the pro-
duction of 1,25(OH),D and its relatively short serum half-lile, it has
not proven to be a valuable marker for vitamin D deficiency, ade-
quacy, or excess.

25(OH)D and 1,25(0OH),D may undergo a hydroxylation on the
24-carbon to form their 24-hydroxy counterparts, 24,25-dihydrox-
yvitamin D (24,25(OH),D) (Figure 7-1) 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(0OH),D (Deluca, 1988). The final degrada-
tive product of 1,25(0OH) 4Dy 1s calcitroic acid, which is excreted by
the kidney into the urine (Esvelt and Deluca, 1981) (Figure 7-1).
Although the kidney supplies the body with 1,25(OH),D to regu-
late calcium and bone metabolism, it is recognized that activated
macrophages, some lymphoma cells, and cultured skin and bone
cells also make 1,25(OH),D (Adams et al., 1990; Holick, 1995; Pillai

et al, 1987). Although the physiologic importance of locally pro-

duced 1,25(0OH),D is not well understood, the excessive unregulat-
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ed productlop of 1,25(OH),D by activated macrophages and lym:
phom'ft cells is responsible for the hypercalciuria associated with
chronic granulomatous disorders and the hypercalcemia seen with
lymphoma (Adams, 1989; Davies et al., 1994).

Factors Affecting the Vitamin D Requirement
Special Populations

Elderly. Aging significantly decreases the capacity of human skin td
produce vitamin D, (MacLaughlin and Holickt? 19%,5). In adulisklcr)t/gi
age 65 years, there is a fourfold decrease in the capacity to produce
vitamin Dy when compared with younger adults aged 20 to 30 years
(Holick et al., 1989; Need et al., 1993). Although one study suggested
that L}']?I“C may be a defect in intestinal calcium absorption of tracer
quantities of vitamin Dy in the clderly (Barragry et al., 1978), two other
studies demonstrated that aging does not significantly affect absorp-
tion of pharmacologic doses of vitamin D'(Clemens et al., 1986; Hol-
ick, 1986). It is not known whether the absorption of physi(’)lo ic
amounts of vitamin D is altered in the elderly. 5

Malabsorption 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%a‘t
ciency because of their inability to absorb dietary vitamin D (Lo et
al., 1985). Thus, patients who are unable to secrete adequate -
amounts of bile or who have a disease of the small intestine are |

more prone to develop vitamin D deficienc i ir i ility
. ‘ y owing to their inabilit
to absorb this fat-soluble vitamin. 8 4

Sources of Vitamin D

Vltami.n D intake from food and nutrient supplements is ex-
pressed in cither international units (1U) or micrograms (pg). One
119] of vitamin D is defined as the activity of 0.025 pg of choleéalcif- :
erol in b{oassays with rats and chicks. Thus, the biological activity of
1 pg of vitamin D is 40 IU. The activity of 25(OH)D is 5 times more
potent than cholecalciferol; thus, 1 IU = 0.005 ng 25(OH)D.

Sunlight

~ Throughout the world, the major source of vitamin D for humans
is the exposure of the skin to sunlight (Holick, 1994). During sun
z.

E
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exposure, the ultraviolet B photons with energies between 290 and

315 nm are absorbed by the cutancous 7-dchydroc holesterol to form

the split (seco) sterol previtamin Dy (Holick et al., 1980; Macl.augh-

lin et al., 1982). This phot()synthesm of vitamin D occurs in most

plants and animals (Holick et al., 1989).

However, a varicty of factors ki ...it the cutaneous production of vita-

min D,. Excessive exposure to sunlight causes a photodegradduon of
prewtamm D, and vitamin D to ensure that vitamin D4 intoxication
cur (Holick, 1994: thr‘k et al., 1981; Webb et al., 1989)

cannot occur (FACHCK, 1%, HOHCs LL 4l

(Figure 7-2). An increase in skm melanin plgmemauon or the topl(:"xl
application of a sunscreen will absorb solar ultraviolet B pnomns and
thereby sionificantly reduce the pmducuon of vitamin DQ in the skin

LllLlLU) b Al Ll GEILLY TRARRILA, B2

(Clemens et al., 1()82 Matsuoka et al., 1987). Latitude, time of day,
and season of the year have a dramatic influence on the cuiancous
production of vitamin D, Above and below Jatitudes of approximately

TOGULLON O Vitaizl

40° N and 40° §, wspccuvdv vitamin Dy qynthesw in the skin is absent
during most of the three to four winier months (Ladizesky et al., 1995;
Webb et al., 1988). The far northern and southern latitudes thend

tlns period (m up to 6 months (Holick, 1994; Oliveri ct al., 1993).

Dietary Intake

Accurate estimates of vitamin D 'lllL(‘l‘l\\,
available, in part because the vitamin D INpOosition of fortified foods
is hlghly variable (Chen et al,, 1993; Ho k et al., 1992) and because

the U.S. intake surveys do not mch.db estimates nf vitamin D intake.

Using food consumption data from the second National Health and
Nutrition Examination Survey (NHANES II), median vitamin D in-

he United States are not

o)
P,

Ty
1%

takes from food by young women were estimated to be 2.9 pg (114
1U) /day, with a range of 0o 49 pg (O to 1, 960 IU)/ddY (Muxphy and

ITIN /

Calloway, 1 86). A sxmllar median vitamin D intake, 2.3 pg (90 1U)/
; a sample of oldm women (Krall ctal., 1989).

Food Sources

In nature, very few foods contain vitamin D. Those that do in-

clude some fish liver oils, the flesh of fatty fish, the liver and f{a

{rom acuatic mammals such as seals and polar bears, and eggs from

hens that have been fed vitamin D (Hohck 1994; ](*ans 1‘)")()) Al~

{e I\r(‘ comes

most all of the human intake of vitamin D from {oods co
fortificd milk products and other fortified foods such as b 1C<\L11st

cereals. The vitamin D content of unfor tified foods is genemlly low,

with the exception of fish, many of which contain 5 to 15 pg (200 to

_,.-

g
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600 1U) /100 g; Atlantic herrin
g contain u to as
(lAbeO [U) /100 g (USDA, 1991). P much as 40 yg
ter vitamin D was recognized as being cr“ucal y important for the
prevention of rickets, the United States, Canada, and m many other coun-

tries instituted a policy of fortifying some foods with vitamin D (Steen-

bock and B]d(‘k’ 1924\ Milk v was chosen as the nrincins! &
nosen as e pr uu.l})cu uletai_y’ comni-

onent to be for
P ortified with either vitamin D, or vitamin D,. In other

countries, some cereals, margar ine, and breads also have small quanti-
ties of added vitamin D (Li ips et al., 1996). In the United States an

CL Al Azi lLiav inllu oualcs aud

Canada, all milk, ir respectlve of its fat content, is fortified with 10 ng

fANND TY TN P

l\;uu IU)/quart and 9.6 pg (385 IU)/liter, respectlvely, of vitamin D.
owever, durmg the past decade, three surveys in which the vitamin

Leli L a2 CoRRA YYAXAN A1 LMLV, YRUAALLELL D

mmpmu uuougnou[ the United States and Canada did not contain
vitamin D in the range of 8 to 12 ng (320 to 480 IU) /quart (the 20

TOU LU MW L Ui LU

percent variation allowed by current labelmg standards) F urthermore

N s b

62 percent of 42 various miik Sdmples contained less th
an 3 pg (320
[U) /quart of vitamin D, and 14 percent of skim milk samples }i(g Ao

Cletec(‘abl(a Vlld]nln D C}]er} Q A Yt €A Raks
2L, 1988). All oot m( en et al., 1993; Holick et al., 1992; Tanner et
). Ali proprictary infant formulas must also contain vitamin:D #

in the amount of 10 pg (400 IU) /liter. However, these products have’

also been found to have
wide
(Holick et al., 1999 variability in their vitamin D content.

..... LN CL At

\/

Intake from Dietary Supplements

In the one available study of dietary supplement intake in the

United States, use of vitamin D supplements if the previous 2 weeks

in 1986 was reported for over one-third of the children 2 to
C-LllrQG O win¢ Cnudaren < to U yCde

of age, over one-fourth of the women, and almost 20 percent of the

V2 N ST TR ey

men (v
(Moss et al., 1989). For supplement users, the median dose

was the same for men, women, and cluldren~ 10 pg (400 IU) /day.
PRVAV] l\J}/ uay

However, the nmety-ﬁfth percentlle was the same as the median for -

AN YT oTT

b o
;;’;C children (still 10 pg {400 IU1/day), indicating little variation in
¢ upper range for young children, while the ninety-fifth percen-

e A ARy R B8 T~

tile for adulm was con51dcrably hlqher' 20 pg (800 IU)/day for men

and 17.9 uv (68
and 17.2 pg (686 1U) /day for women.

I

Lifects of Vitamin D Defi riencv

Vitamin D deficiency is characterized bv inadequate mineral-
ization or demineralization of the skeleton In chlldren vitamin

3
b4
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D deficiency results in inadequate mineralization of the skele-
ton causing rickets, which is characterized by widening at the
end of the tong bones, rachitic rosary, deformations in the skele-

ton including frontal bossing, and outward or inward deformi- -

ties of the lower limbs causing bowed legs and knocked knees,
respectively (Goldring et al,, 1995). In adults, vitamin D defi-
ciency leads to a mineralization defect in the skeleton causing
osteomalacia. In addition, the secondary hyperparathyroidism
associated with vitamin D deficiency enhances mobilization of
calcium from the skelcton, resulting in porotic bone (Favus and
Christakos, 1996). .

Any alteration in the cutaneous production of vitamin Dy, the
absorption of vitamin D in the intestine, or the metabolism of vita-
min D to its active form, 1,25(0OH),D, can lead to a vitamin D-
deficient state (Demay, 1995; Holick, 1995). In addition, an alter-
ation in the recognition of 1,25(OH),D by its receptor can also
cause vitamin D deficiency, metabolic bone disease, and accompa-
nying biochemical abnormalities (Demay, 1995).

Vitamin D deficiency causes a decrcase in ionized calcium in
blood, which in turn leads to an increase in the production and
secretion of PTH (Fraser, 1980; Holick, 1995), PTH stimulates the
mobilization of calcium from the skeleton, conserves renal loss of
calcium, and causes increased renal excretion of phosphorus lead-
ing (o a normal fasting scrum calcium with a low or low-normal
serum phosphorus (Holick, 1995). Thus, vitamin D deficiency is
characterized biochemically by either a normal or low-normal se-

rum calcium with a low-normal or low-fasting serum phosphorus

and an clevated serum PTH. Serum alkaline phosphatase is usually
elevated in vitamin D deficiency states (Goldring et al., 1995). The
elevated PTH leads to an increase in the destruction of the skeletal
tissue in order to release calcium into the blood. The bone collagen
by-products, including hydroxyproline, pyridinoline, deoxypyridin-
oline, and N-telopeptide, are excreted into the urine and are usual-
ly elevated (Kamel ct al., 1994).

It is well recognized that vitamin D deficiency causes abnormali-
ties in calcium and bone metabolism. The possibility that vitamin D
deficiency is associated with an increased risk of colon, breast, and
prostate cancer was suggested in epidemiologic surveys of people
living at higher latitudes (Garland et al., 1985, 1990; Schwartz and
Hulka, 1990). At this time, it is premature to categorically suggest
that vitamin D deficiency increases cancer risk. Prospective studies
need to be carried out to test the hypothesis.
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ESTIMATING REQUIREMENTS FOR VITAMIN D

Selection of Indicators for Estimating the Vitamin D Requiremen[

Serum 25(OH)D

The serum 25(OH)D concentration is the best indicator for d
termining adequacy of vitamin D intake of an individual since
represents a summation of the total cutaneous production of vits
min D and the oral ingestion of either vitamin D, or vitamin [
(Haddad and Hahn, 1973; Holick, 1995). Thus, serum 25(0OH)]
will be used as the primary indicator of vitamin D adequacy. @

The normal range of serum 25(OH)D concentration is the rhea
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 bic
chemical abnormalities associated with metabolic bone disease, 11
cluding elevations in alkaline phosphatase and PTH concentratior -
in the circulation (Demay, 1995), have been correlated with serui
25(OH)D. A 25(0OH)D concentration below 27.5 nmol/liter (1.
pg_/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 )
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
clderly, there is mounting scientific evidence to support their increase
requirement for dietary vitamin D in order to maintain normal calc
um metabolism and maximize bone health (Dawson-Hughes et al
1991; Krall et al., 1989; Lips et al,, 1988). Thercfore, the serui
25(OH)D concentration was utilized to evaluate vitamin D deficienc
in this age group, but it was not the only indicator used to determin
the vitamin D reference value for the elderly.

Serum PTH concentrations are inversely related to 25(OH)D s
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 PT)

4

H



260 DIETARY REFERENGE INTAKES

concentration, in conjunction with 25(OH)D, has proven to be a
valuable indicator of vitamin D status.

The few studics conducted in African Americans and Mexican
Americans suggest that these population groups have lower cir-
culating concentrations of 25(OH)D and higher serum concen-
trations of PTH and 1,25(OH),D when compared with Cauca-
sians (Bell et al., 1985; Reasner et al., 1990). It is likely that
increased melanin pigmentation (which decrecases the cutane-
ous production of vitamin D) and the lack of dictary vitamin D
(due to a high incidence of lactose intolerance) are the contrib-
uting causes for this. :

Serum Vitamin D

The serum concentration of vitamin D is not indicative of vitamin
D status. As stated previously, its half-life is relatively short, and the
blood concentrations can range from 0 to greater than 250 nmol/
liter (0 to 100 ng/ml) depending on an individual's recent inges-
tion of vitamin D and exposure to sunlight.

Serum 1,25(0H),D

Similarly, the serum 1,25(0OH),D level is not a good indicator of
vitamin D. This hormone’s serum concentrations are tightly regu-
lated by a variety of factors, including circulating levels of serum
calcium, phosphorus, parathyroid hormone, and other hormones
(Fraser, 1980; Holick, 1995).

Evaluation of Skeletal Health

The ultimate effect of vitamin D on:human health is maintenance
of a healthy skeleton. Thus, in reviewing the litcrature for deter-
mining vitamin D status, one of the indicators that has proven to be
valuable is an evaluation of skeletal health. In neonates and chil-
dren, bone development and the prevention of rickets, either in
combination with serum 25(OH)YD and PTH concentrations, or by
itself, are good indicators of vitamin D status (Gultekin et al., 1087,
Koo et al., 1993: Kruse ct al., 1984; Markested et al,, 1986G; Mcul-
meester ¢t al., 1990). For adults, bone mineral content (BMC), bone
mineral density (BMD), and fracture risk, in combination with se-
rum 25(OH)D and PTH concentrations, have proven to be the most
valuable indicators of vitamin D status (Brazier et al., 1995; Dawson-
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Hughes et al.,, 1991, 1995; Lamber ’-Allardt et al.. 1989, 1993: ,;:
et al,, 1991; Webb et al., 1990). 8 , 1989, 1993; So‘r?

Recommendations for Adequate Intake

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 sexc‘
can obtain all of their body’s requirement for vitamin D throug
exposure to an adequate amount of sunlight. However, the sur
lightmediated synthesis of vitamin D in the skin is profoundly a
fegted by a wide variety of factors, including degree of skin pigmei
tation, latitude, time of day, scason of the year, weather condition
and the amount of body surface covered with clothing or sunscree
(Holick, 1994). Therefore, it is very difficult to determine an acct
rate value for an Estimated Average Requirement (EAR) as most «
the studies are subject to one or more of these variables, especial
exposure to sunlight, which is difficult 1o quantitate. ;

Vll:dn]ill D is a hormone, and therefore, when considering éh
requirements for vitamin D, EARs would represent gross estimate
of the need for the active hormone. The only studies that provid:v
an approximation of how much vitamin D is required to maintai’
an individual’s serum 25(OH)D concentration above that associa?
ed with abnormalities in BMD are ones that have been conducte:
in the winter at far northern and southern latitudes where'exposlur'f
to sunlight does not produce any significant quantities of vitamin ]
(Ladizesky ct al., 1995; Markestad and Elzouki, 1991). Howeve:
‘these studies still do not account for subjects’ exposure to sunligf
in the spring, summer, and fall when illeicutaneous synthesis ¢
vitamin D occurs and it is stored in the body fat for use in th
winter.

Another limitation of the reported studies is the assumption mad
regarding the vitamin D content of various foods. Despite gover:
ment mandates for vitamin D fortification of milk in both the Uni
ed States and Canada, actual analysis has shown this fortification t
be highly variable (Chen et al., 1993; Holick et al., 1992; Tanner ¢
al., 1988). Furthermore, the amount of vitamin D fmm’d naturall
in foods, such as fish liver oils, fatty fish, eu;i\d egg yolks, is very d«
pendent on the time of the year these foods are harvested. Studic
that report the dietary intake of vitamin D[based on the expecte
amount of vitamin D fortification of milk, inargarine, cereals, an
breads are highly susgect because the analysis of the vitamin D’ col

i
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tent in the foods at the time of the studies may have been either
inadequate or not determined (Chen ct al., 1993; Holick et al.,
1992; Tanner et al., 1988). Although dictary intake studics rarely
conduct simultancous analysis of the chemical composition of food,
it is assumed that the data in the food composition database are
adequate, _

Infants aged 0 to 6 months who are born in the late fall in far
northern and southern latitudes can only obtain vitamin D from
their own stores, which have resulted from transplacental transfer
in utero, or from that provided by the diet, including mother’s
breast milk, infant forinula, or supplements. Because human milk
has very little vitamin D, breast-fed infants who are not exposed to
sunlight are unlikely to obtain adequate amounts of vitamin D from
mother’s milk to satisfy their needs beyond early infancy (Nakao,
1988; Specker et al., 1985b). Therefore, an Adequate Intake (AD)
for infants ages 0 through 12 months is based on the lowest dietary
intake of vitamin D that has been associated with a mcan serum
25(OH)D concentration greater than 2.2 IU (11 mg) /liter (the low-
er limit of normal). Further, it is assumes no exogenous source of
vitamin D from sunlight exposure.

Children aged | through 18 years and most adults obtain some of
their vitamin D requirement {rom sunlight exposure. Since the is-
sue of sunlight exposure confounds the literature, intake data are
not available to determine an EAR, a true estimated average re-
quirement, that can be strongly supported as a value at which half
of the population group for which it is derived would be at in-
creased risk of inadequate serum 25(OH)D. In addition, no studies
have evaluated how much vitamin D is required to maintain normal
blood levels of 25(OH)D and PTH in children or adults who have
been deprived of sunlight and dietary vitamin D for a period of
more than 6 months. Because sufficient scientific data are not avail-
able to estimate an EAR, an Al will be the reference value devel-
oped for vitamin D. The Al represents the intake that is considered
likely to maintain adequate serum 25(OH)D for individuals in the
population group who have limited but uncertain sun exposure
and stores, multiplied by a safety factor of 100 percent for those
unable to obtain sunlight. When consumed by an individual, the Al
is sufficient to minimize the risk of low serum 25 (OH)D and may
actually represent an overestimate of true biological need.

The recommended Al assumes that no vitamin D is available from
sun-mediated cutaneous synthesis. This synthesis is especially im-
portant for calcium metabolism and bone health for the very young
and for older adults. It is well documented that infants and young

~vitamin D had total milk vitamin D concentrations ran
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chﬂdrctn who live in far northern latitudes are at high risk for devel
oping rickets (Lebrun et al., 1993). At the,other end of the age
spectrum, older adults are more prone to developing vitamin L
(rlehciency (Holick et al., 1989; Nced et al., 1&)93)‘ Indeed, vitamir
- D deficiency is now a significant concern in adults over the age of
50 years who live in the northern industrialized cities of the worlc
(Dawson-Hughes et al., 1991; Gloth et al., 19;95; Lips et al., 1988)

FINDINGS BY LIFE STAGE AND GENDER GROUP

Ages 0 through 6 Mont/fzs

Indicators Used to Estimate the Al

Human Milk. The vitamin D available to the infant during thc
first 6 months of life depends initially on the vitamin D status of the
mother during pregnancy and later on the infant’s exposure te
sunlight and diet. Conservative cstimates of the length of time z
humap milk-fed infant in the Midwest must be exposed to sunligh
to maintain serum concentrations above the lower limit of norma.
are 2 hours/week with only the face exposed to sunlight or 30 min:
utes/weck with just a diaper on (Specker et al., 19L85b). Human
milk cpntains low amounts of vitamin D, and colostrum average':r-z
397 + 216 ng (15.9 + 8.6 1U) /liter of vitamin D (Nakao, 1988).In =
populati(?n of 25 Caucasian and African American women who hac:
a mean vitamin D intake of 11.4 pg (457 IU) /day, milk concentra-
tions of vitamin D and 25(OH)D were 315 ng (12.6 IU) /liter anc
188 ng (37.6 1U)/liter respectively, with a total of 51 IU/liter of
biologic activity (1 IU of vitamin D = 95 ng and 1 IU of 25(OH)D =
5 ng). Women consuming 15 to 17.5 pg (600 to 700 IU) /day of

in
120 to 3,400 ng (5 to 136 IU) /liter with a predicted meangof%égor:)
'('26 IU) /liter (Specker et al., 1985b). Although maternal vitamin D
mtake. is associated with the vitamin D content of human milk, the
le.utcr 1s not correlated with the infant’s serum 25(OH)D concentra-
tions, due to the overwhelming eftect of sunlight exposure on thc
mfant’s vitamin D status (Ala-Houhala, 1985; Ala-Houhala et al
1132(})3 Feliciano et al., 1994; Hillman, 1990; Markestad and F,lzouki:

!

Serum 25(OH)D, Linear Growth, and Bone | ass. Although an in-

dividual’s serum 25(0OH > ion i ' i i
g | ( ! YD concentration is the best biochemical
4 i
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marker of vitamin D status, [unctional indicators of bone length
and reduced bone mass (rickets in the extreme form) serve as usc-
ful evaluative outcomes of deficiency. Vitamin D intakes between
8.5 and 15 pg (340 and 600 IU) /day would have the maximum
effect on linear growth (Feliciano et al., 1994; Fomon et al., 1966;
Jeans and Stearns, 1938; Stearns, 1968). At intakes greater than 45
pg (1,800 IU)/day, lincar grqwth may be reduced (Jeans and
Stearns, 1938).

A recent study in Chinese infants (Specker et al., 1992) demon-
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 the infants from northern China (40 to
47° N), vitamin D supplements of 2.5 or 5 pg (100 or 200 1U) /day
resulted in 17 of 47 and 11 of 37 infants, respectively, having serum
25 (OH)D concentrations less than 27.5 nmol/liter (11 ng/ml) by 6
- months of age. For infants supplemented with 10 pg (400 [U) /day,
only 2 of 33 had deficient vitamin D status. In contrast, Chinese
infants from two southern cities (22° N and 30° N) maintained
normal vitamin D status even on 2.5 pg (100 1U) /day of vitamin D.

Seasonal variation in vitamin D status of infants s also apparent.
In studics from the United States (Greer et al., 1982a; Specker and
Tsang, 1987) and Nonvay (Markestad and Elzouki, 1991), serum
95(OH)D concentrations in human milk-fed infants not receiving
vitamin D supplements deercased in winter due to less sunlight ex-
posure. However, this decrease did not occur in infants receiving a
vitamin D supplement of 10 pg (400 1U) /day beginning at 3 weceks
of age (Greer et al., 1982a). The impact of the seasonal reduction
in vitamin D status on bone mineral mass has not been clearly de-
lincated. In Greer's (1982) study, BMC of the placebo group was
significantly less than the vitamin D-supplemented group at 12

weeks, but this difference was no longer significant by 26 weeks of

age. However, there were no differences in the mean scrum calci-
um, alkaline phosphatase, or PTH levels between the placebo and
vitamin D-supplemented groups. '

Al Summary: Ages 0 through 6 Months

With habitual small doses of sunshine, breast- or formula-fed in-
fants do not require supplemental vitamin D, Forinfants who live in
far northern latitudes or who are restricted in exposure to suntight,
a minimal intake of 2.5 pg (100 IU)/day of vitamin D will likely
prevent rickets (Glaser et al., 1949; Specker et al., 1992). However,
at this intake and in the absence of sunlight, many infants will have
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serum 25‘(OH) D concentrations within the range often observed i
cascs of rickets (Specker et al., 1992). For this reason, and assumint
that infants are not obtaining any vitamin D from suryllight an Al o
at least b pg (200 IU) /day is recommended. , :

Al for Infants 0 through 6 months 5.0 pg (200 IU)/day

Special Considerations

Infant Formula. Dietary needs for vitamin D are similar for in
fants fed formula or human milk. Koo et al. (1995) studied infant:
of very llow birth weight who were fed high-calcium and high- hos.
pl}orus infant formulas. They found that an average intakg OFvité
min D.as low as 4 pg (160 IU)/day in the experimental formul:
maintained normal and stable vitamin D status physical rrowlh‘
biochemical and hormonal indices of bone mir’leraI meta%olism
and skeletal radiographs. In another study of exclusively formula -
fed N(?lwxfegiarl infants who received 7.5 pg (300 IU)/day);fvitalnil
D, all u}fants attained a serum 25(OH)D"ConcentratiOI1 above 27.F “
nm()l./ll'ter (11 ng/ml) (Markestad and Elzouki, 1991). This x‘GSL{i='
was similar to the concentrations attained by infants stﬁdieci at tl
end of the summer who were fed human milk, ‘ :

From a physiological perspective, whether infants are fed humar:
milk or formula, their needs for dictary vitamin D whien not ex :
I)()sgci to sunlight are the same. Thus, vitamin D intake of formul: .
fed infants not exposed to sunlight should be at least 5 rg (20?
[U) /day. However, 10 1g (400 1U) /day, the current amount iLhdud-

ed in ] liter of standard infant formula or 1 quart of commercia;
cow milk, would not be excessive. ' |

Ages 7 through 12 Months

Indicator Used to Estimate the AJ

‘ Serum 25(0OH)D. Studies from three countries provide evidence
for the lower range of intake of vitamin D th]at will support nérm ]
serum 25(OH)D concentration in infants between 7 ang 12 montli
of age. In Norway, Markestad and Elzouki (7 991) reported that ir
the w.m'ter, older infants who had received la vitamin pre arati(;g
contaming on average 5 pg (200 1U)/day of vitamin D 'fchieved
serum 25(OH)D levels that were intermediate between. those of the

infants studied at the end of summer and formula-fed infants. In

d




266 DIETARY REFERENCE INTAKES

the United States, Greer etal. (1982a) followed groups of infants
who were fed human milk and exposed on average to 35 minutes/
day of sunshine. Those who received either a placebo or 10 pg (400
1U) /day of vitamin D had similar serum 25(OH)D concentrations
at 1 year ol age. Similarly, in Hong Kong, Leung et al. (1989} fol-
lowed 150 formula-fed infants who had a mean intake of 8.6, 3.9,
and 3.8 pg (345, 154, and 153 1U)/{day of vitamin D at 6, 12, and 18
months, respectively. They observed that none of the infants at 18
months had a serum 25(OH)YD level less than 25 nmol/liter (10
ng/ml) and that the mean values in May and Junce were higher than
in January through April.

Al Summary: Ages 7 through 12 Months

In the absence of any sunlight exposure, an Al of 5 pg (200 1U)/
day will result in few infants ages 7 through 12 months with serum
25(OH)D concentrations less than 27.5 nmol/liter (11 ng/ml). This
i1s based on the observation that, in the absence of sun-mediated
vitamin D synthesis, approximately b pg (200 IU) /day of vitamin D
maintained 25(OH)D levels in the normal range, but below circu-
lating concentrations attained by infants in the summer. However,
an intake of 10 pg (400 TU), which is supplied by 1 liter of most
infant formulas or 1 quart of milk, would not be excessive.

Al for Infants 7 through 12 months 5 pg (200-IU)/day

Ages 1 through 3 and 4 through:§ Years
Indicator Used lo Estimale the Al

Serum 25(OH)D.  Essentially no scientific literature exists that
systematically evaluates the influence of different amounts of vita-
min D intake on either BMC, bone radiography, or scrum 25(OH)D
in children aged 1 through 3 and 4 through 8. Although vitamin D
intake was not reported, Meulmeester et al. (1990) measured circu-
lating concentrations of 25(OH)D and PTH in 8-year-old children
in an observational study and found that the serum PTH increased
when the 25(OH)D levels were below 20 nmol/liter (8 ng/ml).
Because serum 2h(OH)D concentrations in children corrclate well
with cumulative exposure to sunlight or dietary intake of vitamin D,
this biochemical marker is appropriate for assessment of vitamin D
. nceds of growing children. The major limiting factor in interpret-
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g relevant studies in this age group is the inconsistency in control
-of Sun exposure when measuring dietary intake as the intervention
and vice versa. Often, relative sun exposure has to be presumed
from the country where the study was conducted. '
Whpn Sun exposure is consistently adequate throughout the year
aS'I[, 1? p_resunllcd to be in South Africa, 1- to 8-year-old children o%
mixed race showed no evidence of vitamin D deficien
‘25(OH)D > 77.5 nmol/liter [31 ng/ml]) (Pettifor et alc.y I(Sggll)r)n
.Unfortunately, dietary intake was not evaluated. When v’itamin D
intakes were less than 2.5 ng (100 1U) /day (mean intakes 0.6 + 1 8
Hg or 25 + 70 1U/day) in vegetarian children younger than 6 ;ea.rs
lltvn;g ;n El.oston, 4 out of 70 children in this 3-year longitudinal
sty develomed o e . .
. ;]?’ clzx‘;cg;)'pul radiologic evidence of vitamin D deficiency (Dwyer
.In the absence of age-specific data, additional observations in
slightly older children were considered. In a longitudinal study in
.N()nvay, where sun exposure is presumed to Vary( over the year, an
intake of vitamin D of about 2.5 ng (100 1U)/day from forti;‘led
margarine maintained normal vitamin D status in children aged 8
to 18 years (Aksnes and Aarskog, 1982). In 6- to 17-year-old Indian
cl'nlclr'en in Turkey, a daily average intake (calculated from a 1-week
dict history) of 2.0 + 0.4 ng (78.6 + 17.9 1U) compared with 1.1 + 0.8
g (45.3 + 10.8 IU) vitamin D, appeared to support a better se}u;n
QE{(OH).D status in most children in this observational stud
(Gultekin et al,, 1987). In neither study was sun exposure mea)—,
sured. Taken together, these studies suggest that a dietary vitamin
ngil]?:dket}?f 19 tfo ‘2‘3 ng (135 to 100 IU) /day may‘l be adequate when
. synthesis of vitamin D is limi in pi
memgtior]‘ is limited by sun exposure or skm pig-
Children aged 2 to 8 years obtain most of their vitamin D from
exposure to sunlight (Ala-Houhala et al., 1984; Gultekin et al. 1987;
Mculmeester et al., 1990; Oliveri et al., 1993; Pettifor et al. ’19783"
Riancho et al., 1989; Taylor and Norman, 1984) and there’fore do’
not normally need to ingest vitamin D. However for children who
live in far northern latitudes such as in northern Canada and Alas-
ka, vitamin D supplementation mmay be necessary.

AL Summary: Ages 1 through 3 and 4 through 8 Years

.Thcirc are no data on how much vitamin D is required to prevent
vitamin D deﬁaency in children aged 1 through 8 years. Extrapolat-
ing from avallable.data in slightly older children (Aksnes and Aar-
skog, 1982; Gultekin et al.,21987) and from different continents for
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sed wdequate sunlight, most children

children who are not exposea o ac ‘H | o
who had a mean dietary intake of 1.9 10 2.5 pg (75 o 100 1U) /day

[y

Atamin D deficiency
(Gultekin et al., 1987) showed no evidence of vitami ¥

rmal serum 253(OH)D values. To cover the needs of
dn(l lld(l 110o7riMdl SCruiit <«

almost all children ages I though 8, regardless of CXPOSUTe to sun-
light, the above mhw is doubled for an Al of 5 pg (200 1U)

Al for Children 1 through 3 years 5'9 pg (200 IU)/day

s 1 S BB

Al for Children 4 through 8 years 5.0 pg (200 1U)/day

7

5 Years

2

Ages 9 through 13 and 14 throug/ h 18}
Indicator Used lo Lstimate the Al

serum 25(0OH)D. During puberty, the mctabohsn(\ 0([ 2*)(10{1)13_
to VZ‘;(OH) D increases (Aksnu and Ausl\og 1982) e in

ey LT snhanice intesty nal
creased blood concentrations of 1,2t 25(0OH),D enhanc Ll e
r,l m absorption to provide adequate calcium for the rapidly

at dem-
g1 owmg skclcton However, there is no scientific L\’lI(I ‘n hdt{dcrk
: “ ittty 1Y A ana ()‘]u 1g
onstrates an increased requirement for vitamin ‘ In Ull“,)() IU)/dd
> Y
aged 8 to 18 years, who are estimated to ingest 2.5 ng ( y

> in
5 concentration in
of vitamin D from mdrgmmc the mean 2! )(()I-/l D

areh 55 4 OF liter (22 + 1 ng/ml)
tihhe chiidren in late March was 55 % 7

(Aksnes and Aarskog, 1932).

¢ n-
In the few studies available, children during the puber tal years mai

A serum 25(OHND level with dietary vitamin D intakes
l(\ll\(,(\ a norinai serum IS SR Y

of 2.5 to 10 pg (100 to 4()0 IU)/(ld)’ Aksnes and /\(u slx(;i (C:ii)“:rli
1tin Scandinavian children aged 8 to 18 yee
Lhe Gf{iﬂ%lﬂ@{?u‘”\ /day from margarine or 10 pg (4()() 1U)/day from

3 g (VU Y/ Gy

9 K "
inte . At intakes less than 2.5 pg
supplunents during the winter “Tmonths. A

I PRt

(100 1U) /day, Turkish children aged 12 0 17 years had in{)ml. ‘? ueun_
I5(OH\D ¢ oncentrations that were consistent with vitamin D dctia

FAAR I S RS A A il

cy (< 27.5 nmol/liter [« 11 ng/ml]) ((;ultekm et al., 1987). In those

5 Hin Do serum

with mean intakes of 2.0 = 0.5 ng (79 = 18 1U) /day of \’Iu\iiuu://, ]b). Lfm
95(OH)D levels were 32.75 + 2.75 nmol/liter (13. 1+ 1.1 ng/m

LR

boys and 14.5 + 1.75 nmol/liter (5.8 + 0.7 ng/ml) for girls. With regu-

t be a dietary nced for vitamin D (Ala-
lar sun exposure, there would no g

Houhala et al., 1984; Gultekin et al,, 1987; Pctuim et al., 19784; Rian-

cho et al., 1989 Taylor and Nm mcm 1984). I’l()WC\(‘l children who

V § S 1a% n C Q\/H-
§ 1 ] N Ciit } \uLl‘(LII\, 3 may e u ‘lﬂ o
ll e 1N U]L ldl nor (ll(l n (ul(l SO l( )

1 i i p o ¢ se In Lhc
thesize enough vitamin D in thClr skin that can be sL(n(,d for us
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iay need a vitarin D suppiement (Oliveri et
, 1938).

Al Summary: Ages 9 through 13 and 14 through 18 Years

Vitamin D that is synthesized in the skin durmg the summer and
fall months can be stored in the fat for usc in the winter (Mawer et
al,, 1972), thereby

minimizin ngt he 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 1Pcuh in a chanee |

(VL | ACS

a change in the borderline
amount of c1rcu1atmg 25(OH)D that would be considered the min-
iimum for adequacy. Thus, in the absence of additional data, 27.5
nmol/liter (11 ng/ml) is the appropriate cutoff for this age group

W LRARAL AU Ul 4P 1uu

Most children dch 8 to 18 years who ingested 2.5 ug (100 IU)/day

f vitamin D from margarine had no evidence of vitamin D defi-
uency and had a normal serum 25(OH)D level (Aksnes and Aar

skog 1982) To cover the needs of <lll>c_hﬁdrcn ages 9 through 18

years ess of exposure to sunlight, the above value is doubled
for an AI 5 pg (200 1U) /day.

Al for Boys 9 through 13 years 5.0 pg (200 IU)/day. . *
14 through 18 years 5.0 pg (200 IU)/day
Al for Girls 9 through 13 years 5.0 pg (200 1U)/day
14 through 18 years 5.0 pg (200 1U)/day
Ages 19 through 30 and 31 through 50 Years
Indicator Used to Estimate the AJ

Serum 25 (OH)D. There is little scie

1hc 1r1formc1l10n that re-
lates vitamin D intake, bone health. an

health, 1 D status as deter-

mined by serum 25(OH)D and PTH concentrations in young adult

and adult age groups. A descriptive longitudinal study of seven adult
female patients in Great Britain (age range 20 to 46 years) who
consumed a diet that contained from 0.4 to 1.7 pg (15 to 68 1U)/
day of vitamin D revealed that the women developed clinical and

biochemical features of osteomalacia after 1 to several veare No

LA LR DS I8 4 § 3 Ll . LY
information about sunhght exposure was provided, and the patients

arhioved a el

achievea a positive calcium balance when consuming 2.5 pg (100
[U) /day of vitamin D (Smith and Dent, 1969).

Raual dlffelences were not evident in measures of serum

ross-sectional study in 67 Caucasian (age
!

“ |

\V“/ Alllix
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36.5 £ 6.4 years) and 70 African American (age 37 £ 6.7 years)
premenopausal women living in the New York City arca, who were
active and exposed to sunlight. With an average daily intake of 3.5 +
2.1 pg (139 £841U) and 3.6 = 1.8 pg (145 £ 73 [U) /day, respective-
ly, as measured by food frequency questionnaires and interviews,
~the Caucasian and African American women had similar normal
serum 25(OH)D and PTH concentrations. However, BMD in both
the lumbar spine and radius was significantly higher in the African
American women (Meier et al,, 1991). During the winter months
(November through May) in Omaha, Nebraska, all except 6 per-
cent of a group of young women aged 25 to 35 years (n = 52)
maintained serum 25(OH)D levels greater than 30 nmol/liter (12
ng/ml) when daily vitamin D intake was estimated to be 3.8 to $.4
pg (131 to 135 TU)/day (Kinyamu et al., 1997). Taken together,
these studies suggest that adults younger than 50 years of age in the
United States depend on sunlight for most of their vitamin D re-
quirement. Physiological reliance on dictary vitamin D probably
only occurs in the winter months in a small proportion who are not
exposed to sunlight during the summer.

Indirect evidence of the importance of sunlight to vitamin D sta-
tus was obtained from a recent study in 22 young male submariners
(aged 18 to 32 years) who were not exposed to sunlight but who
maintained their serum 25(OH) D at concentrations similar to those
measured just before entering the submarine for 3 months with 15
ng (600 1U) /day of vitamin D (Holick, 1994). Those submariners
who did not receive a vitamin D supplement had a 38 percent de-
cline in serum 25(OMH)D concentration after 1.5 and 3 months in
the submarine. Lower supplement doses were not studied. The se-
rum 25(OH)D levels of the nonsupplemented group increased by

more than 80 percent when the submariners were exposed to sun- -

~light for one month. :

The importance of dietary sources of vitamin D was demonstrated by
observations of significantly lower serum 25(OH)D (67.5 + 47.5 nmol/
liter [27 + 19 ng/ml]) concentrations in males and females who were
strictly vegetarian (mean age 42 + 10 years) in the winter in Helsinki,
Finland, compared with a control group of healthy omnivorous wom-

~en with mean serum 25(OH)D concentration of 117.5 + 87.5 nmol/
liter (47 + 15 ng/ml). Six of the 10 strict vegetarians had 25(OH)D
levels below the lower reference limit of the group (62.5 nmol/liter
(25 ng/ml}) indicating vitamin D deficiency (Lamberg-Allardt et al.,
1993). Based on a 2-week food record, vitamin D intake in the strict
vegetarians (0.3 pg or 10 IU/day) was markedly lower than in the

!
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)

control group (4.5 pg or 180 IU/day). Serum PTH concentrations

were significantly higher in the vegetarians (57 ng/liter) compared

with the control group (28 ng/liter), and 3 out of 10 subjects had

concentrations that were higher than the upper reference limit (65
ng/liter), indicating secondary hyperparathyroidism.

i

Al Summary: Ages 19 through 30 and 31 through 50 Years

Bascd on the available literature, both sunlight and diet play an
essential role in providing vitamin D (o this age group. Because cuta
neous vitamin D synthesis is markedly diminished or absent in the
wmter, young and middle-aged adults who live in northern (> 40°N)
and southern latitudes (> 40°S) can become vitamin D deficient
(Kinyamu ¢t al,, 1997). During the winter months in Omabha,
Nebraska, most women with an average intake of 3.8 to 3.4 ng (131

to 135 1U) /day of vitamin D had serum 25(OH)D concentrations .
greater than 30 nmol/liter (12 ng/ml) (Kinyamu et al., 1997). Be- |

cause there are no data for men only, other than those from subma- |

riners at a high supplement intake, it is assumed that the Al:for |

men is similar to that for women. To cover the needs of adults ages
19 through 50 years, regardless of exposure to sunlight, the above
value is rounded down to 2.5 pg (100 IU) and then doubled for an
AL of 5.0 pg (200 TU) /day. .
i

Al for Men 19 through 50 years 5.0 pg (200 TU)/day:
Al for Women 19 through 50 years 5.0 pg (200 IU)/day - g

Ages 51 through 70 Years

Indicators Used to Estimate the Al

~ Serwm 25(OH)D. Although this age group also depends on sun-
light for most of its vitamin D requirement, this population may be
more prone to developing vitamin D deficiency, owing to a variety
of factors that reduce the cutaneous production of vitamin D,. In-
creased use of clothing to cover the skin and prevent the dam;ging
cffects of sunlight (Matsuoka et al., 1992) and increased use of sun-
screen can increase the risk of vitamin D deficiency (Holick, 1994).
Aging also decreases the capacity of the skin to produce vitamin D
(Holick et al., 1989; Need et al., 1993)

¢
¥
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Bone Loss. Dictary supplementation of vitamin D in older women
has been shown to influence bone loss. When vitamin D intake from
food (2.5 to 5.0 pg or 100 to 200 TU/day) was supplemented with 2.5
or 17.5 pg (100 or 700 1U) /day in a double-blind, randomized 2-vear
trial in 247 p()s(mcn()pausai women (mean age 64 +£ 5 years) from
Boston, loss of BMD of the femoral neck was less (~1.06 = (.34 per-
cent) in the group supplemented with 17.5 pg (700 L) /day than in
the group supplemented with 2.5 pg (100 TU) /day (-2.54 + 0.37 per-
cent) (Dawson-Hughes et al.,, 1995).

Two further studies underline the importance of dietary intakes
of vitamin D during the winter season in older adult populations. In
333 ambulatory Caucasian women (mean age h8 + 6 years), serum
PTH concentrations were elevated in winter (between March and
May) in women consuming less than 5.5 pg (220 1U)/day of vita-
min D, whereas no scasonal variation in serum PTH concentration
occurred when vitamin D intakes were greater than 5.5 pg (220
1U)/day (Krall ct al., 1989). In a study that measured bone loss
between seasons in older women (62 + 0.5 years) who had usual
vitamin D intakes of 2.5 pg (100 1U) /day, dietary supplements of 10
ng (400 1U)/day nppeared to reduce loss of spinal bone, at least
during the 1 year of this randomized intervention trial (Dawson-

\Hughes et al.,, 1991). This finding is similar to that reported above
regarding bone loss in the femoral neck, which was less in post-
menopausal women who supplemented their diet containing 2.5 jig

(100 TU)/day of vitamin D with 17.5 pg (700 1U) /day vitamin D
compared with those who did not (Dawson-Hughes ct al., 1995).
Taken together, these studics provide cvidence, at least in women,
that dictary intakes of vitamin D higher than 2.5 pg (100 [U) /day
are necessary at ages 51 through 70 years to prevent higher rates of
bone loss during periods of low sun exposure.

Al Summary: Ages 51 through 70 Years

Using bone loss as an indicator of adequacy and data from studies
of women, described above, a dictary vitamin D intake of 2.5 pg
(100 TU)/day is inadequate. Although data do not exist for males in
this age range, there is 110 reason to believe that their dietary vita-
min D requirement should be different from that for females. Ata
vitamin D intake greater than 5.5 yg (220 1U) /day, there was no
seasonal variation in serum PTH concentration (Krall et al., 1989).
Given that there are few data from individuals with lunited but un-
certain sun exposure and stores to prcciscly determine a value be-
tween 2.5 pg (100 1U) and 17.5 pg (700 TU), 5 pg (200 1U) was
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chosen. To cover the needs of : <
) reds of all adults ages 51 thr ars
the above value was doubled for an Al of lg(’) ;lg) (41(})](1)(;%%11 " e

Al gg: Men 51 through 70 years 10 pg (400 IU)/day
omen 51 through 70 years 10 pg (400 1U)/day
{

|
Ages > 70 Years ,

Indicator Used to Estimate the Al

Serum 25(0OH)D. There is strong cvidence for a ‘

- M .- Y- -~ M ) ; ) - N decr ! ! ]
FI.LZI‘]:[[:‘I;ggC‘C\)’;l[iLHL:.dl.l()ns of ‘25. (OH)D and increased riske:fs (;I:(illectl:ﬂ
o (C.hcvllk‘a;gl)ng,] anil it is most apparent after the age of 70
yea Peqcoci 12)‘;7{ a . 1994; Dzuvson-l—lughds etal, 1991; Hordon:
MCGra{h o a’] .{9(),;4;]111berg—Allardt et al.,, 1989; Lips et al,, 19I88';‘¢
e Coai v al. 1993 N et a, 19943 Ooms et al., 1995; Villacal e
subclinic’al vitamindb’ deg(ger}g{l(\l:fltt;l ;3;3]' (gég(glﬁ)gduc{ed i
si>clinical vita : Cruny )D concentra-
m(;l](; ;)efcl(;:;sdtlllmn] 5?7.5< nn‘1ol/l1te'r .(15 ng/ml) was associate;r:\:irt‘lii
P hosphen le‘c]eﬁ ;(})srelx;pa{_athyroxdx.?m, lower serum calcium and
Phosphm%e: §, lower urinary calcium, and higher serum alkaline :
qLI::iotlhlgtl%?)xtlhﬁlonll defscnp%lve studies in the aging population sug-:
(éncc serum 2’5(0&1:)1()) cf)l:::lcl%ltlxt l?'nd l_OW lillnalke ) amin D infu-

nce s ! entration in elderly subjects i ’
;;fixllicern zlg;n(l(l)ls (N()vcn}b‘er to May) in Olnzll]:z)l,sll\llzll;:.:i(? ‘;llln]%utthg
per .d‘“ o {GWO,H-]C,H IIVI‘H‘g in m.u"s!'ng homes (imean age’84 yczllrs)
pdalbu s:(:‘rpuc:f(é:’lt of 64 free-living women-(mean age 71 years)
i Whén L(;Iz]y)v(lg?]z? ]l)evl(nll% ireater than 30 nmol/liter (12
g/ml), : c ' ake was estimated ¢ 5.
t(}fg ?lig)],\fﬁ]] the m)lrsmg home l‘esidcnts,and 3.4 pg 33261&)2 ft;.
ing the Wimegr\:vomcln (Kinyamu et al., 1997). In-another study dur-
g the w femaléont ?s. (January to May) in New York City with 109
ral QS(OH)D ‘ 111‘11‘51ﬁ-g ?mme residents (mean age 82 years), se-
e o) W(A(inkc.c,nu ation was greater than 37.5 nmol/liter,(lf)
([;‘y (Q’D(,w(]):fi ,I"]l nllg( avitamin D supplement of 10 ng (400 1U)Y/
o (ODowd ,l ;1 (:28;%313). In those residents:with mean vitamin D
tak below. 25; g | 1\ 'U)_/day, 14 percent had serum 25(OH)D
(mean et ‘xllmo /IVILCI (10 ng‘/ml). Similarly, in 116 subjects
Bamm(),i q(\,-u,:i g)rw((;le confined 11’1d(?ors for at least 6 months in
, SC H( ?I)D concentration was below 25 nmol/liter
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10 ng/ml) in 45 percent with vitamin D mldkcs ranging from 3.0
to 7.1 pg (121 1o 282 1U) /day (Gloth et al., 1995).

BdS(,d on S(,\’(,l‘dl ldn(l()nll/(‘(l (l()lll)l(‘ l)llﬂ(l (l]]ll( (ll Lllcll\ \\’IUI Ll(l-
erly women or both men and women, a vitamin D intake of 10 pg
(40() IU)/day is needed to maintain normat 25 (OII)D and serum
PTH status. This result was observed when the duration of the
min D intervention was for 1 year (Lips et al., 1988) or 3.5 ycars
(Lips et al., 1996). In the latter study, there was no advantage to 1(
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Hamin D status. How-

other peripheral bractures despite the better vi

ever, a subset of the women wh() participated in the Lips et t al.
[1006EY el el rere sunplemented with 10 ng 14(\(\ It 1\ /rU‘\_7
L19909) \LUU\ andit Wiy warce su PPRICHICIIC Wi TUN DU e

of vitamin D had a significant g(\m in change in P\ID at the (unox al
neck after 2 years, in addition to increased 25(OH) D and dec reased
; '}q PTH (Ooms et al.. 1995). No significant BMD cllects

LI NSNS el oal,, LAV B rgicaii Cclte
were found in the other bone sites measured: the femoral trochant-
er and the distal radius.

Studies n\ ]\r)th women lnri men Qllﬂﬂ‘(‘lﬂ(’nl()(] \\llh 10 to 2!") Ug

(400 to 1,000 1U)/day of vitamin D lm\c shown reduced bone re-
sorption by various urinary markers (Brazier ctal., 1995 Chapuy et
al., 1992; Egsmose et al,, 1987; Fardellone et al., 1‘)()) Kamel et al.,
1996; Sebert et al., 1995, gona etal,, 1991). In women su])pl(‘nwn(-
ed for 18 m(mlhs with both calcium and 20 pg (800 1U) /day of
vitamin D, BMC increased significantly, and vertebral and nonverte-

bral fractures decreased mgmhcantly (( hapuy et al., 1992).

s IR Y4

AT LA A VNP
Ad dUMmMAry: Ages > /U 1ears
Evidence is strong that the elderly are at high risk f
deficiency, which causes s(‘((m(huy hyperparathyroidism An(l osteoma-
lacia and exacerbates osteoporosis, resulting in increased risk of skele-
7 ot (1‘! 1()(}‘) chn\l\ o et al IQQ7 III\HL anecen et
., 1992; Egsmosc et a

Cu AV Loy LI A [ANAS D8 v

oy by

tal fracturcs \\n‘(‘]“d
al., 1990; McKenna, 1992; Pietschmann et al., 1990). In a comparison
of vitamin D status in the elderly in Europe and North America, Byrne
et al. (1995) and McKenna (1992) concluded that the elderly are

criti IYAUINCI i lal Ll Catdeit

~Zm

sprone to hypovitaminosis D dnd assoclatu\ abnormalities of bone

chemistry and that a supplement of 10 to 20 pg (400 to 800 1U) /day
would be of benelit. In support of I}HQ 8, 14, .m(l 45 P(‘l((‘n( of Cld(‘ll\

subjects who had daily dietary vitamin D intakes of 9.6, WL and 5.2 pg
(384, 283, and 207 IU), respectively, were considered to be vitamin D
deficient based on low sertum 25(OH)D levels (Gloth et al., 1995; Kin-

yamu ct al., 1997, O'Dowd ct al., 1993). Therefore, based on the avail-
able literature, a value of 7.5 pg (300 1U) /day may he prudent for

P
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those individuals over*70 years of age with limited sun exposure and
stores. In order to cover the needs of adults over agc 70, rcgardless of

CXposure [Pve bow N <

3OsUIe o sunugnt an 1l stc ores, the above value is doubled for an Al

of 15 pg (600 1U) /day.

Special Consideration

Medications.  Glucocorticoids are well known for their anti-in-

Hammatory properties. One of the most undesirable side effects of
glu(ornrnrmd theranv is severe osteconpenia. One of the mecha

therapy 08 Peitia. N O UiC mednanisms

by which glucocorticoids induce ostcopenia is by inhibiting vitamin

Uclcpcndent intestinal calcium absorption (Lukert and Raisz,.
99()) ThGICIOI‘C Ddtl?nfq on (rhlrnr nrnrmrl theranv mav reanire

FRMLVAALMLANA, Mikiap)y tuay ICYUIre

additonal vitamin D in order Lo maintain their serum 25(OH)D:

levels in the mid-normal range (25 o 45 ng/ml [62.5 to 112.5.
nmol/liter]).

Mcdicalions to control seizures, such as phenobarbital and dilan-

1, can alter the metabolism and the circulating half-life of vitamin
(I‘wus and Christakos, 1996). Holick (1995) recommended that:

datients on at least two antiseizure medications who are institution- -
alized, and therefore not uuuumnq most of their vitamin D require- -

ment from exposure to sunlight, increase Lhu,u vitamin D intake to:

approximately 25 pg (1,000 IU)/(]A)’ to m(untcun their serum
95(OH)D levels within the mid-nori AR
D)D) levels within the mid-normal ldllh(, of 25 o 45 ng/mi

((JZ to 112.5 nmol/liter). This should prevent the osteomalacia
and vitamin D deficiency associated with dnmcwure medications.

=

Pregnancy

Indicators Used to Set the Al

Serum 25(OH)D. Paunier et al. (1978) evaluated the vitamin D

intake from foods, supplements, and sunshine exposure of 40 healthy
women at the time of delivery of their babies during the months of

S21 (i iid Jizuaiy Ul

_]dnu(ny and February. Women taking less than 3.8 pg (150 IU) /day

had an average serum 25(OH)D concentration of 9.1 + 1.5 ng/ml
(22.75 £ 3.75 nmol/liter), while women taking more than 12.5 pg (500

IU) /day had a concentratlon of11.1+1.3 ng.,/ml (27.75 + 3.95 rt{mol/

Y A.__. . e v N

liter). Although 1[{1015 noted no significant difference between
X
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these two values in the mothers, newborns of mothers who received
the vitamin D supplement had a statistically higher serum calcium
level on the fourth day of life than those from mothers with the lower
vitamin D intake. Several studies have evaluated supplementation after
the pregnant woman'’s first trimester with either 10 or 25 pg (400 or
1,000 IU)/dziy of vitamin D. It was concluded that vitamin D sppple-
mentation increased circulating concentrations of 25(()!-1)1‘) in the
mother (Anderson et al., 1988; Cockburn et al., 1980; Delvin et al.,
1986; Mallet et al., 1986; Markested et al., 1986; Reddy et al,, 1983) and

.\ . .o . « . N . C .
may improve neonatal handling of calcium (Cockburn et al., 1980;

Delvin et al., 1930). o '

During pregnancy, theve is a gradual rise in a woman’s serum
1,25(0OH),D concentration that is paralleled by an increasc in her
blood concentration of vitamin D binding protein (Bikle et al., 1984;
Bouillon et al,, 1981). However, during the last trimester, the wom-
an’s serum 1,25(01H),D Tevel continues to rise without any change
m the vitamin D bin(’ﬂng protein level, causing an increasc in the
free concentration ofl 1,25(01*])2D. Evidence is strong that the p'la-
centa metabolizes 25(OH)D to 1,25(OH),D and therefore contrib-
utes to the maternal and possibly fetal blood levels of 1,25(0H),D
(Gray et al., 1979; Weisman et al,, 1979).

Al Summary: Pregnancy

Although there -is ample evidence for pl:d(:(:nlnl n‘mlsi‘cr of
25(OH)D from the mother to the fetus (Paunier et "\.l," 1978), the
quantitics are relatively small and do not appear to affect the over-
all vitamin D status of pregnant women. Women, whether pregnant
or not, who reccive regular exposure to sunlight do not nced vita-
min D supplementation. However, at \’itax'nin D inla.kcs less than 3.8
pg (150 1U)/day, pregnant women. during the winter mounths at
high latitudes had a mean 26(OH)D (‘(m(‘.cmmlxon ,(3{ 9.1 ng/n}I
(22.75 nmol/liter) at delivery (Paunier et al., 1978). Thus, therg 1S
no additional need to increase the vitamin D age-related Al during
pregnancy above that required for nonpregnant wormen. However,
an mtake of 10 pg (400 1U)/day, which is supplied by prenatal
vitamin supplen'lelfl.s, would not be excessive,

Al for Pregnancy 14 through 18 years 5.0 pg (200 IU)/day
19 through 30 years 5.0 pg (200 IU)/day
31 through 50 years 5.0 pg (200 IU)/day
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3
Lactation !
Indicator Used to Sel the Al . [

Serum 25(OH)D. During lactation, small and probably insignifican
quantities of maternal circulating vitamin D and its metabolites are
secreted into human milk (Nakao, 1988; Specker et al., 1985a). Al
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-Houhala et al. (1986) evaluated the vita-
min D status of mothers and their infants supplemented with vitamin
D. Healthy mothers delivering in January received either 50 pg (2,000
IU) /day, 25 pg (1,000 1U) /day, or no vitamin D. Their infants were
exclusively breast-fed and received 10 pg (400 TU) /day of vitamin D if
their mothers received none. After 8 weeks of lactation, 25(OH)D:
concentrations of infants who were breast-fed from women receivingy
50 pg (2,000 1U)/day of vitamin D were similar to those of infants:
supplemented with 10 pg (400 IU) /day. The serum 25(OH)D levels in
the infants from mothers receiving 25 pg (1,000 IU) /day were signifis
cantly lower. None of the infants showed any clinical or biochemical
signs of rickets, and all infants showed equal growth. Although it was
concluded that postpartum maternal supplementation with 50 g
(2,000 TU) /day of vitamin D, but not 25 pg (1,000 U} /day, seemed tos.
normalize serum 25(OH)D concentration in infants fed human breast®
milk in the winter, the maternal 25(OH)D level increased in the two groups®
of mothers receiving 50 or 25 pg (2,000 or 1,000 TU) /day of vitunin D
compared with mothers who received no vitamin D supplementation.

Al Summa:)y: Laclation

There is no scientific literature that has determined a minimum
vitamin D intake to sustain serum 25(OH)D concentration in the
normal range during lactation, and there is no evidence that lacta-
tion increases a mother’s Al for vitamin D. Therefore, it is reason-
able to extrapolate from observations in nonlactating women that
when sunlight exposure is inadequate, an Al of 5.0 ng (200 1U) /day
is nceded. However, an intake of 10 pg (400 TU)/day, which is
supplied by postnatal vitamin supplements, would not be excessive.

Al for Lactation 14 through 18 years 5.0 pg (200 IU)/day
19 through 30 years 5.0 pg (200 IU)/day

3;l through 50 years 5.0 pg (200 IU)/day
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TOLERABLE UPPER INTAKLE LEVELS ; -
. < =
Hazard Identification e B e ~ v 2
P . : . . : : 22--525c E£298%%28 2
Hypervitaminosis 1 is characterized by a considerable increase in Q e T - k- Rl NS =N
plasma 25(OH)D concentration to a level of approximately 400 to g I g e %}3 ; SoEE S S8
1,250 nmol/liter (160 to 500 ng/ml) (Jacobus et al,, 1992; Stamp ct % - < i §—5 = ;f g IR g Ea
al., 1977). Because changes in circulating levels of 1,25(0OH),D are E = g g—gégg g‘g 51;’ 3.3'—5 § g = .é%?
generally small 'zmc\ unrc\iz‘lble, the elevated levels of ‘2.5(OH)D are 0 Sl &&T SEA SowE 35 3 n‘u: QLS «g g |
considered the indicator of toxicity. Flowever, increases in circulating k= RN
levels of 1,25 (0H),D in the range of 206.5 10 252.6 pmol/liter (85.9 to %4 L;_" % E oz w oo
105.1 pg/ml) have been reported (Deluca, 1984; Holick, 1995; Reich- =~ SSEES i 7 | 8 ¥
el et al., 1989), which might contribute to the expression of toxic = - slss s
symptoms. As indicated carlier, serum 25(OH)D is a useful indicator -5 o2 " v
of vitamin D status, both under normal conditions and in the context . 53 B -
of hypervitaminosis D (Hollis, 1996; Jacobus et al., 1992). £ £ g::—; + - o e o ‘_"3
The data in Table 7-1 suggest a divect relationship between vita- g 4%35\57 O S A < AR2%ll 2
min D intake and 25(OH)D levels. Serum levels of 25(OH)D have = gﬁ?
diagnostic value, particularly in distinguishing the hypercaleemia , g e
duc to hypervitaminosis D from that -duc to other causes, such as ' :E =
hyperparathyroidism, thyrotoxicosis, humoral hypercalcemia of A 8%
malignancy, and lymphoma (Lafferty, 1991; Martin and Grill, 1995). e s
The adverse effects of hypervitaminosis D are probably largely = ;’J’ z o8 S22
mediated via hypercalcemia. but limited evidence suggests that di- 5 a3 :;f o ;’i
rect effects of high concentrations of vitamin D may be expressed in = L3 | = % f . == 22 =%
various organ systems, including kidney, bone, central nervous sys- = c % EI 32 3225 223283 =
tem, and cardiovascular system (Holmes and Kummeiow, 1983). = ¥ o= e memEe s :
Human case reports of pharmacologic doses of vitamin D over many 2 o
years describe severe effects at intake levels of 260 to 1,250 pg/day 3 e =% s
(10,000 1o 50,000 1TU/day) (Allen and Shah, 1992). The available - §§ j; < G =
C\.'idcncc concerning 11‘1('* ;\(l\'c:1'§e effects of hypm‘vl(;\11}111(>sis D me- g t2 s 88S8¢ 2 ASRRNSY 5
diated by hypercalcemia and direct target tissue toxicity are briefly 2 K RS E Phle somaose o ::
discussed below. ‘ 3 i 'g ey ‘
= Bl 224444 1yt j
. . . . . =l e g g 2 24 v olyv v 2 :
Hypercalcemia of Hypervitaminosis 1) ~ Sl gEEE=zz: 22RE3 g
. o Sl ¥Oo ot im0 m
Hypercalcemia vesults primarily from the vitamin D-dependent ' E ' é
increase in intestinal absorption of calcium (Barger-Lux et al,, 1996) ' = 8
and the enhanced resorption of bone. Resorption of bone (hyper- - 7 ) g
osteolysis) has been shown o be a major contributor to the hyper- o E LB
calcemia associated with hypervitaminosis D in studies that demon- ~ oz A <2
strated rapid decreases in blood calcium levels following the ﬁ = = = g an
= SEc '% — = o O

O Indicates extrapolation from graphic data.. ... ... ..
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administration of a bone resorption inhibitor, bisphosphonate (Riz-
7ol et al, 1994; Selby et al, 1995),

As Table 7-1 illustrates, hypercalcemias can result cither from
clinically prescribed intakes of vitamin D or from the inadvertent
consumption ol high amounts of the vitamin. The plasma (or se-
rum) calcium levels reported range from 2.82 (o 4.00 mmol/hter
(normal levels are 2,15 (o 2.62, mmol/liter) in those individuals with
intakes of 1,250 pg (50,000 TU) /day or higher. There is no apparent
trend relating “vitamin D intake-days™ with plasma calciim levels.

The hypercalcemia associated with hypervitaminosis D gives rise
to multiple debilitating effects (Chesney, 1990: Holmes and Kum-
merow, 1983; Parfitt et al., 1982). Specilically. hypercalcemia can
result in a loss of the urinary concentrating mechanism of the kid-
ney tubule (Galla et al., 1986), resulting in polyuria and polvdipsia.
A decrease in glomeruler [iltration rate also occurs. Hypercalciuria
results from the hypercalcemia and the disruption of normal reab-
sorption processes of the renal tubules. In addition, the prolonged
ingestion of excessive amounts of vitamin D and the accompanving
hypercalcemia can cause metastatic caleification of soft tissues, in-
cluding the kidney, blood vessels, heart, and lungs (Allen and Shah,
1992; Moncrief and Chance, 1969; Taylor et al, 1972).

The central nervous system may also be involved: a severe (101)1‘(‘#
sive illness has been noted in hypervitaminosis D (Reddie, 1987).
Anorexia, nausca, and vomiting have also been obscrved in hyper-
calcemic individuals treated with 1,250 to 5,000 pg (50.000 to
200,000 1) /day of vitamin D (Freyberg, 1942). Schwartzman and
Franck (1987) reviewed cases in which vitamin D was used to treat
ostcoporosis in middle-aged and elderly women. These women had
health problems in addition to osteoporosis. Intake of vitamin D
between 1,250 pg (50,000 1U) /week and 1,250 pg (50,000 1U)/day
for 6 weeks o b years was found to be associated with reduced renal
function and hypercalcemia.

Renal Disease

Some cvidence supports calcification of renal and cardiac tissue
following excess vitamin D intake that is not associated with hyper-
calcemia. In a study of 27 patients with hypoparathyroidism, Parfict

(1977) found that a mean intake of 2,100 pg (84,000 1U)/day of

vitamin D for b years was associated with reduced renal function,
nephrolithiasis, and nephrocalcinosis. Parfitt hypothesized that
these results were a direct effect of vitamin D, since it was not associ-
ated with hypercalcemia in these patients, However, these results

[
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were judged inappropriate for use in deriving a tolerable uppe
mtake level (UL) since the study subjects had hypoparathyroidisny
which possibly increased their susceptibility to vitamin D toxicit
Irnell (1969) also reported a case of n(‘pl‘n‘()czll(tin()sis and rcn{'
msufticiency in a thyroidectomized patient taking 1,125 pg (45,00
IU) /day of vitamin D for 6 years.. ) ‘

Cardiovascular Effects

Animal data in monkeys (Peng and Taylor, 1980; Peng et ai

-1978), rabbits (Lehner et al., 1967), and pigs (Kummerow et a)

1976) suggest that calcification may also occur in nonrenal tissuc
Human studies of cardiovascular cffects are largely negative o
equivocal. Although Linden (1974) observed that n'lyoczxrdial i1
farct patients in Tromso, Norway, were more likely Lo consume vit:
min D in excess of 30 pg (1,200 1U) /day than were matched cor
trols, two subsequent studies (Schmidt-Gayk et al., 1977; Vik et al;
1979) failed to confirm these results. ‘
Although the data for nephrocalcinosis and arteriosclerosis ak
insufficient for determination of a UL, they point to the necessit
for conservatism. There is a large unceruiint.y about progressiv
health effects, particularly on cardiovascular tissue and the kidne:
with regular ingestion of even moderately high amounts of vitamd
D over several decades. ' ‘

]

Dose-I tesponse Assessmend

1

Adulis: Ages > 18 Years i
1

Data Selection. The most appropriate data available for the der
vation of a UL for adults are provided by scveral studies evaluatin
the effect of vitamin D intake on serum calcium in humans (Ho

kanen et al., 1990; Johnson et al., 1980; Narang et al., 1984). Th

-available animal data were not used to derive a UL for adults b

causc the data were judged to have greater associated uncertain:
’ |

~ than the human data. 1

[dentification of a NOAEL (or L.OAEL) ,Lmd a Critical Indpotr
Narang ct al. (1984) studied scrum ('ul(:iunfw levels in humans, wit
and without tuberculosis, where diet was sipplemented with dai
vitamin D doses of 10, 20, 30, 60, and 95 llgE (400, 800, 1,200, 2,40
and 3,800 TU) for 3 months. Thirty healthy males and females ran

)
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ing in age from 21 to 60 years and without tuberculosis were in one.
study group. Statistically significant increases in serum calcium were
observed in these subjects at vitamin D doses of 60 and 95 pg (2,400
and 3,800 1U) /day. However, increases in serum calcium level in
some subjects, while statistically significant, were not necessarily ad-
verse, or indicative of h)p(,lml(cmm (for example, serum calcium
levels above 2.75 nmumol/liter). For example, the mean serum calci-
um level in normal controls following administration of 60 pg (2,400
1U)/day of vitamin D increased from 2.43 mmol/liter to 2.62
mmol/liter (p < 0.01). The mean serum calcium level in normal
controls treated with 95 pg (3,800 1U) /day of vitamin D increased
from 2.46 mmol/liter to 2.83 mmol/liter. At 30 pg (1,200 1U) /day,
in- normal controls, the increase was from 2.35 mmol/liter to 2.66
mmol/liter, but this was not a ﬂiqniﬁ('unt increase. The study thus
demonstrates an cifect of relatively low doses of supplementary vita-
min D on scrum calcium levels, although the degree of h\pcxcdl((—
mia was modest. Tt should also be n()t(,(l that the effect developed
over a relatively short time (3 months or less), so it is not known
whether the effect would have progressed and worsened, or wheth-
er it would have disappeared, over a longer time period.
Hypercalcemia, defined as a serum caleium level above 2.75
mmol/liter (11 mg/dl), was observed at the highest dose of 95 ng
(3,800 1U) /day, which is, therefore, the lowest-observed-adverse-ef-

fect level (LOAEL). Although a significant rise in serum calcium -

levels occurred at 60 g (2,400 1U) /day. they were still within a
normal range. Therefore, 60 pg (2400 1U) /day is designated as a
no-observed-adverse-cffect level (NOAEL).

Uncertainty and Uncertainty Factors.  In using a NOAEL of 60 pg
(2,400 TU) /day based only on the results of Narang et al. (1984) o
derive a UL for adults, itappears to be uncertain whether any increase
in scrum caleium, even though still within normal limits, might be
adverse for sensitive individuals and whether the short duration of this
study and small sample size atfected the results, The selected uncer-
tainty factor (UF) of 1.2 was judged (o he sufficiently conservative (o
account for the incertainties in this data set. A larger UF was judged

“unnecessary due to-the availability of human data and a reasonably
wellddelined NOAEL in a heald S p()puhn(m

Devivation of a UL Based on a NOALEL of 60 pg (2,400 1U) /d ay
divided by a composite UF of 1.2, the estimated UL for adults is B0
ng (‘2,0(_)() ) /day. Supportive (,\ld(n(( for a UL of 50 pg (2,000
IU) /day is provided by Johmson et al. (1980) and l'I(mknn(‘n et al.
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(1990). Johnson et al. (1980) conducted a double-blind clinical tri
al of men (all over 65 years) and women (all over 60 years) treatec
with 50 pg (2,000 1U) /day of vitamin D for approximately 6 months
Assuming a normally distributed population, these data as present
ed would appear to suggest that the risk of hypercalcemia in a pop
ulation exposed to intakes of 50 pg (2,000 IU) /day ranges from 5,
1,000 to less than 1/10,000. In addition, Honkanen et al. (1990)
reported that 45 pg (1,800 1U) /day of supplementary vitamin T
administered to Finnish women aged 65 to /2 years for 3 month
produced no ill effects.

UL for Adults > 18 years 50 pg (2,000 TU)/day

Infants: Ages O through 12 Months | :

Data Selection. Data from several studics in infants (Fomon ¢
al., 1966; Jeans and Stearns, 1938; Stearns, 1968) were judged ap
propriate for use in deriving a UL for infants up to 1 year of agh
since the data document the duration and magnitude of intake
and as an aggregate, they define a dosc-response relationship. Avai
able data from animal studies were judged inappropriate due ¢
their greater uncertainty. >

ldentification of a NOAEL (or LOAEL) and Critical Endpoint. ]ean,
and Stearns (1938) found retarded linear growth in 35 infants up
Iyear of age who received 45 to 112.5 pg (1,800 to 4,500 TU) /da
of vitamin D as supplements (without regard to sunlight exposurg
which was potentially considerable during the summer months
when compared with infants rcccwmq supplemental doses of 8.5 p
(340 1U) /day or less for a minimum of 6 months. At 45 weeks ¢
age, infants were found to have a linear growth rate 7 cm lowe
than the controls,
Fomon et al. (1966), in a similar study, C‘(pl()l'(,(’l the etfects o
lincar growth ininfants (n= 13) ingesting 34.5 to 54.3 pg (1,380 t

2,170 1U) /day of dietary vitamin D (mcan = 44.4 ng or 1,775 TU

day) from fortificd evaporated milk formulgs as the only source ¢
vitamin D compared with infants who were wcelvmg 8.8 t0 13.8 pn
(350 to H50 TU)/day (n = 11) from another batch of formula. N
cffect was found in infants who were enrolled in the study durin
the first 9 days after birth up to 6 months of age. Given the sma
sample size used in this study, it was deemed appropriate to deviat
from the model for the development of ULs (see Chapter $ whic
1
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delines a NOAEL as the highest intake at which no adverse effects
have been observed) and identify the NOAEL for infants in this
study based on the mean intake (for example, 44.4 pg or 1.775 10/
day) rvather than the high end of the range. The NOAEL was round-
ed up to 45 pg (1.800 IU) /day. Stearns (1968) subsequently com-
mented that Fomon et al. (1966) did not study theinfants long
enough since the greatest differences in the Jeans and Stearns
(1938) study appeared alter 6 months. However, taken together,
these papers support a NOAEL of 45 pg (1.800 ILh /day.

In two different swrvevs at two different time periods, the British
Pacdiatric Association (BPAY (BPA, 1956, 1964) reported a marked
decline in hypercalcemia in infants, from 7.2 cases per month in a
L953-1955 survey, to 3.0 cases per month in a 1960-1961 survey.,
This change occwrred at the same time as new guidelines were in-
troduced for fortification of food products with vitamin D. Data
from BPA (1956) and Bransby et al. (1964) also show the estimated

total vitamin D intake in infants at the seventy fifth percentile of

100 pg (4,000 1U) /day declining to a range of 18.1 10 33.6 pg (724
to 1,343 TLN) /dav between the two SUrveys.

Graham (1959) studied 38 infants aged 3weeks to 11 months with
hypercalcemia in Glasgow from 1951 (o 1957, The data as reported
offer no definitive proof of a velationship between vitamin D intake
and hypercalcemia. However, Graham does report that the highest
serum calcium value obtained, 4.65 mmol/liter (18.6 mg/dl). oc-
curred in an infant with an estimated daily intake of 33 pg (1,820
1U) /day of vitamin D and that the infant made a complete recovery
when vitamin D was omitted from the diet.

-~ Taken together, these data indicate that excessive vitamin D intake is
probably a risk factor for hypercaleemia in a few sensitive infants. How-
ever, these data are inadequate for quantitative risk assessment be-
cause the daily dosage is so uncertain. This is because of the inaccura-
cies of survey data, but also and more importantly, because sunlight
exposure was not reported, and the level of forification of food was
probably not accurately determined, and was most likely underestimatec.

Uncertainty and Uncertainty Factors. Given the insensitivity of the
endpoint, the fact that sample sizes were small, and that litde data
exist about sensitivity at the tils of the distributions, an adjustment
in the NOAEL or use of a UF of 1.8 is warranted.

Devivation of the UL, Based on a NOAEL of 45 e (1.800 1U)/

day for infants and a UF of 1.8, the UL for infants up to I year of

age is set at 25 pg (1,000 1U) /day.
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UL for Infants 0 through 12 months 25 pg (1,000 IU)/day

Children: Ages | through 18 Years

No specific data are available for age ¢groups other than adult
and mfants. Increased rates of bone formation in (oddlers (1 yea
ol age and older), children, and adolescents suggest that the adul
UL is appropriate for these age groups. In addition, serum calciun
levels must support the increased deposition occurring, and no dat;
indicate impairment or insufficiency in renal handling mechanism;
by 1 year of age. Therefore, the UL of 50 ng (2,000 1U) /day fo
adults is also specified for toddlers, children, and adolescents.

UL for Children 1 through 18 years 50 wg (2,000 IU)/day

Pregnancy and Lactation

The available data were judged inadequate to derive a UL fos
pregnant and lactating women that is dilferent from other adults
Given the minor impact on either circulating vitamin D levels o1
serum calcium levels in utero or in infants seen with vitamin [
supplements of 25 and 50 pg (1,000 and 2,000 1U) /day as previous
ly discussed (Ala-Houhala et al., 1984, 1986), a concern about im
creased sensitivity during this physiologic period is not warranted.

UL for Pregnancy 14 through 50 years 50 ng (2,000 IU)/day
UL for Lactation 14 through 50 years 50 ng (2,000 IU)/day

Special Considerations

The UL for vitamin D, as with the ULs for other nutrients, only
applies to healthy individuals. Granulomatous diseases (for exam-
ple, sarcoidosis, tuberculosis, histoplasmosis) are characterized by
hypercalcemia and/or hypercalciuria in individuals on normal or
less-than-normal vitamin D intakes or \\-’ilh'(fxpnsm‘c to sunlight.
This association is apparenty due to the extrarenal conversion of
250D o 125 (OH),D by activated macrophages (Adams, 1989
Sharma, 1996). Increased intestinal al)sorp!ion of calcium and =

‘proposed increase in bone resorption (‘.()nlril)utcs to the hypercal

cemia and hypercalciuria, and the use of gl}lcocorticoids is a well
established trcatment in these disorders ((}1‘11] and Martin, 1993).

Yoaen
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Lixposie Assessment

The vitamin D content of unsupplemented diets is, for the most
part, low and averages about 2.5 pg (100 1) /day for women (Kratll
ct al,, 1989; Murphy and Calloway, 1986). Diets high in fish, an
cxceptionally rich natural source of vicunin D (USDA. 1991) are
considerably higher in vitamin D. Because milk is fortified to con-
tain 10 pg (400 1U) /quart (9.6 pg [385 U] /liter) of vitamin D,
persons with high milk intakes also may have relatively high vitamin

D intakes. A 1986 survey estimated that the ninety-fifth p(tl‘ccntilc of

supplement intake by users of vitamin D supplements was 20 pg
(800 1U) /day for men and 17.2 pg (686 1U) /day for women (Moss
et al., 1989, .

The endogenous formation of vitamin Dy from sunlight irradia-
tion of skin has never been implicated in vitamin intoxication. This
is due to the destruction of the previtamin and vitamin Dy remain-
ing in skin with continued exposure (o ulraviolet irradiation (Hol-
ick, 1996).

Risk Charactervization

For most people, vitamin D intake from food and supplements is
unlikely to exceed the UL. However, persons who are at the upper
end of the ranges for both sources of intake, particularly persons
who use many supplements and those with high intakes of fish or
fortified milk, may be at risk for vitamin D toxicity.

RESEARCH RECOMMENDATIONS

o Rescarch is needed to evaluate different intakes of vitamin D
throughout the lifespan by geographical and racial variables that
reflect the mix of the Canadian and American population and the
influence of sunscreens.

e Regarding puberty and adolescence, rescarch is needed to eval-
wate the effect of various intakes of vitamin D on circulating con-
centrations of 25 (O D and 1,25(0LH,D during winter at a e
when no vitamin D comes from sunlight exposure. During this time,
the body adapts by increasing the renal metabolism of 25(OH)D to
1,25(OH),D and the cfficiency of intestinal calcium absorption,
thereby satisfying the increased calcivm requirenment by the rapidly
growing skeleton.

o Itis very dilficult to determine the veference values for vitamin
D in healthy young adults aged 18 through 30 and 31 through H0
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years in the absence of sunlight exposure because of their typically

Jigh involvement in outdoor activity and the unexplored contribu-

tion of sunlight to vitamin D stores. More studies arce needed that
evaluate various doses of vitamin D in young and middle-aged adults
in the absence of sunlight exposure. '

e A major difficulty'in determining how much vitamin D is ade-
quate for the body’s requirement is that a normal range for serum
95 (OH)D is 25 to 137.5 nmol/liter (10 to 55 ng/ml) for all gender
and life stage groups. However, there is evidence, especially in the
elderly, that in order for the PTH to be at the optimum level, a
25(OH)D of 50 nmol/liter (20 ng/ml) or greater may be required.
Therefore, more studies are needed to evaluate other parameters
of calcium metabolism as they relate o vitamin D status including
circulating concentrations of PTH.

e The development of methodologies to assess changes in body
stores of vitamin D is needed to accurately assess requirements in
the absence of exposure to sunlight. Such work would markedly
assist in the estimation of relerence values for all life stage groups.
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