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TABLE 2.-0MEGA-3 FATTY ACIDS AND CORONARY HEART DISEASE: CLINiCAl. STUDiES-Continued

Reference

Zucker et ai. 1988
Artherosc/eroslS
73:13.

Design

Randomized,
crossover.

Duration

fj week.s _

Amount

3.2 9 EPA 2.2 9
DHA (MaxEPA) VI

safflower o~.

Subjects

9 normal. 16
hyperlipoproteine
mics.

Findings

~ TG5, VLDl~ t lOt in
lype IV hyperrtpoproteine~

mics; NS Chol, TG, LDL,
HOt among normals" .

Comments

S3ff1ower oil was uS·Jd l

control oil. The stue
design was double b!ir
but mClny of the subjec
reported identifying tt
FO by its characteris1
aft'2'rtaste. This is one
the verv few article r
ported FO aftertaste in
double blind study.

________--'- --'- -l- ...l-- '- _

Abbreviations used: NS, not statistically significantly different; Chal, cholesteroi; VLOL, very low-density lipoprtein cholestero~; lDL, low-density l:popr<?tE
cholest.erol; HDL, high-density lipoprotein cholesterol, TGs, triglycerides; apoA, apoprotein A (a protein in high-den.<;ity ripoprtoein); apo8:. apoprote;n B. (a pr.otGIn
low-density Iipoprotein)~ apoE, apoprotein E (a protein in many lipoproteins, most notably VLDL and! HDt; CHD, coronary heattr. disease~ FO, fish 05!; TX
thromboxane; TPA. tissue plasminogen activator; PAl, plasminogen activator inhibitor: v, versus; Id pe~ day.
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Food Labeling:. Health Claims; Calcium
and Osteoporosis

AGENCY: Food and Drug Admi.nistration~

HHS..
ACTION: Proposed rule.,

SUMMARY: The Food and Drug
Adminis:tration (FDA} is proposing to
authorize the use on food labels and in
labeling of health claims relating to the
association between calcium and
oste.oporosis.. FDA has reviewed the
available scientific data under the
provisions of the Nutrition Labeling and
Education Act of 1990.. Based on its
revie.w, FDA has tentatively concluded
that there is significant scientific
agreement among qualified experts that
this data supports. that calcium intake
has a significant impact on bone health.
The agency proposes that for a product
to be eligible to bear such a claim, one
serving of the product must contain a
minimum of 20 percent of the
Reconlmended Daily Intake (RDI) for
calcium or 180 nlilligrams (mg); in an
assinlilabIe form.
DATES: Written conlments by February
25, 1992. The agency is proposing that
any final rule that may issue based upon
this proposal become effective 6 months
following its publication in accordance
with requirementH of the Nutrition
Labeling and Education Act of 1990.
ADDRESSES: Written comments to the
Dockets r"fanagement Branch (HFA
305), Food and Drug Administration, rm.
1-23,12420 Parklawn Dr., Rockville, MD
20857.

FOR FURTHER INFORMATION CONTACT:
~1ona s. Calvo, Center for Food Safety
and Applied Nutrition (HFF-265), Food
and Drug Administration~200 C St. SW.~
\Vashington, DC 20204,202--485-9564.,

SUPPLEMENTARY' INFORMATION::

I. Background

A. The l\'utrition Labeling and
Education Act of 1990

On November 8, 1990~ the President
signed into law the Nutrition Labeling
and Education Act of 1990 (Pub L. 101
535) (the 1990 amendments}, which
amend the Federal Food, Drug, and
Cosmetic Act (the act). The 1990
amendments, in part, authorize the
Secretary of Health and Human Services
(the Secretary} to issue regulations
authorizing nutrient content or health
claims on the label or labeling of foods"
With respect to health claims, the new
provisions provide that a product is
misbranded if it bears a. claim that
characterizes the relationship of a
nutrient to a disease or health-related
condition, unless the claim is made in
accordance with the. procedures and
standards established under section
403(rJ(1)(B) of the a.ct (21li.S.C.
343(r)(1)(B)].

Published elsewhere in. this issue of
the Federal Register is a proposed rule
to establish general requirements for
health claims that characterize the
relationship of nutrients, in.eluding
vitamins and minerals, herbs or other
nutritional substances (referred to
generally as "substances") to a disease
or health-related condition on food
labels and in labeling. In this companion
document, FDA has tentatively
determined that sucn claims would be
justified only for substances in dietary
supplements as well as in conventional
foods if the agency determines based on
the totality of the publicly available
scientific evidence (including evidence
from weB-designed studies conducted in
a manner which is consistent \\TUh
generalIy recognized scientific
procedures and principles) that there is
significant scientific agreement among
experts qualified by scientific training
and experience to evaluate such claims~

that the clahn is supported by such
evidence.

The 1990 an1endlnents also require
(section 3(bJ(1)(a)(ii), (b)(l)(A)(vi), and
(b)(l)(AJ{xJJ that, within 12 months of
their enactm,ent, the Secretary shaH
issue proposed regulations to implemen
section 403:(r)' of the act (21 U.S.C.
343(r)},. and that such regulations shan
determine, among other things, l.vhether
claims respecting 10 topic areas,
including calcium and osteoporosis,
meet the requirements of the act. In this
document, the agency will consider
whether a label or labeling claim on
food or food products, including
conventional foods and dietary
supplements, on the relationship'
between calcium and osteoporosis
would be justified under the standard
proposed in the companion document
entitled uFood Labeling: General
Requirements for Health Claims for
Food."

FDA has followed the general
concepts and criteria proposed in the
companion document in considering
whether to propose to authorize the use
on the' labels and labeling of food of
health claim's for calcium and
osteoporosis., In the companion
document, FDA has proposed that, in
evaluating whether support exists for a
health claim" it will consider the levels
and sa.fety of a nutrient within the
context of its use in the daily diet.
Before a health claim for a particular
nutrient will be authorized, it is
necessary that the nutrient be safe and
lavJful for use in food at the level found
to have an effect on a disease or health
condition.

The topic of calcium and osteoporosis
involves a substance which has
recognized uses both as a component of
food and of drugs. The agency has
looked at aU data relevant to this topic
whether the data involved tests at
dietary levels or at therapeutic levels.
The agency thought this necessary to



60690 Federal Register / Vol. 56, No. 229 / Wednesday, November 27, 1991 / Proposed Rules

ensure the cornpleteness of its rcvic\-v.
lio\l\rever, the agency cInphasizcs thn t
this proposal is only about \Nhcther a
claim has been justified for calciuTll anel
food. A cOlnponent of food OllIst be safe
in tht context of the daily d\ct. On the
other hand, drugs nlay be used even if
they present questions of safety to the
general papula tion, and even to the
population being trea ted, on the basis
that there is a benefit fronl its use that
outweighs the potential risk.

B. DefinilJ"on and Diseaso PreFo]cncc,
l\!orbidiry, l\lortoljty, and IJeofth Cos!s

Osteoporosis is a diseuse
characterized by low bone mass, \vhere
the internal structure of the bone has
been eroded to the extent that even
slight traun1a \viHcause the bone to
fracture easily (Ref. 7). An estimated 75
rnillion people are afflicted with
osteoporosis in the United States,
Europe, arid japan (Ref. 7). These
€sthnates include one in three \-vomen
over 65 years and more than half the
elderly men and women over 75 years.

Osteoporosis causes more than 1.3
ITlillion fractures per year in the,United
States, typically involving the spine,
wrist, hip and ribs (Ref. 109). Because
life expectancy in the United States will
soon average in the eighties,
osteoporosis is expected to affect an
even larger proportion of our popula tion
(Ref. 20). By age 80, approximately 40
percent of all \NOmen ""lill have
sustained a \tvedge-type fracture of the
spine, a comn1on source of pain,
disability, and deformity, resulting in
progressive loss of height with age (Ref.
109).

Fractures of the hip, hO"fNcver, have
the greatest health and economic
impact. In 1985, approximately 250,000
hip fractures occurred in the United
States, primarily in persons over age 45
(Refs. 20 and 101). An estimated 12 to 20
percent of the hip fracture victin1s die
vJithin the year follo\J\ling the fracture
lRef. 83). An10ngthose that do survive, a
significant proportion never regain their
prefracture independence and require
varying degrees of nursing and often
permanent custodial care (Ref. 7).

Estimates of the annual financial costs
of osteoporosis in the United States,
based primarily on the cost of
hospitalization and acute and long-term
care services were $6.1 billion dollars in
1984 (Ref. 5) and are currently thought to
exceed $10 billion dollars (Ref. 8).

C. Risk Factors andlJopulatiol1s at Risk

The most important 'risk factors for
osteoporosis and associated bone
fractures are age, gender, race
(Caucasian or Asian), and horrnonal '
status {Refs. 1, '2,,3, 5, 7,10,83, and 109.).

For WOlnen, hormonal changes
associated \'\'ith 111enopausc (nutl1l'al or
prenlH lure cessa tion of the rnenstrua1
cycle) places thern a t increased risk
(Ref. 118). In addi tion, evidence exis ts
identifying lO~N dietary calclun1,
cigarette smoking, and alcohol intake as
factors in the development of
osteoporosis (Refs. 2, 8, and 109). In
general, factors that inlpair maxin1Uln
bone forma lion early in life and those
that underlie excess postn1cnopausal
and age-associated bone loss later in life
VJill predispose persons to osteoporosis.

D. CalciuDz's lVutrient and PJrvsjoJogh:
FunctJ"on .. L

The hUD1an body contains
approximately 1,000 gran1s (g) of
ca lcium, 99 percent of which is found in
the skeleton and a small but very
important 1 percent is found in the
plasma and soft tissu.es (Ref. 21).
Calciull1 is an essential nutrient. In
terms of its physiological function,
calcium is probably one of the most
critical minerals in the body. Within
bone, calcium provides str~cture and
support. The bone's exchangeable
calcium pool allovvs for calcium storage
that can be readily released in times of
need. When this pool is exhausted, hone
can be resorbed, that is, physically
broken down to release needed calcium
(Ref. 100). Within plasma and cells,
calcium functions in bone
mineralization, blood clotting,
membrane stability and permeability,
nerve conduction, muscle contraction,
cellular secretion, regula tion of ion
transport, enzymatic activity, and cell
grovvth and differentiation (Refs. 21 and
100). Plasma calcium levels are
maintained within a very narrow range
through the interaction of three
hormones whose actions raise or lower
the calcium levels appropriately in order
to maintain proper physiologic function
(Ref. 100).

While bone can serve as a temporary
source of calcium during acute
physiologic need, the body is dependent
on dietary intake as the ultimate source
of calcium to replete the skeletal
reserves (Ref. 67). When increased
demand for calciunl results in excessive
resorption of calcium from bone, the
structural support function of bone is
comprolllised, and the bone breaks
easily (Refs. 21 and 30).

Because of its essential function in the
rnaintenance of plasll1a calciunl within
such narrow limits, bone is constantly
turning over and remodelir..g and thus
remains a dynamic tissue ,throughout
life. The process of bone renl0delipg
consists of the tightly coupled actions of
bone resorption and bone formation. It
is thought that through change~ in bone

remodeling activity, factors such as
dietary calcium, exercise and hormonal
activity modulate the rate of bone loss
or gain (Refs. 34 and 64).

The need for calciun1 throughout life
varies with bone renl0deling activi ty
and is reflected in the dietary guidelines
for calcium intake, which suggest
highest intake during adolescence and
early adult life vvhen the greatest net
growth of bone occurs (Ref. 3). Many
experts argue that because of the
increase in the bone resorption
con1ponent of the remodeling activity
that occurs at menopause in women,
there is also a need for greater calci iBn

intake at this stage of life (Refs. 23 and
67).

E. Inlportonce afPeak BoneiViass and
Its Relation to C'alciufl1

Peak bone mass, the total quantity of
bone present at skeletal maturity, may
have the greatest bearing on whether or
not a person is at risk of developing
osteoporosis la tel' in life. Most bone
experts support the idea that the best
way to reduce the risk of osteoporosis is
to maximize the amount of bone formed
a t skeletal maturity \vhich occurs by
approximately age 3,5 (Refs. 2, 10, 16, 64,'
and 91). Experts agree that two factors,
adequate calcium intake and physical
activity, are critical to nlaximizing the
amount of bone formed at skeletal
maturity (Refs. 67, 91, 109, and 118). It is
also vvidely held that if calcium intake is
not adequate during childhood,
adolescence, and early adulthood, full
skeletal potential may not be attained
(Refs. 16, 37 and 64).

Throughout life, bone is constantly
changing and remodeling, but the '
components of bone remodeling, that is
the rates of bone resorption and
formation, differ at different stages of
the life cycle. At puberty, bone
formation occurs at an accelerated rate
which results in an increase in both the
length and density (mass) of bone (Ref.
118). While Ii ttle to no further growth in
length is experienced after the
pubescent growth spurt, bone continues
to grow in width and in mass adding
approximately 10 percent or nlore mass
over the next 10 to 15 years (Refs. 63
and 118). This later phase is knovvn as
the period of consolidation and
continues until about 35 years of age, at
\vhich time a person is considered to be
at peak bone mass or skeletal maturity
(Refs. 10 and 118).

At Inidlife, between the ages of about
35 to 45, bone continues to remodel, but
bone mass is maintained without change
(balanced rate of resorptIon and
formation). Thereafter, bone is lost al H

constant rate of 0.3 to 0.5 percent per
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v~~ar in Loih rnc~-; and \\;O~rH:q {grr;!lc,
~'(~ ie uf bone ~O}. Priur
fo dnd rnenopa U~;!~, VvOnH!n lo~,:~

bone 2~ (J ratp (2 to 5 percent P;'~I

than nU2,n i but p'..'e1ltuaH:y f(~iUrD

! .....·o~''' .. '.·... n'..." ubout GO and 70 yea;'~~ of age}
to the same rate of bone loss as Bl(;i'll

(Ref, 20). During the rnenopu uSC j a
decrease in the fenlcde honnDne
estrogen is the factor underlying th~5!

rapid rate of bone loss (Refs. 20, gO!, and
1J8).

The Dostulated. mecbanisrn undedyin2;
the rel~tionship of adequate calciufJ~ ~
intake and opHnlal peak bone rnass to
the reduced risk of osteoporosis relates
to the assumption that since all persons
lose bone with age, those with higher
bone mass a tIna turi ty take longer to
reach the critically reduced rnass at
which fractures occur \vith minimal
traulna (Ref. 20). Genetic factors
probably have the greatest influence on
setting the upper limit of an individual's
peak bone mass (Ref.. 64). One
explanation why men have a lower
incidence of osteoporosis than women is
that men are genetically programmed to
have a higher peak bone mass (Ref. 74).

Racial differences observed in the
incidence of osteoporosis are also
thought to be related to differences in
genetically determined upper limits of
bone mass. For example, Caucasian
women, particularly those of northern
European ancestry, experience the
highest incidence of osteoporosis related
bone fracture, while American wor:'1en
of African heritage have greater bone

, density and significantly lower
(approximately 50 percent) fracture
rates (Refs. 28, 4, 118, and 136). Experts
suggest that the greater initial bone
density (peak bone mass) observed in
African Americans explains why they
have fewer osteoporotic fractures than
Caucasians and Asians (Ref. 289 41, 89,
and 118). Nevertheless, "veight bearing
exercise and diet can also influence the
maximal amount of bone achieved, and
unlike genetic factors, diet and exercise
can be easily manipu.lated (Refs. 10,78,
1.02, and 109).

F. Role of Calciurn lifter l'eak Bone
lv/ass

Bone density la ter in life depends on.
both the amount of bone made during
growth (peak bone mass) and the
subsequent rate of bone loss after
maturity. The impact of dietary calcium
on bone loss. tha t occurs between ages
35 to 45 or after peak bone mass is
achieved but before menooause, is
unclear, because limited ,dLata are
available characterizing the rate of bone
losb (nat occurs. ?\-1aintenance of an
adequate calcium intake during the
onset of menopause at about 45 to 50

yc;~rs of age is inipCJrL,uJ i~nd n~;;\ helpi
tu slov~7 the r;q)id los~; of bon(~ ;d tLis

t i r~H~ {n(d's. 47 and 102]. j 10\1\' C\ t:r'J

because tht' r;lpid rat(l~ of bone Jt~~):''; ill;d

occurs early in I1H:nopause is 141 rfrJy the'
result of the honnonal change:)
associated with the onset of ffH':nop;;usP.)
a high dietary ca)citun int;~ke alone ,,'iH
not effectively slovv the rate (,f loss
during this period of early hOi:'nHJne
withdrawal in warnen (Refs. 7, 52, 10~~.)

and 120). Failure of men to experience
this period of accelerated bone loss
resulting froin horolonal withdrav\ial is;
another explanation for the sex
difference observed in the incidence of
osteoporosis (Refs. 20 and 118).

G. SUflln10ry of I\Jer:honisfll of /lctjon of
Calcium

Current scientific thought suggests
that there are two mechanisms through
w'hich calcium intake n1ay influence
bone remodeling and ultin1a teJy, the risk
of osteoporosis and rela ted bone
fracture. The first mechanism involves
maximizing the anlount of bone that is
formed at skeletal maturity and the
second involves slo\.ving the rate of bone
loss with age. Both mechanisms would
allow an individual to maintain a higher
bone n1ass later in life, thereby reaching
the critical fracture threshold milch later
in life.

Ii Regulatory I-lislory

1. Calcium

Calcium-containing food ingredients
are used in food for anumberof
functional effects. In preparing this
proposal, the agency identified those
ingredients currently in use a.nd their
functions, conditions of use, and lilnits
on the level for which they ca.n be added
to food (Ref. 33). For the uses of thes~
ingredients in food to be lawful, they
DIUSf. be either generally recognized as
safe (GRAS), or affirmed as GRAS by
FDi\, listed in the food additive
regula tions, or subject to a prior
sanction. Of the 36 or lTIOre calciunl
containing ingredients identified by the
agency as currently in use~ only the'
following 10 compounds have been
delTIOnstrated to FDp~'s satisfaction to
be safe and lawful for use in a dietary
supplement, or as a nutrient supplement
by FD.i\: calcium carbonate~ calcium
citrate, calcium glycerophosphate,
calcium oxide, calciunl pantothenate~
calcium phosphate, calciunl
pyrophosphate, calcium chloride,
calcium lactate, and calcium sulfq.te.

FDA also allows the addition of
calcium-containing compounds to
certain foods for the purpose of .
fortification, under standards of identity.
Examples of the foods in w:hich calciurn

fUr.':~fii.'(;!i(i;~ lin rng r·c;, f.H)t;nd (Llg/lhn i e

(;:; JUi:,'cd, and :Li; pcrrni1tcd le'v{o\s of

Lj:lific(}!;~on ir; r{l,~~: PC;I' pound (rn,~~/lL).]

ij'H.Judc~:: ~L1b.115 J.:.;'nricf};'ld !Jrcor/, Pi :T(I::b:

the adJi i ;on of GOO ff1S/lb; 1 :i7.2GD
Ej:;'i~~hed flour, o1ay cODta in gnu
137.260 E~nrichedcorn l1ieol, n1ay
contain to ~-;-50 mg/ib; 13,7.350

ric'(!, Blay conf(dn U~) io 1JiOD
n1g/lb~ 1~3:J.l15, t~nrichcdrnoco./\Jni,
139.155 E'nr/ched V-l!:!,(?tohle noodle
product, and 139,105 Enrjched noud/c'
productsy n1ay contain up to 625 n~g/lb

rc~)pectively;139.120 Aiiili l1u]carof]i,
caJciunl-containing milk solids content
not less than 3.B percent of the weight of
tt,:e finished product; 139.121l\lonfat
Injlk fllGCOroni products; finished
product contains up to 25 percent
calcium-containing, nonfat milk solids;
163.130 A1jlli. chocolate; 163.135
Bllttern1l1k chocolate; 163.140 Sllhn 1171'lk
chocolate,; and 163.145 Nlixed dajry
product chocolates, contain not less
than 3:66 percent and up' to 12 percent
by weight calcium-containing milk
solids. '

2. FIealth Claims

In the Federal Register of August 4,
1987 (52 FR 28843), FDA published a
proposalto amend the food labeling
regulaHans to codify and clarify the
agency's policy on the appropriate use
of health clainls on food labeling. The
conlments received on this proposal
strongly opposed the use of the health
claiIns. In the Federal Register of August
8, 1989 (54 FR 32610), FDA published an
advance notice of proposed rulemaking
that asked for public comment on hOVJ

to reasonably permit the use of health
claims on food labels that link fo(jd
components to reduction of risk of
chronic disease. In the Federal Register
of February 13,1990 (55 FR 5176)~ FD,,~

\vithdrew the 1937 proposal and
repropos:ed a regula tion outlining ho'ilv
the agency would allow healthclaim.s.
Calcium and osteoporosis were an10ng
the specific diet and disease'
relationships mentioned in these
docUlnents. I-Iowevery on November 8 y

1990y as stated above, Congress passed
the 1990 arnendments. 'fhis action is
being taken in response to those
provisions.

I. Elddence CO~lsideredin Reaching the
Dec;"sioll

fhe agency has reviewed aU relevan
scientific.evidence on calcium and
osteoporosis. This evidence included
several recent ,Federal government
reports:hThe$urgeon General's Report

. on Nutrition and Health" (Ref. 1]: the'
National Institutes of Health's (NlfI)
'··Osteoporosis Report of the 1984
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a~d1,20).

curren t presented
1990 ··Consensus Developnlent
Conference: Prophylaxis and Treahnent
of Osteoporosis" shifts the elHp'hasis on
calcium intakes from older to YOlll1iger
individuals who .are. sUll actively laying:
do\vn bone and recognizes that dietary
calciu:m intakes below lioon mg per day
of dietarycalciurn are ,adequate for
Hdults (ReL7}. l'he panel concluded that
adequate calciulIl intake at all stages :of
Hfewas a prerequisite for normal bone
growth and attainnlentof:peak bone
mass. 11owever, it also concluded tha t a
high calcium intake is not as effective as
a conlbination of adequate dietary
calcium and estrogen therapy in
blunting the accelerated bone loss
during 'menopause. :I'he :panel al&o
recognized that inadequate calciurn
intake is -ariskfactor£o:r osteoprosis,
citing a minimum intake of '800 mg
calcium per day :for·all adults., and that
~'higheramounts are ~equired in
childhood, adolescence, pregnancy~
lactation, and old age."

\Vhile the· autho'rita'tivedoGUnlents
rnay present varyingguldeHnes for
adequate calcium intake, -ranging from
800 to 1,500 mg per day for adults, they
are unanimous in their recommendation
that preventive efforts focus on
maximizing peak bone mass (Refs. 1
through 3, 5~ 6, 8 through 13). All of these
documents emphasize that calcium
intake is only one factor in this
nnlltifactorial disease, and that the
exact nature of the association betw'een
calcium and osteoporosis is still unclear.
The documents also agree tha t lo\v
calciuln intake is a risk factor in the
development of osteoporosis and may
contribute to' a lower peak bone mass or
accelerate the rate of bone loss vvith
aging (Refs~ 1 through 3, 5, 6, 8 through
13). In addition, an these docurnents
emlpn.aS:lze that during the interval of

bone less that occurs earlv in
menopause, both an .adequate dietary
intake in calcium and estrogen therapy
are required and. recognize the need for
rnen arid \-'\lor-nen to mainta.in d.Ut:U Il.U.u.tJ

calcium intake later in life
3, 5t 6, 8, through

l"he 1937 FD1\ conference recognized
that calciulrl is a threshold nutI+8nt i.e.,
deleterious effects nlay occur belovv a
certain, unknovJn level of intake (Ref.
10). The r~l\S report on "Diet and
l-Iealth: Implications for H.educing
Chronic :Disesse RisJ(' emphasized,
hO\rvever, that potential benefits of
calciu.m intakes above the RDA's tu

[\VOCOHIHlents.

from the Lanntcllan
,~(J've:nl]TH~nt1 opposing.;A cOHurienl ;frorn;

co:rHr:UJ1liller advoca te grouP. urged 'FIlA.
Cal.llll(JUS and consider the

consnmer and foremos~tvihen
its decision. Comments

Hcadernic inst.itution and frorn
Su]ppjlen1erlt manufacturers provided
t.lfi~tnr"lrn~t.1r~n purporting to dernonstrate,
the effectiveness of a particul(~rtype of
calcium supplement orfoodadditive.
[fortificant) because of claimed sUperh)f
bioavailabilHy. T'he majority of the
cornmentspro'vided references or
reviews of the calcium and .osteoporosis
rela tionship all of \\thich w"ere taken into
consideraHon in preparing the science
review.

It Science Review

A.Federal Gove.rnlnenl and Other
Reports
F~DA identified seven documents.in

the Federal Register of March 28, 1991,
that revie\wved or made
recommendations relative to the
calcium-osteoporosis health relationshlp
(Refs. 1 through 6, and '10). InaddHion,
FDA considered the published
conclusions of several recent
governn1ent-sponsored conferences .and
reports and authoritative reviews (Refs.
7, 8, 9, 11~ 12 and 13).

Comparing the conclusions from the
first consensus conference on
osteoporosis sponsored by .NII-I in 1H84
(Refs. 5 and 6) to the most recent NIH
sponsored consensus conferencehe!d in
October 1990 (Ref. 7), there is an
evolution in thought concerning the
importance of calcium intake to
osteoporosis.

Changes in the recornrnended levels of
calcium intake, and also .changes in
t.arget populaHon emphasis have in large
part mirrored important clinical and
epidemiological findings over the last
decade. Initial ernpha.sis was on a higher

intake for adults, \'\TUh particular
focus on pos·tme:nopausal V'Jome.n {Refs.
5 and rrhe lB8·l r'~II1 report suggested
that .adults should conSUlne nl0re
than the loaD ReCOITlm.end.ed Daily
!dlo1,A.l(~nce (RDPlI.) of BOO mg of caJchrm:
HAdult ~VVOlnen and probably adult ulen
should have a total daily intake of 1t OOO
nlg of calciurn and \tvomen past
rnenopause, not on €B trogen
n,eed 1,500 Ing dailyH (Ref. 5).

Nlf-I republished this document in
1986 (Ref. 5) with the foHovrling caveat:
·'It has not yet been proven by
convincing scientific e'C\tddence that a

calciufll intake VI/ill prevent
osteoporosis. U This qualificaHon
reflected the resul t8 of studies that

.Federal R1~gistct /Vot 50. ~.No. 229 I

{~:JPS'8ns usDpve·i~ip~·l~·~n t Conference en

[Ref. 0); tbeNH11984 a.nd
Tre~~ tnlP,nt,

,5): FD./\ ·-Pr·oC!~>efHru:.s

r-JationalConference on
It ~~al th Series--SpecialT6.pic
C>inJerenc.e on Osteoporosis)! (Ref. '10J;
the [)epartmentof l'ealth a'nd IIunlan .
SerV1ec?s {DlllIS) "l'h~althy People 2000;:
l\Iational J-Iealth Promot~on and r))SeHSe

lPrevention ClbjecHves" (Ref. the
1990 International Conference
Bponsoredin partbyfoJH1.' "'Consens u:;'
Dev'elopmen t Conference:P:rophylaxis
and Treatm'ent of Osteoporosis" {Ref. .7J;
and theDI-n-ISHOsteoporos.is: Research,
Education, and I-lealth Promotion" (Ref.
8J.

Other authoritative documents used
included: the N:ationalAcaderny of
Sciencefs fr~f\S) "Diet and Health:
Implica tions fOT :R:educing Chronic
Disease Risk" {Ref.2}; the NAS
'"Recommended .Dietary .t\11owances~·

(Ref.3J; the World Health
:Organiz-ation's (WHO) "Diet,Nutrition~

and the Prevention of Chronic Diseasesn

IRef. 9); the Life Science ~ s Research
Organization (LSRO) uCalclum·and
Osteoporosis Report" (Reef. 13J: a.nd the
:NASHNutritionDuring Pregnancy
Report" (Ref. 12).

l'he agency considered the
conclusions reached by these docunlents
:in light of the findings of human studies
and new review articles In the scientific
literature published subsequent to these
documents. To assure that its review of
relevant evidence \vas conlplete, .FDA
requested in the Federal Register of
l\;farch2B~1991(56FR 12932),scientific
data and infonnation on the 10 specific

areas identified in the 1990
amendUlents. The topic of calciuITl and
costeoporosis\vasamong the 10 subjects
on ,{Nhich the agency requested
inforrna Hon.

C~oinrnentsh'1 Response to F1Jll
Data and .lnforn1otion

I'e~;p[)fH;;e to FDr\'s?v1arch 28, 1991
information other than

~n/.:,nl.::lnl,o in the authorItative docuntents
ci ted in the Federal n.egi.ster y the agency
r.r.~ceived comnlents from 17 sources.
1'hese sources included seven
rn.iulufacturers of calcium SU1PpJlenncJntB
or c8Jchun containing food Tllr!''1d-,(,tr1h~

three products or commodity interest
tvvo consumer-public health
groups~ tv'JO acadernic

insti iuhons, hvo privatecitizens~and
representa.tives :0£ the Canadian
government. Thesecornrnents are
described briefly here and vviH he
considered, as appropriate, throughout
the text of thisdocuxnent.

The ITlajority of the comments
.3upportedahealthclaim p.roposal
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prevent osteoporosis are not well
docunlcnh;d (Ref. 2).

The recommendations for a particular
level of dietary calchlffi intakf~ are a key
point of difference Binong the documents
that set guidelines (Refs. 2, 3, 5, 7\ and
11). iiRecommended Dietary
Allo\Nances," published by rlJllS
tecomrnended an extra allowance of
calcium to permit full minera.l deposition
through age 24, ra ther than through age
18~ as in the 1980 edition of the calcium
RDA (Ref. 3). The NPAS made this
change "to ensure a calcium intake that
allows the development of each
individuars geneqc~llyprogra'mmed
peak bone nUlss during thefornlative
years" (Refs. 2 and 3). E~rlier
recomn1endations of l~OOO to.1,500 mg
calcium per day for peri- and
postmenopausal women (Ref. 5) did not
prevail, and the 1989 RDA for all adults
of Inore than 25 years of age remained at
800 mg per day. This level for adults was
recommended in the 1990 consensus
conference, with higher, unstated levels
fot childhood~ adolescence, pregnancy,
lactation and old age (Ref. 7).

In summary, these documents show
general agreenlent that, despite the lack
of conclusive evidence, the data are
sufficiently compelling to suggest that
maintaining an adequate calcium intake
during adolescent and early adult life
rnay help to maximize peak bone mass
and ultimately to reduce the risk of
osteoporosis. Adequate calcium intake
during the peri- and postmenopausal
period in women and in elderly meh is
important, but alone, high calcium
intakes will not prevent the accelerated
rate of bone loss which normally occurs
in peri- and early post menopause.

B, Recent SCh:Jfltllic ReT/iew of the
Literature

1. Evidence Revie\!ved

A number of ilnportant studies have
been published since the publication of
the major authoritative and government
documents described in the previous
section, ii:.. thorough rev]ew of the
literature frOITI 1988 to March of 1991
revealed a number of r€view~

and resear'ch papers
various aspects of this

The criteria that the agency
to select studies required them to:
Present primary, clinical data

out in HannaI, ".-",~.,';; '.,,"
nonpregnant, or nontactating
adolescents or adults;

(2) Be available in English;
(3) include direct n1easures of bone

status such as bone mineral density; and
(4) Include a measure or estimate of

calci.um intake or level of calcium
supplenlen taHon.

The first criterion selected is
consist(~nt \vith the goals of the health
claim in that it will be applied to a
healthy normal population anti is no; to
be a therapeutic claim. The second
criterion is for convenience and was
compelled by the timeframes imposed
by the 1990 alnenrhnents. The third is
consistent with the goal of the health
claim in that it represents a direct
measure of the health status of bone.
'fhe fourth criterion represents
measurement of the nutrient for \vhich
evidence is sought to link adequate
intake to the reduced risk of
osteoporotic bone fracture.

FDA found that some of the papers
identified in the literature search were
not pertinent because they were carried
out in subjects that were either not
considered normal for their sex and age
as a result of recent bone fractures or
due to the diagnosis of osteoporosis or
some other endocrine or dietary
disorder (Refs. 14,39,40,43,56,57,84,
85, and 126). FDA did not consider
others because subjects were
inappropriately young (infants) (Refs. 81,
112 and 117), or the study failed to
include a direct measure of bone status
or calcium. intake (Refs. 38, 62 and 135).

Furthermore, animal studies were not
included in this review because "there is
no completely satisfactory anhnal model
of age-related or poshnenopausal
osteoporosis?~ (Ref. 2). While the
extrapolation of animal studies to the
human condition may not be
appropriate, the resu~lts of studies in all
animal models repeatedly show that Jow
calcium intake causes reduced bone
mass and osteoporosis (Refs. 46~ 76~ 77,
and 127).

2. Criteria Used in Evaluating Studies

The criteria used in evaluating hunH~D

epidemiological and clinical studies
included:

(1) Reliability and accuracy of the
!:nethods used in food intake analysis
cHll.d in assessing subjects, calciuDl
intake for the day of study, lifetime, or
their habitual intake, that iS l the usual
am.ount of calcium consumed;

(2) Choice of control subjects (e.g.,
age, sex, and race matched or matched
for years since illenopause);

(3) Representativeness of uu.Il..J!lu\JlUl.,

(4) Control of confounding factors~

particularly the level of activity or
physical exercise firtHS! be controlled;

(5) The sensitivity of the endpoints
measured, particularly with reference to
the type of bone measured
bone versus cancellous or the
bone site measured, (therate of bone
loss differs between types of bone
bone sites);

(6) Presence of recall bias nnd
intervietver.bias; Hnd

(7) Degree of COfilpHoncc and hovv
conlpHance"","as assessed.

FDA evaluated the weaknesses and
strengths of individual studies (see
iiAssessment" colun1n of the ·fable)'. It
then assessed the strength of the avera
cOInbined evidence (e.g. 9 clinica'
intervention studies and epidemiologic
studies) taking into account the strengtJ
of the association~ the consistency of
find]ngs, specificity of the association~

evidence for a biological mechanism,
and presence or absence of a dose
,response relationship. FDA's
conclusions reflect the strength,
consistency, and preponderance of dab

3. Evaluation of Evidence

FDA's evaluation of the totality of thE
recent human studies meeting the
criteria outlined above is presented in
Table 1.In addition, FDA considered a
number of recent thorough reviews· of
this subject written by well-recognized
experts which are not included in the
Table (Refs. 16, 18, 20, 21, 22, 23, 26, 45,
49. 67,69, 92, 103, 104, and 133).

To update and evaluate the impact of
new findings on the earlier conclusions
established by the authoritativ~and
consensus documents, FDA sought to
answer three questions:

First, do any of the studies present
evidence documenting the role of
calcium in achieving peak bone mass?
The most frequently cited study
supporting the irnportance of adequate
calcium intake to the attainment of peal
bone mass studied bone status and rate
of hip fracture (cross-sectionally or at
one point in Hnle) in two areas of rural
Yugoslavia [Ref. 95). The t"vo
conlmunities were similar in several
factors that could influence bone health
and fracture rates (similar age, racial
profiles, and levels of physical activity),
but differed significantly in their usual
calcium intake (about 400.versus 1,000
mg per day), Bone mass was
significantly greater in both men and
'Nomen by the age of 30 in the
conlffiunHy with the higher calcium
intake. ~vlore importantly, the incidence
of hip fracture was significantly lo~ver if
the high calciulTI intake COmlTIUnity with
the higher peak bone rnass. Experts
concluded from this study that high life~

long calciunl intakes did not prevent
bone loss since differences in bone rnas~

as a function of age were constant in
both but it did increase peak
cortical and significantly
reduced the hip fracture
la ter in life.

i\H the recent studies that examined
subjects over a \vide range of ages eithel
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'1/~'ele Sh(~\VIl 'to slnw the rate of loss in
IDflernlerHJtHH.1S~jl\'\i'OInen consuuringnrore

[Ref. 25) Hnd in those
G:o,~sumingcalchlnl supplenH~nts
123). In post:rnenopausal \vomen,
calciurn supplernentationhad no effect
on bone loss early in their
H1enopause, 'bul for women late un the1f
fnf.;nC~paiU'5e, the rate of bone loss was
51~;:nrt1canUvreduced with ;calci-um
SUppiDiTIf:'ntHtion if initial hahitual

1ntakes vvern low'er than 400 ;ng
per ':}.7]. l'his '.
stn.Jng evidence supporting other~

b,uve sho\",rn:-tbat bone
Ii ""'~~3' ••"!r->. ........ i ..... 'f< :t" '1-1.,,, cancellous bone at fhis
site} Rcssin e:udy is less
responsive [0 calcium su:pplernentanon
than cortical bonE~ of the

120). Ste~l..:enson el al,
:H~SO f.uund that of calciurn
did not innuence the rate of bone !ORS

after 12 [nonths of supplernenta tion in
~J'ornen studied ~he first 5V:f~Hrs

of nAenr~pause.. ,~

In a %.1.'0 Ulen :t~)

to 65 years of age., calciunl
supplen~entatiDnof postmenopausal
worn.en Vt;~dS shown toconnleract a
portion of the annual bone 1053 tha t is
altributabl.e to menopause 1;~3J.

(Hhe.rs found that thera le of bo·ne !03S

after 9mon.thsof caJeiuIH
1.'70D [ug pet

lJO:;t!'TI f;'HC) [Ha U ,~;.a 1 V.f(Jrnen\i\'as

~oV!.-er En untreated controls. but th~~

difference did not reach statistical
significance [Ref. 113). In this study..
fNhen comparisons \\'eremadeonly
between~Vofnenwithin10 years .of the
OD.set of Inenopanse. there was a
s~;~nlti(:arlt reduction in the rate of l)one
loss \vithcalcium supplernentation from
dairy products. Others shovved no
relation behveen habitual calcium
intake in postmenopausal women .and
bone rnineral density of the radius in·a
cross-sectional study (Ref. 128) or 0'£ the
radius. femoral neck or spine ina
longitudinal study [Ref. 131]. Hahltual
calciurfl intake exceeding 800 mg per
day was not effective in preventing
cortical bone loss in early menopa U:3e

laZ).
It is apparent tha t a large part of the

inconsistency observed in studies
involving postmenopausal\'Vomenmay
be the 'result of theover\;vhelming
infl uence of the hormonal cha.nge
in rnenopause versus that 'of Ante
menopause.\Vi th the exception of
Polley et al., {Ref. 11.3Jj these findings
suggest that suhj-ects studied in ·earl>'
Inenopause are less respcnsive to
increased calcium intake. but that
\VOnlen in latemenopause are
responsive. l'hese findings suggest the

;sho'\i~/I(\d that pnshnenopaunal VVOUlen

{;v'ho reported high lifeli:nle inlHkes {tf

C:d J.chnH had significantly greater bone
lhan those \Ilrhoreported !o~ver

hfethne intakes {Ref.36).,ReliabilH,} ·of
[;;d lch.un i.ntakeestinlates.either ·current
habHuaLor lifeHmeestimates. isaiso.a
concern because these data are
the'tJveakesl factor in these studies"

\1lhHe the results of the more re(;en~

st1Jdies do not orovidedefinitive
evidence '" highc21ciurn intHk~~ VJ
Hch1e\\,; ('mentmaxinn.un bonIf:

do provide .t:"."'}"~.rl ;'~!t1lt'··O

oen'H]r'l~3trHtlnR a trend for inCTeLils:ed
Done mass an a carefully (;;ontroUed.
cl:rdrc:Dl tria! (Ref. 97). and evidence [)f d

'nrr"',c~t;l"".a correlation to bone
~'V·henHfeHme:calciuHl Jintakf~S

\vere est~rnated (Refs. 36, 60 and '111).
~~:loreG·~~'·e:r. the results of scrne of these
studk~s delnonstrate that a c.tdch.un
~ntake is beneficial in rEducing the J'Cite

of bune ~oss in premenopu usa1 wornen
after peakboneulass is

achieved (R'efs.25, 78. and 111). j\
intervention trial that utilized subjects
over a '{yvide .range of ages sho\'ved a
positive correlation between calcilun
intake and bone m.ass (Ref. 1231
lIowever. the results did not in~Hcate
'whether this occurred through a
maximization of peak bone mass or
through a slowing effect. on the rate of
bone loss after skeletal maturity. 'Thus~

the recent data. although not definitive.
are sufficiently conlpeHing to support
the link b~tween adequate calciulll
intake and achievemen.t of peak bone
mass.

l'he second asked nn
il"'IO~"q,!.'l", ....d{~n these studies is whether

or high calcium inta.ke
reduces the risk of fracture. or slows the
ra tH of hone loss in younger or older
sun~E~cts, Variation in :results from the
old:erstudies underscores the lack of
conclusive evidence that high calcium
intake :delays the development of
osteoporosis.r\s stated in the Ni\S
report on ~~DietandHealth :Report:
IrnpHcations for Reducing
Disease Rh;k" (Ref. 2):

puL~Hshed reports have shown either
no or only a lnodesl relaUonship
between dietary calcium and cortical bone

* ~ * evidence that calcium
supp.[p.nr}ei11a,!icm prevents trabecular bone
loss associated ,vith menopause is at best
\ved.k. There is strong evidencethal'calGiu:m
supplenlentationhas a modest influence in
preventing cortical bone loss. but It

8'/idence rela ting caicium ~o

fracture prevalence IS scanty.

The !aGk ofconsistency in -results in
these older studies is the result fn part of
the various 'Confounders that are also.
regrettably. present in SOUle of the :more
recent studies. I--ligher calciuITt

t!n,I~;s-·se;ct1or:talllV (,·~t nne pol:!1 La thuf:)
tJC kongitudinaHy [suvt:ral points "fit·:!;,.

brne) contributed some cvidenct~

to peak hotu~ r:l(~~':i {Refs. 1B. 2:),
4B.50, ;·'8/ 82. 94,97, 98. 99. 111, 1~3, ~Hr.d

l,25). l\:lalkovic el aL.(Ref. 97)
d'::~lnon~trateda trend toward ern
increase in bone density Ine.asured in
~,\VO dHTel'put .slueh~ta] sites in young
te~::;D<1g~:;rs \vhoGonsnrrled h~ghtr le1.-~~l:i

o!" over a period of.2 }'t:'iifS

n~lative to an age~·rnatchedcontrol
;rrhe {:!Dntrols c(;nsumed jthtd~'

self-determined. (!:f vvhatis
h~rITH-=d""habHuar'Ca1C~unli·nt8.ke,

l'iovvf;ver, the difference in hone rn~ner-l:·d

bt:llAleen the high and ID\!\f

r~ah::1urn V\Iasn 0 t P 1 ,.~, h!~ h~, '."~ i H

faHtrre to sho~·..·
UsUcal cuuld ha ve bif;~;n

aHr~hut.dble to the sTHHB nUDlbeor of
sUlbl~eGjts studied (2-8 total). In anoth~;r

c~ inical trJial,Baran et aI., (Ref. 25)
ut:)rnoHstrated no change in bone loss an
\VUG1en (30 to 42 years old) CO:Hsun:llJl:%!

1,:300 to 1,500 nlg of catciuUl pef day over
3 ascompa:red to a COlI trol group

did not ·GOnSUnle added dairy
1n?'"n"~·H"..ilrl:' and that sho1lved a significant
2.9 percent lasso! bone.

Ina large supplementation study in
\\'omen35 to 65 years of age" Srnith'et
aL. (Ref. 12:3) deOlonstrated that daily
supplementation of 1,500 ·mg catch.1ITI per
day over 4 years 'in. premenopausal
wi./ornensignificantly reduced the loss of
bone mineral relative to controls.
Se,\,:eral cross-sectional studies in
preluenopausal women showed
significantly higher bone density in
'~ionH:nconsurrlinghigher calcium
intakes {Refs. 60,78.94, and 111l~ yet
others have failed to demonstrate a
significant positive correlation hehveen
bOl1e density and calcium intake
'.~ 9, 48. 86,98, gg,and '1251' In one study
in lr~en (Ref. B2), calcium intakel'vas
found to be anexceHent predictor of
bone density of ,the spine.

l\criticalconcern inevaluat!ng the
effectiveness of dietary calciurn intakes
on bone density is that calciun1 intakes
at the time of inter\1iew do not.alwavs
correlate well \'vlth hone dens!tv'"
rneasures that reflect a lifetime "'of a

,variety of influences. This lack of
correlali.on between intake and bone
density is particularly true for
postmenopausal vvo!nen {Refs. 94 and
124). 'However, in t\'vostudies """here
lifetime orhistor-ical calcium intake
(intake estimated at age 20) was
determined, there was strong pesl rive
correIatio'n betvveen high lifetime
calcium ·{>500 fllg per day] intake and
bone mineral density of the mid and
distal radius (Ref. BOland the lumbar
spine 1Re'f. 111).·Cauleyet al(1988)



f'ederal l~egister / Vul. 5G, No, i~29 / Wednesday, N"oveInber 27, 1991 I Proposed Rules 606~
iillitI",'ft'J5 B1...-.et+NMWUll ....-.1._. _T'li_J,Jl&CWL au ..'.M"W_.. _-~ ..•....--- -_ __._ _--------------_.._------_._-----------_.-._----------_.-.__._ _---._- ._.- - _---_.-.--.._.-_ _ _--_ .-._--.._-------- .._-.._.__ _..--- ----_ __._- ..

possilJility that adaptational innl!~~nces

COlne into play later in nlcnopause.
Another factor that may contribute to

the inconsistency of study results is the
differential response of the various
skeletal sites measured. Fujita, ct a1.,
(Ref. 55) shovved an increase in forearm
bone density (primarily cortical bone at
this site), but no change in spinal bone
([nostly cancellous bone at this site),
vvith calcium supplementation of
subjects grea ter than 70 years of age
(late menopause) for 2 years. Holbrook
et aL~ (Ref. 72) found that the age
adjusted risk of hip fracture was
associated with low estimates of dietary
calciuITI intake in a large papula tion of
men and women aged 50 to 79 at the
start of the 14-year study.

The results of the recent clinical trial
of f-Jelson et aI., (Ref. 102) underscores
this point concerning the differential
responses between cortical and
cancellous bone to increased calcium
intake. In this study, results shovved a
1.1 percent loss of bone density in the
femoral neck (cortical bone) in
postmenopausal women consuming a
moderate calcium intake, and a
significant 2 percent gain in femoral
neck bone density in women consuming
a high calcium intake. However, calcium
intake had no measurable effect on bone
mineral density of the spine (cancellous
bone) in this 12-month study.

Thus, as reported for earlier studies,
inconsistencies also exist in the results
of recent studies examining the effect of
calciunl intake on slowing the rate of
bone loss. Ho\tvever, recognition of the
facts that bone sites respond differently
to high calcium intake, and that their
responsiveness to calcium varies with
time after menopause, requires that any
evaluation of these studies place less
weight on those that found no effect of
calcium on spinal bone density in early
menopause because of what is thought
tobe the overriding effect of estrogen
withdrawal. Given the current
understanding, evidence becomes more
compelling in support of the hypothesis
that adequate calcium intake slows the
rate of bone loss in general in
perimenopausal women (Refs. 25, 78,
111, and 123) and in predominantly
cortical bone sites in women late in
menopause (Refs. 36, 47, 55, 102, and
113).

The third question considered "vas
whether or not any of the studies
showed a threshold effect for the level
of calcium intake associated with
changes in bone mass. The concept that
calcium is a threshold nutrient was
discussed in the FDA sponsored
conference on osteoporosis in 1987 (Ref.
10). Concern focused on the lower
threshold suggesting that low dietary

calciurn is a perrnissive c]enlcnt ra thei'
than a causative clenlent in the
dcvek)pn1t~ntof o~}teoporosis (Ref. CS),
()nly recently have the upper lirnits of
the effect of calcium intake been
exolored.

Kanders et al. (Ref. 78), in their cross-"
8t;ctional study, sho\ved that bone
mineral density of the spine did not
increase with calciunl intakes above BOO
to 1,000 mg per day, \tVhich implies an
upper limit of calcium intake on
optimizing peak bone mass in
premenopausal women. I-Ialioua and
Anderson (Ref. 60) observed sirnilar
results at levels above 800 mg of calciun1
per day in postmenopausal women.
These studies support the concept of an
upper level of calcium intake beyond
which no benefit to bone status can be
observed.

The more important aspect of the
threshold concept is the lower level, the
level of calcium intake below which
bone health is impaired. The findings of
Dawson Hughes et al. (Ref. 47), suggest
that for women in their late menopause
this level is probably around 400 mg per
day. This question clearly needs further
research and careful definition.

Another important consideration is
the speculation presented by Kanders
and her coauthors (Ref. 78) concerning
their findings that bone mineral density
of the spine can be influenced by both
physical activity and optiInal calcium
nutrition during the period of
consolidation in young adult women.
The authors speculate that if their
findings of an increase in spinal bone
mass were applied longitudinally (over
time), one may be able to delay the
development of osteoporosis and related
bone fractures for an estimated 10 years
(Ref. 78).

To summarize these new findings,
some aspects of the relationship
between calcium and osteoporosis
remain unclear, but with the growing
understanding of how other factors
confound these results, it is becoming
increasingly evident that calcium intake
has a significant impact on bone health.
Study results must be interpreted in light
of new findings concerning the
sensitivity of specific bone sites to diet,
the limitations of the effect of diet
during early menopause, and the
inherent weaknesses of measuring or
estimating habitual, current, lifetime or
historical calcium intake, the
independent variables in the recent
studies reviewed here. This issue of
accurate determinations of calcium
intake is discussed at length in the
LSRO report on "Calcium and
Osteoporosis" (Ref. 13). where the
authors emphasized that the weakest
point in determining the relationship

hct'~veer~ calc!urn intake and Ch("Hl~.~C!J iI

bone nlass rests \vith the inaJcqudcic:)
of detcrrnining this independent
variable, notably an accurate anJ
reliable estiIl1ate of calciun1 intake. It i:
now apparent that calcium's effect on
retarding bone loss in postInenopausal
\VaIDen may be influenced by habitual
calciunl intake, vvhere persons \Nith
lower habitual intakes shovv' the grca lc
response (Ref. 47). Thus, recent finding
were generally consistent and
strengthened the conclusions and
guidelines; set forth in the governnlent
and authoritative dOCUlnents.

III. Decision to Accept I-Ieahh Claim

A, PublJ'c llealth Context

Osteoporosis is a major health
concern of the elderly, particularly
\varnen, since 25 to 30 percent of all
postmenopausal women are affected
(Ref. 18). The etiology of this disease is
multifactorial with sex and race being
the strongest influences (Ref. 118). Lo",
calcium intake has been identified as c
risk factor, although controversy exist~

concerning the extent of its effect (Ref~

65, 79, and 80). Many experts argue tha
a lifetime low calcium intake, that is a1
levels below the level of obligatory los
(calcium that the body must lose every
day in fecal secretions and urine), whil
is usually 150 to 300 mg per day but
\·vhich some have defined as 300 to 400
mg per day, may result in low peak bOl

mass and above average loss of bone
mass in adults (Refs. 8 and 87).

B. Dietary Calcium Intake

National food intake surveys (Refs. ~

54, and 105) provide evidence
identifying calcium from dietary sourc~

as a problem nutrient in a subpopulatic
at risk for osteoporosis, namely worne]
between 11 through 35 years of age.
These surveys sho\v that men have a
greater intake of calcium than women
largely as the result of greater total
caloric consumption by men rather tha
as a result of differences in types of
foods consumed. These surveys sugge~

tha t as early as 9 years of age, mean
calcium intake for women is well belo~

the RDA and remains low from early tc
la te adulthood. These dietary data
alone, however, are insufficient to
establish calcium status of women 9
years and older with low dietary
calciuln intakes.

C. Sources of Calcium

For the general popuia tion, diet is th
primary source of calcium (Ref. 63J.
J-Iowever, for some individuals, calciur
in vitamin/mineral supplements or
contained in drinking water or in certa
chronically used medicines are
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significant sources of thpir total daily
calcium intake (Ref. 63). Calcium is not
uniforn11y distributed in the food supply.
fv1ilk and milk products are among the
richest sources of calcium and have
been shown in recent surveys to
contribute approximately 40 percent of
the total dietary calciurll ingested by
adult men and women and nearly 65
percent of the daily calcium in children
(Ref. 54).

D. Guidelines for Calcjun-; Intake

'fhe National Academy of Sciences
set the RDA for men and women 19
years of age and older at 800 mg per day
in 1980. Ho\vever, acknowledging that
greater calcium intake is needed during
the period of consolidation to maxiInize
peak bone mass, NAS redefined the
adult age range to include men and
women 25 years and older in the 1989
revision (Ref. 3). Because of differences
in physiologic need, it set the RDA for
adolescents 11 to 24 years of age at 1,200
mg per day; for children (1 to 10 years)
at 800 mg per day; at 540 mg for infants
(0.5 to 1 years); and at 360 mg per day
for neonates (Ref. 3). By definition, the
RDA for any nutrient contains a large
margin of safety, representing adequacy
for 95 percent of the healthy normal
population (Ref. 3).

E, Safety of Calcium Guidelines

Calcium toxicity is not generally
recognized as a problem in the United
States population because normal
healthy people have intrinsic control
mechanisms that prevent excessive
serum levels (Refs. 22, 63, and 73). The
main control occurs at the level of
absorption because calcium absorption
becomes less efficient as calcium intake
increases. The usual side-effects that are
the hallmark of calcium toxicity include
hypercalcemia (elevation of calcium in
the blood) which has neurologic and
neuromuscular effects, excessive
calcium loss in urine, formation of
kidney stones, and deposition of this
mineral in soft tissue·.

In 1979, an expert panel reviewed the
data on the safety and effectiveness of
various vitamin and mineral products
and concluded that "calcium intakes
ranging from 1,000 to 2,500 mg daily do
not result in hypercalcemia in normal
individuals" (Ref. 53). Calcium toxicity
is, however, a concern for individuals
who for some physiologic reason
hyperabsorb calcium from the gut or
from filtered urine. Most common among
these individuals are those with a family
history of kidney stones. For the normal
healthy population, the guidelines for
calcium intake (RDA) are considered
well wi thin the limits of safety.

F. Rotionole Leading to the Decision to
Accept 11ealth Clajm

FDA has proposed no specific
provisions pertaining to the agency's
assessmen t of conformance \vi th the
standard. Instead FDA envisions that to
satisfy the scientific standard, a health
claim must be supported by a sound
body of scientific evidence that
establishes the relationship between a
dietary component and a particular
disease or health related condition. The
data nlust persuade FDi\ that the
proposed claim is valid, and that the
benefits featured in the claim pertain to
the general U.S. population or to a
significant segment of the U.S.
population. Thus, the body of scientific
data must be strong. A few unconfirmed
studies, preliminary or incompletely
documented data, or significantly
contradictory findings do not constitute
a sound body of evidence.

The standard requires that significant
agreement exist among qualified experts
that the clahn is valid. "Qualified
experts" include individuals whose
training and experience have produced
a general or specific scientific expertise
in the diet/health topic being considered
for a specific claim. FDA is not
proposing to define "significant
agreement" among experts because each
situation may differ with the nature of
the health benefit. The agency believes
that any specific definition of such
agreement might prove arbitrary when

.viewed in the light of the multiplicity of
potential health benefits and the widely
variable nature of expertise required to
evaluate the significance of these
benefits. Instead, FDA intends to use the
discretion granted it by the 1990
amendments to assess the degree of
agreement on a case-by-case basis.
Nevertheless, FDA will take the full
range of opinions among qualified
scientific experts on a specific claim into
account in determining whether
significant agreement exists.

FDA does not prescribe a specific Bet t

type, or number of studies as being
sufficient to support a health claim for
the procedure to assess conformance
with the scientific standard. The agency
will consider all relevant data on a
topic, including clinical studies (human
studies conducted in a controlled
clinical setting), epidemiological data
(data from uncontrolled human
populations), and animal studies.
However, the type, quality, and
relevance of a study from'which data
are derived have an important bearing
on how much weight is placed upon the
data. Because of the many unknowns
about the direct effect of a dietary
substance on health or disease relative

to the effects of other environmental and
genetic variables, and given the
limitations on the ability to accurately
quantify dietary intake for some
substances, indirect approaches are
usually required to assess the scientific
\-'\Feight of a set of data.

The overriding principle \-vill be to
determine whether there are consistent
results from different types of vvell
conducted hun1an studies by different
investigators in different populations.
The strengths and weaknesses of each
individual study will be evaluated.
When experinlents with animal models
are appropriate, consistency of results
between human and animal studies ~/ill

also be considered. Such results will be
interpreted in the light of any available
evidence on the biological mechanism of
the substance-disease relationship,
evidence of a dose-response
relationship, and similarity of the test
substance with the nutrient or food
component of interest. The significance
of the disease from a U.S. public health
standpoint will be also evaluated. In
sum, FDA intends that its judgments
concerning the overall quality of
available data, the appropriateness of
the study design, the consistency across
different types of studies and
laboratories, and the conclusions
derived from the total body of evidence
will be based on the generally
recognized scientific procedures and
principles that are most appropriate to
the issues being addressed.

FDA has reviewed the conclusions in
the Federal government and other
documents (Refs. 1 through 13) and in
recent review articles on calcium intake
and osteoporosis (Refs. 16, 18, 20, 21, 22,
23,26,45,49,67,69,92,103,104, and
133). It also exami.ned the totality of
pertinent human studies published since
the NAS report on "Diet and Health:
Implications for Reducing Chronic
Disease Risk" (Refs. 18, 25, 36, 47, 48, 55,
72,78,82,86,94,97,98,99,102,111,113,
123, 124, 125, 128, 131, and 132). In
addition, the agency considered all
comments received in response to the
notice of request for scientific data in
the Federal Register of March 28,1991,
on the link bet~"een calcium intake and
osteoporosis. Based on the
overwhelming concurrence among the
experts in this area, FDA proposes to "
allow a health claim on the label of
products that meet the regulatory
specifications set forth in proposed
§ 101.72. The health claim will relay the
message that an adequate intake of
calcium throughout life may delay the
development of osteoporosis and
ultimately reduce the risk of bone
fracture in some individuals later in life.
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The tentative decision to allo\!v the
propo;.;ed claim is based on sign!fic:~nt

agreeinent among experts in the field
concerning tlu ee important conclusions,
First, experts conclude that maintcnanc,~~

of adequate calci"m intake during all
stages of life is important to nonnal
bone health and to optimal peak bone
H1ass, and tha t optinlizing bone mass at
skeletal maturity (at about 35 yean; of
age) may help to delay the onset or
reduce the risk of osteoporosis and
related bone fracture. To produce
definitive evidence directly linking
calcium intake to optimized bone mass
and ultima tely to reduced risk of
osteoporosis and the delayed onset of
bone fracture would require a 50- to 60
year-long study. However, there is

, overwhelming agreement among experts
and among the authoritative documents
reviewing this subject that adequate
calcium intakes are important in
optimizing bone health and therefore in
reducing the risk of osteoporo.sis. With a
higher peak bone mass, individuals have
a lower risk of reaching the critical
fracture threshold. Review of recent
data did not refute this conclusion; it
strengthened it, demonstrating a trend

. toward increased bone mass with higher
calcium intake.

Secondly, for older adults, experts
have concluded that maintenance of
adequate dietary calcium is crucial to
slowing the rate of bone loss, notably
during the first decade following
menopause. However, for the
postmenopausal women, calcium alone
will not significantly slow the rapid rate
of bone loss that occurs shortly after
menopause. The recent literature also
supports this conclusion with rigorously
controlled intervention, studies or
studies with more accurate measures of
estimated calcium intake. These recent
studies demonstrate the bone loss
slowing effects of calcium on bone sites
known to be responsive to this nutrient
and in women late in menopause, ""'hen
the overriding effect of estrogen
withdrawal does not mask the beneficial
effect of adequate dietary calcium.

Thirdly, bone experts have concluded
that the recommended calcium intake
levels are safe and there is a growing
recognition that RDA guidelines are
adequate and can be reached within the
context of the total daily diet. Current
evidence supports the concept that a
threshold nutrient intake level exists for
calcium, below which bone health is
jeopardized, and the concept of an upper
limit of intake, above'which bone
derives no further benefit (Refs. 10, 47,
64,78).

Maintaining an adequate calcium
intake is a concern in certain segments

of the Unitcd Statcs population.
f:stimates of daily calcium intake for
men and \vomcn determ:ned in the most
recent nationwide survevs sho\v that for
nlen, mean calcium intake closely
approxirnates the guideline for intdke
throughout their life span (Refs. 35 and
105). I-Iowever, both surveys show that
the average calcium intake for women
falls 'Nell below the 1980 RDA guideline
and remains below the RDA with
incre3sing age. This low calcium intake
in conjunction with high rates of
osteoporosis in the elderly, female, u.s.
population is of greatest concern in
adolescent and young adult women, an
age group with the highest calcium
requirement and who comprise the
papula tion at grea test risk of developing
osteoporosis (Refs. 2 and 3). Others at
risk of osteoporosis because of lo\tV
calcium intake include those
individuals, notably women and elderly
men, whose calcium intakes may be less
than the amount of calcium that is
naturally required to be lost each day in
urine or in gastrointestinal secretions or
s\veat (Ref. 8). No individual should
consume less calcium than they
naturally lose in a day which is
normally about 200 mg or in the range of
150 to 300 mg, but may range between
300 to 400 mg per day (Refs. 3, 8, 66, and
88). A decision to allow a health claim
would help the public to meet one of the
dietary goals established in the federally
sponsored "Healthy People 2,000:
National Health Promotion and Disease
Prevention Objectives" (Ref. 11), since
the labels will facilitate the recognition
of calcium-rich products.

The newer evidence is supportive of,
and does not contradict the scientific
consensus reached earlier. However,
from the findings of the documents and
studies cited above, the role of calcium
in reducing the risk of osteoporosis is
most relevant for those subpopulations
at greatest risk because of sex, race, or
family history.

IV. Description and Rationale for
Components of Health Claim

A. Relationship Between Calcium and
Osteoporosis

Based on the totality of the evidence
and significant scientific agreement
among experts qualified by training and
experience to evaluate such claims, FDA
has tentatively determined that there is
adequate scientific evidence that
consumption of an adequate calcium
intake throughout life may optimize
peak bone mass during adolescence and
early adulthood and help to slo\'\7 the
rate of bone loss later in life. By
maximizing the amount of bone present
in old age through higher peak mass and

subsequent slo\ovcr ra te of loss.! one In;i

reduce the risk of ostcoporosis and
related bone fractures.

In proposed § 101.72(a). FIlA.
describes the relationship bet\"~icen

calcium and osteoporosis. Experts h:!VI

identified 10\\1' or inadequate calcilun
intakes as one of many risk factors in
the development of osteoporosis (Refs.
21, 63~ 95~ and 118). Inadequate calcium
intake is thought to cODtriLute to low
peak bone mass (Ref. 10). Peak bone:
mass is the total quantity of bone
present a t skeletal Ina turity which
experts believe has the grea test bearin;
on whether a person will be a t risk of
developing osteoporosis and rela ted
bone fractures later in life (Refs. 21, 64
and 118). The rate of bone loss after
skeletal maturity also influences the
amount to bone present at old age and
also influences an individual's risk of
developing osteoporosis (Refs. 21 and
118).

Experts conclude that an adequate
calcium intake maintained throughout
life, particularly during adolescence an
early adulthood, will help to achieve
one's genetically programmed upper
limit of bone density (Refs. 2, 3 and 64).
The rationale linking adequate calcium
intake and optimal pe-ak bone mass to
the reduced risk of osteoporotic fracturl
relates to the fact that all individuals
lose bone as they age. However~ those
individuals with more bone present at
rna turity take longer to reach the critica
reduction in bone mass at which bone
fractures with little trauma (Ref. 20).

Bone density later in life depends on
both the amount of bone made during
growth (peak bone mass) and the
subsequent ra te of bone loss after
maturity. Maintenance of an adequate
calcium intake later in life has been
shown to be important in reducing the
ra te of bone loss particularly in the
elderly (Refs. 63 and 118) and in women
during the first decade following
menopause (Refs. 47, 63, 67, 102 and
118).

In proposed § 101.72(d)(3), FDA
requires that the health claim state the
mechanism of optimizing peak bone
mass during adolescence and early
adulthood and the mechanism of helpin,
to slo\iv the rate of bone loss at
menopause in women and in the elderly
by adequate consumption of calcium.
These mechanisms link calcium. intake
to the disease sta te of osteoporosis. In
the label statement, FDA proposes to
allow the concept of achieving peak
bone mass to be conveyed to the public
vv-ith a simpler phrase such as "build
and maintain good bone health."
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B. Sjgnlficol1ce of Cu/cil/1l7

In proposed § 101.72(b), FDA is
describing the significance of calcium in
affecting osteoporosis. T'hc agency has
tentatively identified those factors that
describe the multifactorial na ture of
osteoporosis and has identified those
risk factors that identify subpopulations
of individuals \tvho would most benefit
from a lifelong, adequa te calcium
consurilption. In proposed § § 101.72(bJ
and 101.72(d)(2), FDA tentatively
,roposes to require specific
~dentificationof those individuals vvithin
the general population at greatest risk of
developing osteoporosis and for whorn
the proposed health claim would have
greatest benefit. These individuals
include Caucasian and possibly Asian
VJomen and adolescent girls between 11
and 35 years of age, Dlen and "vornen
'with family histories of osteoporosis,
D1enopausal women (who may be
identified as middle-aged women in the
label statement), and elderly men and
women.

Proposed § 101.72(d)(2) also
tentatively requires that the health claim
not convey the misconception that the
risk of osteoporosis is equally applicable
across the general United States
population. Many individuals in the u.s.
population are at much lovver risk for
the development of osteoporosis than
the target populations described above.
This fact was presented to the public as
early as 1984, when NII-I identified those
individuals at greatest risk of
osteoporosis in their publication,
"Osteoporosis: Cause, Treatment,
Prevention" (Ref. 5). Being Caucasian
was cited as the third greatest risk
factor following being a woman and
early menopause (Ref. 5). The document
further stated that "white women are at
higher risk than black women and white
men are at higher risk than black men
and oriental women are also thought to
be at greater risk for the disease, but
there is not enough data to confirm this"
(Ref. 5).

African Americans have a
significantly lovver incidence of
osteoporosis-related bone fracture than
Caucasian Americans (Refs. 28, 41, 118,
and 136). This lower incidence of
osteoporosis in r\frican Americans is
attributed to a significantly higher peak
bone mass than Caucasian Americans
(Ref. 28). Asian Americans are reported
to have lower bone mineral content of
the radius than age-matched Caucasians
(Refs. 21 and 134). However, recent
findings show that hip fracture rates
among Asian Americans are
approximately half that of Caucasians
(Ref. 121). Data on time trends in the
incidence of hip fractures are available

for Caucasians and to a limited extent
Asian populations (Ref. 136). These data
indicate an increase in the incidence of
hip fractures in Asian women and Inen.
Inforrna tion on the bone density and
fracture incidence among Hispanics in
America is limited but reported to be
lower than Caucasians (Ref. 136).

The vast majority of studies
examining calcium intake and bone
status exclusively use Caucasian
subjects (Ref. 13), largely because the
incidence of the disease is higher in
Caucasians. In addition, surveys
indicate that other races such as African
Americans have a much lower calcium
intake purportedly because of their
inability to digest the milk sugar, lactose
(lactose intolerance) (Refs. 50, 51 and
63). In light of the facts that African
Americans have genetically higher peak
bone mass, significantly lo\ver incidence
of osteoporosis-related bone fracture,
IOV'ver calcium intakes, and significantly
higher incidence of lactose intolerance,
they are at much lower risk of
developing osteoporosis and
presumably would not benefit by
increasing their calcium intake.
Moreover, with milk and milk-related
products contributing the greatest
portion of dietary calcium to daily
calcium intake (Ref. 54), trying to
consume because of dietary calciu111
may result in greater incidence of
discomfort due to lactose intolerance. A
similar statement could be made for
other racial groups such as Hispanic
Americans, al though far less data is
available concerning the incidence of
osteoporosis-related bone loss in this
population, but they have been
identified as having low calcium intakes
and lactose intolerance (Refs. 51, 63 and
137).

FDA does not want to nlislead those
individuals within the population for
whom there is no apparent benefit to
bone health from consuming relatively
higher levels of calcium over a lifetime.
However, this is a difficult concept to
present on a label claim without
confusing the general population. Thus,
the agency solicits comment on
alternative ways of presenting this
information and tentatively proposes in
§ 101.72(d)(2) that the claim shall not
convey the misconception that the risk
of osteoporosis is equally applicable to
the general United 8tates papulation,
and that the subpopulation clearly at
greatest risk is identified. l'his
subpopulation includes Caucasian
females but may also include Asian
females. The agency has proposed tha t
the subject of appropriate population
targeting for the calcium and
osteoporosis health claim, and how to

most clearly present this information to
the public, as an objective of the focus
groups assembled to examine the impact
and interpretation of the new labeling.

Men have greater peak bone mass
than women across all races, and in
addition men do not undergo the rapid
fa te of bone loss tha t women experience
at the onset of menopause (Refs. 74 and
136). These factors contribute to men
having a significantly greater bone n1HSS

in later years than \-\~omen. These
differences in the fate of loss of bone
and in the total bone mass at maturity
help to explain the significantly lo\ver
incidence of osteoporosis in men
compared to women (Refs. 20 and 118)

Calcium intake is not the only
recognized risk factor in the ..
development of osteoporosis. Other
factors include a person's sex, race,
hormonal status, family history, body
stature, level of exercise, general diet,
and specific life style choices, such as
smoking and excess alcohol
consumption. Experts have identified
those individuals at greatest risk of
developing osteoporosis as being older,
Caucasian or Asian, female and
menopausal (natural or premature), thin
and slight in stature with a relatively
sedentary lifestyle (Refs. 10, 83, 109 and
118). Cigarette smoking and high alcohol
intake also increases individual risk for
the development of osteoporosis (Refs.
64 and 83).

In proposed § 101.72(d)(1), FDA
tentatively proposes to require that the
claim make clear that calcium is not the
only recognized risk factor in the
multifactorial bone disease,
osteoporosis, by identifying specific
other risk factors including sex, race,
family history, and the need for
adequate exercise and a well-balanced
diet. Because osteoporosis is
multifactorial, FDA believes that it is
not possible to quantitate the amount of
reduced risk of osteoporosis that resultR
from adequate calcium intake
throughout life. Therefore, FDA is
proposing in § 101.72(d)(4) to require
that a claim not quantative the degree of
reduced risk.

In proposed § 101.72(d)(5), FDA is
providing that a claim shall state that a
total dietary intake of calcium of grea ter
than 200 percent of the RDI (1,800 mg)
has no known additional benefit. This
provision reflects the findings discussed
above that calcium intakes of 800 to
1,000 mg of calcium a day appear to be
the upper level of calcium intake beyond
vvhich no benefit to bone status has
been observed (Refs. 60 and 78). The
agency has tentatively set this level at
1,800 mg a day to reflect that higher
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arnounts of calciur'"" arc needed in old
age (Ref. 7).

C. Proposed Quo/,;ying LCl'e/s of
C'olcium

In proposed § 101.72(c)(2), FD."- is
proposing to identify the calcium
content levels needed to qualify for a
health claim. In the companion
document on general requirements for
health claims, published elsewhere in
this issue of the Federal Register, FDA
has tentati'vely concluded that for
nutrients for which increases in intake
are associated \vith a desirable health
outcome~ FDA's proposed criterion for a
"high'~ amount of a nutrient shall be the
basis for detern1ining the minimum
amount of the nutrient that must be in a
food for the food to be eligible to bear a
health claim. This criterion is described
in the proposal on nutrient content
claims, published elsewhere in this issue
of the Federal Register. For calcium, a
product must contain a minimum of 20
percent of the proposed RDI for calcium
(see companion document on
~iandatoryNutrition Labeling published
elsewhere in this issue of the Federal
R.egister) or 180 mg of calcium per
reference amount customarily consumed
and per labeled serving to meet this
criterion. This amount may either be
naturally occurring in foods or may be
added to a food or a supplement.

In proposed § 101.72(c)(1), FDA is
requiring that a product satisfy all the
requirements of § 101.44. Among these
requirements is that if a calcium
containing ingredient is added to a food
or supplement, the use of that ingredient
must be demonstrated by the proponent
of the claim to be safe and lawful under
the applicable food safety provisions of
the act. This showing can be made in a
number of ways, including a showing
that the use of the substance is:

(1) GRAS as listed in 21 CFR part 182~

or in accord with the general principles
stated in 21 CFR 170.30, provided that
the use of the ingredient remains at
individual consumption levels consistent
with its use prior to January 1,1958; or

(2) Affirmed as GRAS in 21 CFR part
184, approved for use as a food additive,
or subject to a sanction or approval
granted by FDA or the u.s. Department
of Agriculture (USDA) prior to
September 6, 1958.

In addition, FDA is proposing in
§ 101.72(c)(3) that the calcium content of
the product, either added or natural, be
assimilable as required in the calcium
and iron enrichment of cereal-grain
products (21 CFR part 137). Benefits of
calcium intake from foods and
supplements can only be obtained if the
calcium is available for metabolic use
by the body. There is strong evidence

that dietary intake of protein, fiber,
phosphorus, and certain naturally
occurring and added substances such as
oxalate. phylute, and fiber interfere with
calcium absorption or nlctabolism (Refs.,
15, 63, 69, and 71).

FDA is concerned about the
bioavailability (ability to assimilate) of
the calcium contained in products that
Dlake a health claim. It would be
nlisleading to put a health claim for a
substance on a food if consumption of
that food will not provide the substance.,
Spinach illustrates the concern that
products contain bioavailable calcium.
While spinach is rich in calcium, it is nou
an appropriate candidate for a health
claim on its label because of its
established poor calcium bioavailability
(Ref. 70). FDA recognizes the difficulty
of assessing mineral bioavailability in
humans vvhere inter-individual variation
is a significant confounding factor. For
this reason, FDA requests comments on
ho\v calcium bioavailability can be
assessed without bias in products under
review for health claim eligibility. More
specifically, the agency requests
comments that would flag other foods or
food components that are good sources
of calcium but have poor bioavailability.
These solicited comments should also
consider products that are processed in
such a way that the processing alters the
bioavailability. For example, yeast
enzymatic cleavage of phytase during
the leavening of bread alters calcium
bioavailability (Ref. 15). The agency also
requests comments on how to address
the issue of bioavailability for calcium
supplements (Refs. 66, 69, 108 and 122).

D. Proposed Disquahfying Components
ofProducts

Calcium bioavailability means both
absorption and tissue utilization of
calcium. Therefore, the presence of food
or supplement components that cause
increased urinary or fecal excretion, or
impair the utilization of calcium by
bone, would disqualify a product for a
calciunl-osteoporosis claim. Thus, FDA
is proposing in § 101.72(c)(4) to
disqualify calcium supplements from a
health claim if they fail to nleet the
United States Pharmacopeia standards
for disintegration (Refs. 122, 129 and
130) and dissolution (Refs. 122, 129 and
130). These products should not contain
any substance, such as a salt of orotic
acid, that is known to be harmful and to
have adverse effects on calcium
metabolism or on nutrient status (Refs.
42, 61 and 75).

High levels of dietary phosphorus and
protein significantly adversely affect the
metaholism and 0 bligatory loss of
calcium, respectively (Refs. 2, 3 and 17).
The agency, however, is not proposing

to disquulify high protein products frop.)
bearing a calcium claim. Like cl1lciuDl,
protein is not ubiquitously distributed il
our food supply and is riche~t in spccifi
food sourCf~S (Refs. 27 and 110). Sonlc U

these protein rich foods, such as milk OJ

n1ilk products, contribute more than hal
the calciurn and protein intake of SOOle

individuals, notably children. Thus,
relatively few foods are sources of
c,alcium and protein, forcing conSUlners
to be selective to meet the nutrHional
needs for both calcium and protein" It
"'ould be rrlisleading to disqualify a
product that is both rich in calcium oEd
protein based on the protein's effect on
urinary excretion of calcium without
knowledge of what contribution this
product made to the consumer's total
protein intake.

While only a few foods are rich in
calcium and protein, nearly all foods
contain phosphorus as either a na tura}
component or as an ingredient added
during processing (Refs. 17, 31 and 58).
Thus, unlike for calcium, consumers do
not have to be selective to meet their
daily phosphorus needs. In contrast to
the low calcium intakes that have been
reported for the majority of American
women, phosphorus consumption is hig
for both men and women (Ref. 31).
National nutrition surveys indicate tha1
the diets of teenagers and young adults
are relatively high in phosphorus and
low in calcium (mean daily intake of 50
to 600 mg per day of calcium and greah
than 1,000 mg per day of phosphorus)
(Ref. 105).

According to NRC's 1989 report
"Recommended Daily Allowances," thE
desired calcium to phosphorus ratio of
the 1]nited States diet is 1:1, but the ratj
of actual food consumption patterns
differs with age (Ref. 3). Infant
consumption patterns produce a ratio 0

2.3:1 for human milk, that decreases
with age to 1:1.8 for adults but may be
as low as 1:4 for individuals with low
intake of dairy foods or green vegetablE
(Ref. 3). Protein rich foods such as milk
meat, poultry, fish, cheese, and cereal
grains contribute the majority of
phosphorus in the American diet, but
highly processed and convenience food
can contribute 20 to 30 percent of the
daily phosphorus as food additives (Re
58). Evidence sho~vs that phosphorus
intake may be underestimated as nluch
as 15 to 20 percent, because the
phosphorus supplied by numerous food
additives in processed foods are not
always accounted for in tables of food
composition (Ref. 106).

FDA is proposing tha t high levels of
phosphorus (naturally occurring or
added) in conventional foods or
supplements that result in c?lcium to
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phosphorus ratios lower than 1:1 will
disqualify the product [raIn bearing a
calciunl/osteoporosis health clainl.
FDA's tentative decision to identify
phosphorus as a disqualifying nutrient is
based on the ubiquitous distribution of
this mineral:in the food supply, the low
ratio of calciunl to phosphorus that
typifies current intake pa tterns, and
current evidence demonstrating thiJ.t
high levels of dietary phosphorus
coupled \tvith low dietary calcium
adversely influence hormonal factors
tha t regula te calciuni anel bone
metabolism (Refs. 17, 21, 29, 32, 45, 93,
114, and 1161. Recent studies in humans
shovv that high intakes of phosphorus
cornpared to calcium typically observed
in the United States diet vvill produce
changes in serum calcium and bone
regulaiing horU10nes that may adversely
affect peak bone mass (Refs. 17, 21, 31,
32, 114, 115 and 116). This evidence is
supported by findings from a variety of
animal models delTIOnstrating"that diets
high in phosphorus and rela tively lovv in
calcium result in changes in calcium
regula ting hornlones tha t adversely
affect bone formation and stimulate
bone resorption, and ultimately bone
loss (Ref. 46). "

To qualify for the health claim,FDA
tentatively proposes in § 101.72(c)(5)
that a product should not contain more
phosphorus than calcium on a weight
per weight basis. For those products tha t
contain just 20 percent of the proposed
RDI for calcium (about 180 mg of
calcium), the product must contain no
more than 20 percent of the RDI for
phosphorus (about 180 mg) in a single
serving or recommended daily
supplement intake to be eligible to bear
a health claim. This level is consistent
\'vith the 1:1 ratio of calcium to
phosphorus set by the RDA for calcium
and phosphorus (Ref. 3) and previous
nutritional quality guidelines
promulgated by FDA. This proposed
disqualifying level of phosphorus is
consistent with the nutritionat
guidelines set forth in § 104.47(d)(4):
"When technologically practicable,
product components and ingredients
shall be selected to obtain the desirable
calcium to phosphorus ratio of 1:1."

Other nutrients, such as sodium, also
have adverse effects on calcium
metabolism when high dietary levels are
consumed (Refs. 59 and 135). I-Io'Vvever.
sodium and other nutrients in high levels
may disqualify a product from the claim
because of their association with
diseases other than osteoporosis. FDA
has proposed disqualifying levels for fa t,
Jaturated fat, cholesterol, and sodium in
proposed§101.14. In" proposed
§ 101.72(c)(1),as stated above/ FDj\

proposes tha t all requirenlents for health
claims as defined in proposed § 101.14
must be nlct for a product to bear a
claim relating calcium intake to
osteoporos.is. Disqualifying nutrient
levels are discussed in the proposal on
general principles for health clainls
published elsev~rhere in this issue of the
Federal Register.

Given theproposed conditions and
requirements for a product to bear a
health clairn relating calcium intake to
reduced risk of osteoporosis discussed
above, some typical foods that would
qualify for this clair..f1 include servings of:
IO'Nfat yogurt, 1 and 2 percent fat milk,
skim milk, cultured buttermilk, 2 percent
lowfat chocolate fililk and tofu (Ref. 44).
As discussed in the preamble to the
proposal on general principles for health
claims, FD.l\. finds no basis to provide an
exception to the disqualifying levels to
permit a calcium and osteoporosis clairn
on whole DIilk.

To assist manufacturers in
formulating a health ciaim, FDA is
providing a model lllessage in the
proposed. regula tion.

V. Appendix to the Preamble
Consumer Summary on Dietary Calcium
and Osteoporosis

The follovving appendix is a proposed
consun1er summary ori dietary calcium
and osteoporosis."FDA solicits
comments on this document as
explained in the proposal on general
requirements for health claims
published elsewhere in this isue of the
Federal Register.

Appendix-Consumer Summary on
Dietary Calcium and Osteoporosis

Djetary Calcjum and Osteoporosjs

Under the provisions of the recent
Nutrition Labeling and Education Act,
manufacturers may put clear
information on the food label about the
relationship between a nutrient, such as
calcium, and a disease or health-related
condition. To prevent Consumers from
being misled, the Food and Drug
Administration (FDA) allows only
truthful label statements about"diet and
health rela tionships that are firmly
supported by current scientific evidence.
There is agreement that the evidence is
strong enough to allow a health claim
about the relationship between dietary
calcium and 9steoporosis.

Many consumers have said that
health claims on food labels could be
useful to them in making improvements
in their diets. Ho\vever, label space is
often limited. Therefore, this pamphlet
provides information about the diet and
health claims that supplements what
you may see on food labels".

In addition to dietary calcium and
osteoporosis, FDA is allowing health
claims about the relationship betvveen
sodiurn and hypertension, saturated fat
and cholesterol and cardiovascular
disease, fat and cancer, and
_~ . For infornlaUon about
these other diet and health
1'e1ationships, write to: [TO BE
INSERTEDJ.

What is Osteoporo<']j"s?

Osteoporosis is a disease condi tion in
which reduced bone ITH-1SS causes the
bones to fracture easily. The disease
occurs in both sexes but is more
COITunon among older \-varnen.

ltVhy js Tnere Concern ~4b0l1t

Os teoporosjs?

Osteoporosis is a public health
concern' because from 15 to 20 million
Americans are affected. Osteoporosis
reduces the mobility and quality of life
of the peqple affected. The disease is
responsible for about 50,000 deaths'
annually, and substantial health care
costs are associated with it.

One-third of women 65 years and
older have "spinal vertebrae fractures, "
the most common break associated with
osteoporosis~Vertebra!. fractures are
often undetected, and few women
identify the height loss that results as
due to osteoporosis. rv1any elderly men
and vvornen suffer hip fractures as a
result of osteoporosis, which few people
associate with this disease.

Osteoporosis contributes to some 1.3
million bone fractures per year in
persons 45 years and older. Spinal
fractures are painful, but hip fractures
may have more serious effects and
usually result in hospitalization.

VI/hat js the Cause of Osteoporosjs?

Osteoporosis is a complex disease,
and why it develops in some people is
not.entirely understood at this'time. The
factors that make a person most at risk
for developing. the disease are increased
age and being a felnale (particularly
\!vhen ]oss of the hormone estrogen
occurs) of the Caucasian or Asian race.
However, several lifestyle factors over
which people have greater control are
also believed to be associated \\lith a
decreased risk of its developn1cnt. These
include consuming an adequate amount
of dietary calcium and getting enough
exercise, especially during the bone
forming ye~rs; .eating a qalanced diet;
not smoking cigarettes; and ei ther no"t
drinking alcohol or doing so in
moderation.

The exact na ture of the associa tion
between calcium and osteoporosis is
under active research. Scientific experts
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agree thl.~t consLfnicg nD 'UUl'"''_~'''-l'''

'-lP.10'lnt of 0<-l'~~"::t':m in "'fle l" abet
~i1;'o~]ghoutUli'i~~ ll:~- fn~p(~rtD~I t ~to l.H:,r: fl'

hC(jIth.
The H1dXlfn:JDl aK118Un~ of bone fhd~ ~ll

person can build is deteunined by
heredity',. Bone continues fo be added to
the ske]t~ton until ::£ bout 35 years of age 9

at \vhich tirne ske!et~:d fi1aturity occurs"
Scientists agree that adequate dietdry
calcium during the bone-fon:ning years is
important to building an opHn:.al amOUIJt

of bone (caned "peak" bone mass].
Building optimal bone ma.ss through a
balanced diet, including adequate
calcium~ until skeletal maturity occurs
may help to delay the onset of or limit
the chance of developingostedporosis
later in life.

Bone experts also agree that, for
adults in nlidlife or older years:,
maintaining adequate dietary calcium is
crucial to slowing down the rate of bone
loss that naturally occurs at that tinle.
Getting enough dietary calcium is
especially important during the first
decade following menopause. However,
for women at the onset of menopause,
dietary calcium alone will not
sufficiently slo'v\1 the rate of bone loss,
which is especially rapid early in
menopause. At menopause, estrogen
replacement therapy is the most
effective means to reduce the rate of
bone loss, and the risk for fractures.

Low calcium intakes are of greatest
concern in adolescent and young women
who have high calcium requirements.
Young women who do not meet their
calcium need during these age 'periods
are most at risk of developing
osteoporosis later in life.
Postmenopausal \vomen and elderly
men also are at special risk of
developing osteoporosis.

Do lvlost People Get Enough Calcium in
I!t'hat They Eat?

Because of concern that SOlue people
are cohsun1ing too little calciuffi9 the u'~s.

Public Health Service has set a national
health goal for people to eat food
sources of calcium regularly. People
from 12 to 25 years of age are
encouraged to eat 3 or more servings a
day of foods that are sou.rces of calciunl.
This advice is appropriate for pregnant
and lactating women because of their
higher calcium needs. All adults 25
years and older are encouraged to
consume 2 or more servings of calcium
rich foods daily.

f{o~vDo You Learn vllhich Foods Are
Sources of Calcium

A good way to learn about food
sources of calcium is to read nutrition
labels. Most foods now have nutrition
information on their labels.

The aD10unt of caldun~~ in H sprving (If

f~)ud is Hsted on the nutrH]on 1:1 ~}:J~ as a
of the Rcfen~nce Dany rnf aLe

RDl for calcium is 9tlO
n·,.~",c~ .... nr.,.....1t' (mg) for adults and chtrdn~n

over 4: years of age. The HDI is not :~n

amou'nt recornmended for you
persoHaHy. It is a general fiCferen:;e
nun1ber to help you determin.e ho\'v the
arnount of calcium in a ser,ting of food
relates to an average amount for a day"

~,,'f.ore specific information for
individuals COilles from the National
Academy of Sciences which
recommends amounts of calcium for
several age groups. For infants and
children younger than 11 years, the
recommended daily alnounts range from
400 to 800 mg. The recommended daily
amount of calcium for ages 11 through 24
years for both sexes, when maximum
bone gro\vth OCCUI's~ is 1,200 mg. l'he
recommended daily alTIOunt for 25 years
and older is 800 mg. For pregnant or
lactating women, 1,200 mg of calcium a
day is recommended. These
recommended amounts can be reached
easily by choosing foods each day that
are good sources of calciunl.

The richest sources of calcium are
milk and other dairy products, which
provide much of the calcium in U.S.
diets. Some people cannot or only
poorly digest the. sugar (lCl,ctose) in milk,
and are said to have "lactose
intolerance." Most' people with lactose
intolerance, however, are able to
consume small amounts of milk and
other products containing lactose
without distress. l~lso low-lactose and
reduced-lactose dairy products are
available.

Some foods containing relatively
small amounts of calciuDl but that are
eaten frequently during the day, for
example t bread, are also good sources of

. calcium. Other nonfood sources, such as
drinking water and some medications,
such as antacids containing calcium
carbonate, may also contribute to the
level of calcium that you consume.

Mihal Do Label ClaiJns About Calcium
A-lean?

Besides the amount of caJciunl on the
nutrition label, you may see claims
about calcium:in other places on the
package of some products. There are
two kinds of these label claims-content
claims and health claims.

Content clail11s are those made about
the amount of,calcium the food contains.
For example, a label may say Hhigh in
calcium" or "source of calcium." FDA
allows a food that contains 20 percent or
more of the RDI per serving to.be
labeled as a 'thigh" in calcium, while a
food containing from 10 percent to 20

perc,en~ of the RD] pcr serving t:nn be
LibelQd as a ~!sourCl2~~ of cakiu;;,j\ ..

S{H?1tR foods thcSJ are high in or S(Hlrc('~~:

of c3Ic]um. Dlay conttci~n one or rnore
nutrients that increase the r;sk of a dict
related disease., For example.) a high
sodiufil intake is linked to high blood
pressure in some people. To alert
consum.ers~ a claim abou.t calciuill
content cannot be made on the ]alh;~ of
such foods \rvithout indicating the
presence of the other nutrient. A labe~

might say~ for example, "High in
calciunl; see nutrition label for
information about sodium and other
nutrients."

Health clain~s are those made about
the relationship between ca!cium and
osteoporosis. 'A health claim can be
made only on foods that contain 20
percent or more of the RDI of calchHn
per serving and do not contain another
nutrient (or nutrients) that increase the
risk ora diet-related disease or health
condition. Here are some examples of
the kinds of foods on which you may see
such claims: low fat milk, skim milk
including·dry skim milk, buttermilk
made from sk.im milk, chocolate drinks
and yogurtmade from skim or low fat
milk, reduced-calorie chocolate and
cocoa dairy drink mixes, orange
breakfast drinks~ and tofu.'

What About Dietary 8upplencents of
Calciufl1?

The first important approach to
getting enough calcium is to choose a
healthful diet that has food sources of
calcium. If for some reason (such as
food intolerance or an increased calcium
need during pregnancy or lactation), it's
difficult to eat foods with enough
calciun19 a supplement to the diet may
be appropriate. Supplements that
exceed the recommended levels are
unnecessary, however, and provide no
further benefit to bone health. For
further guidance, a personal physician.
or dietitian may be consulted.

Other Risk Factors for Osteoporosis

In addition to eating food sources of
calcium regularly, improving some other
habits may help to reduce the risk of
osteoporosis. Regularly performing
moderate weight-bearing exercise, such
as walking, can help to increas.e bone
mass during the bone-forming years. In
additiont choosing not to snloke and
limiting alcoholic beverages are
healthful ways to reduce ,your chances
of developing the disease.

Older people benefit froITt regular
exercise thatstrengtl1ens: their muscles
and helps lessen the danger of falls that
D1UY result in broken bones. A. safe
environment, such as remo.va.l of seaHer
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List of Subjects in 21 CFR Part 101

]F(H}d labeling, Reporting and
recordkeeping requirements.

'Therefore, under the Fedend Food,
Drug, and Cosrnetic l\ct .and undf~r

authority delegated to the Cornmissi(HH~f

of the Food and Drugs, it is proposed
that 21 CFR part 101 be aiinended 3S

follows:

§ .~ 0 1~12 HeaUh ciaims: ca~ckun and
osteoporosis..

1. The authority citation for 21 CFR
part 101 is revised to read as follows:

Authority: Sees, 4, 5, 6 of the Fair Packaging
and La beling l\.ct (15 U.S.C. 1453, 1454. 1455):
sees. 201, 301, 402, 403, 409, 501. 502, 505. 701 .
of the Federal Food, Drug, and Cosmetic Act
(21 U.S.C. 321, 331, 34~ 34~ 34& 351. 35~ 355,
;]71).

2. Section 101.'72 is added to F:
to read as follows:

P:ART 101-FOOD LA·BEL~NG

lit:lalJ(lnt;t!lp between calciuln OD.d
i\n calcium

con tribu tes to lo\v bone
rnass and has been a'S one
narnerous risk factors in the

'U' • .l'>,.'v ....I!l-.n•..,t "1''''''.'' Peak bone
Blass !s the total quantity of bone

at maturity experts belie\it~

the greatest bearin.g on whether or
not a person "VviH be a t risk of
de"~;elopingosteoporosis and related
bone fractures later in life. r\nother
fa.ctor tha t influences total bone rnass
and slisceptibili ty to is the
fa te of bone ~oss after
An adequate intake of calcium is

to exert a Dositive effect
,aaoH?:sc:er:lce and e~rly adulthood in
optirnizing the amount of bone that is
laid do~vn. fIowever) the upper lirnit of
peak bone mass is genetically
deterrained. T'he nlechanisnl through
\vhich an adequate calcium intake and

peak bone rnass are thought to
the risk of osteoporosis rela tes to

the fact that all persons lose bone\tvi th
age, hence those \"vHh higher bone mass
at n1aturity take longer to reach the
((;rHical1y reduced D13SS at which bones

j h~;~lhh.v Eitrly Postrn{~n{lpilnSid 'N()ml~n."

lL7-·i;j.l:LJ~JO.

L~2. Viln Ber!~steijll, E.. M. V;::l', i !oL C.
SChdid'SilU, H. De \'Vdi~.J. and S. UU!lf'Sn:;i,

"~ L~bHu,d Di(dary Calcium lnt:~ke dnd
CnrHr:,;d none Loss in Pprimf~fhlp,~n:sal

\:Voiw~n: !\ Lungitudinui Study," Cult;iFi::n'
Ti:;sue f,·;ienwhonul. 4'7;:nB-:n4.! 990.

'ij]:J. \VdftHcH'I, C., "The Effi'cts of Did ~:nd

Ure-s~yh: on Bi);1C MJ.ss in \\/um,~~n." /uun:ol
oj' fhe ill!u}r/can D/elr}t/D AS:30ciatio:'? en:1 '7-_.

The agency has deterrnined under .21
CFR 25.'~~4(aH11J that this action lis of a
type tha t dOf~S not or
curnQJlal !nle~v have effect on

environment. Therefore,
an environ;mcntal assessn1ent

nor an envirorunen~al statezneni
is it',n""·!'j·'f'od

1;:14. Yano,K.. L ! h:dbrun. H. VV~Jsnicb. J.
~ L'nkins. and ;. VOf'gel. "'The R(:latlonship
net\Vef~n Dipt 8nd Bone lv1inf'ral Crmtc:ni 01
~..hd UpJe Skeictal Sites in Elderly Jap~H1f;$!f~'

Amerk~i:! t\1t:;n and Women Living in
~ hnNa ii." ilrnericcul fcurno/ c;[ Clinicol
}\/idrition, 42:377-888. 1B8S.

135. Zarakad3s, ~f., R.
iE. ~1dd;~'-:,s, E,. Block. and~.t ;"'\110n-tViiiC.~""I;V

('''Sucii lUll Ch !tJf!df~ Supp!emi'l\ ta ~ion and
Urinary rCrddqm Excretion in
Pos~menopausal VI/omen." AllieriDon Journuf
Clinical iVulrition 50;1088-1094,1990.

'!36. ~1aggi, S./ J. Kehey, J, Litvak. and $.
"Incidence of Hip Fractures in the
A Cross··oa tiona] Analysis,'"

()sh;'opurosis Internotiunol. 1:1-10, 191H ..
1~17. LEiRO, Federation of American

Societies for Experimental Bialogy: ,Vufrll/o.,
l\Junitoring in the lfnited Stales--An [Ipdote
llep(Jrl on Nutrition lvlonitoring. Prepared for
the USDA and DHHS, DHHS PuLUcaUon No ..

B9--1255. Public Health Service,
'/V(:Lst1Iinf~toJn1 DC, U.S. (~overnment Printing
()fnce, 1989.

VII. Envirnnmentallnlpact

'VUL JEconornic "ln1pact

The food If! beling refonn ani tia Uve,
taken H8 a whole, vvHl h2H,'e associated
costs nn excess of the $100 rniHion
du'eshold tha t defines a rule.
Therefore, in accordance ExecuUv~:.,;

()rder 12291 and the Regulatory
'1~.,r"'IIPJ""C'!f Act (Pub. L. 95-354), FD/\ hd~::i

np·vp·~(H-~P(1 one cor!lprehensive
fe~!U~at()rv hnpact analysis fRli\] that

costs and benefits of all ~Jf

food la beling provisions taken
The RIA is published

((... I~~Pl~,rh(:~r'o in this issue of the federal
Register. The agency requ8s is con-unen t')
on the RIl\,.

lX.Effecti·,ve !late

FDJ\ is proposing to lnake these
~';c..-n~ "_l t1'J'~r~<r' effectivp {) months after the
.c.... I>""'ft.d"n' • ..",~ of a final rule basnd on this
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. (4) Dietary supplements shall meet the
United States Pharm~H~opeiastandards
for disintegration and cHssolution; and

(5).A serving or total daily
recommended supplement intake does
not contain more phosphorus than
calciulll on a weight per weight basis.

(d) fle.alth elain1 requirements. Health
claims relating adequ..1te calcium intake
to the possible reduction in the risk of
osteoporosis may be used on the label
and in the labeling provided that such
sta.tements corn.ply vvHh the following
requiren1ents:

(1) The claim shaH make clear tha t
adequat.e calciu.m intake throughout life
is not the only recognized risk factor in
this. n1ultifactorial bone disease by
listing the specific fac;;tors, including a
persons's sex, race, age, and family
history, that place thelD at risk of
developing osteoporosis and stating that
an adequate level of exercise and a
well-balanced diet are also needed;

(2) The claim shall not convey the
misconception that the risk of
osteoporosis is equally applicable to the
general United States population. The
claim shall clearly identify the
populations at particular risk for the
development of osteoporosis. These

include \vhite (or the term "CaucasianH
)

women and may include Asian wom~en
in their bone forming years
[approximately 11 to 35 years of ageot'
the phrase "during teen or early adult
years" may be used). These may also
include m_enopausal (or the term
Hmiddle-aged") women, persons with a
famHyhistory of the disease, and elderly
(or the term Holder") men and women;

(3) The health claim shall state that
adequate calcium intake throughout life
is linked to reduced risk of osteoporosis
through the mechanism of optimizing
peak bone mass during adole~cenceand
early adulthood. The'phraseubuild and
maintain good bone health" n,.ay be
used to convey the concept of optinlizing
peak bone,mass. When refere'nce is
made to persons with a family history of
the disease~ nlenopausal \.vomen, and
elderly men and ""Tomen, the ~lahn may
also state that adequate calcihmintake
is linked to reduced risk of osteoporosis
through the mechanism of slowing the
rate of bone loss; "

(4) The claim shall not quantitate the
degree of reduced risk of osteoporosis
that may result from maintaining an
adequate'calcium intak.e throughout life;
a.nd

(5)The health clahnshall state that a
total dietary intake grea ter than 200
percent of the recommended daily
intake (1,800 milligraRns (nlg) of calciuHl)
has no further kno\vn benefit to bone
health.

Sample Heaith Clahn

Osteoporosis affects oldel' persons,
especially middle-aged, \vhite women and
those whose families tend to have fragile
bones in later ye~rs. A lifethne of regular
ex.ercise and eating a healthful diet that
includes enough calcium, expeciaHy during
teen arid early adult years, builds and >

maintains good bone health; and may reduce
the 'risk of osteoporosis laier in life. Adequate
calCium intake is important, but intakes .
above about 1~300mg are not likely to provide
any additional benefit.

Dated: November 4. 1991,

David Ao Kess!er~

COflUl1issioner ofFood and Drugs.

l.oui.s 'v. Sullivan,

Secretary ofHealth and Harnon Services.

Note: The Jollo\\dng table win not appea.r ;in
the annual Code of Federal Regulations.

SVlUNGCOOE 416G-01-M
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• 24-hour urine and HOL- 'I C:~.lf"ltro~s 5howe-d a !-,ut:'Ple.r..~n,Jt, ~

Iii I calchm measure Cholesterol slgmflcant I
Urged tO,use profilt'"s showed no ,dr:>clin: (-2.910>

I, I I' l(>W, fat dai ry ~roup di !f,e. rences I I th, at d 1f fer~_,ld f r-Ul.~1i I
I I products 1n exerCl se I the tre:ate<J grO',..~ I

Habi tua! patterns, , thus it I I at 30 and 36I I calch.ln was no cons idered I months I'
II I I' I intake:7 a ConfOUndN', I ~O, changes ~n ~n'(,

"

I I, Control :: 392 ! parameter Of ~,l ~Id !
I I I I iTlQ/day I' I protl te c~ C!HCj'.jll '1

',' I J I treatmNlt :: 962 I II homeo~tG~:ls.O~(jer ostP..o;:::;r<.)s:~I I I fTl(J/day I ~han a S 19,..,1 f U;iint !
,. I I . increased to ! I Increase In III! ., I I 1300 to 1500 I' i II iJr-ina,rY,calCiLXf; !
I , , I I I I Img/day I I e.,",cretl0n . ..:a~~, I
~- ~-- I I. i ! I ~~::~~~~r:e. __ ......1 _"__' _"_'_, ~

--~
d
-g
:n
~

c..
:'N

~
';J')

e
Q
'1
o
'1



lable 1· -cont1 nued

Refereno~

(~uthor, date)

Cauley,· J. A.,
et al., 1988
(Ref, 36)

Study Design

Purpose: To examine
the interact ions
betweer1 norma l
levels and calcil.ln
with cortical bone
Researcher-s c~ined
factors for the
develo~nt of peak
skeletal mass (mi lk
conSlll1't i on dur i ng
en ildhood and
adol.escence) wi ttl
factors that may be
re tatoo to the
ma i ntenance (serlJ'll
hormone levels and
dietary intakes of
calci~) of. bone
integrity after
menopause
Hormones stl):H ed:
Estrone
Testosterone

- Androstenedi one
Calcilft intake in
chi ldhood,
ado l escence, and
adul tho/xj was
8r;;sessed
retrospectively from
responses to
ques t ions concern ~ ng
frequency of mil k
cons~t i on at
various stag€s of
lite

Nt..rnber and
Descr i pt i on of

Subjects

174 postmenopausal
women (heal thy)
All participants
were in a 3-year
randomiled
cl in i ca l t ria l
designed to
evaluate of
walking in
pes tmenopausa l
bone loss

Duri'ltion of
Study

3 ye-ars

Source and
Jdenti ty of

Test Mated at

Habi tuat and
lif,e time
calc\l.rn
intake

Dosage of Test
Mat~rial Used

None

Base Diet

CalcilAft intake
by food
frequency
method:
25th
percent i l e:
407 mg/day
SOth
percent i le:
684 mg/~y

15th
percenti le:
942 rng/day
Mean daily
cakiw intake
768If!9/day

ildd; t i onal
Ireatments

NOM of the
participants was
receiving estrogen
therapy at
basel in.e

Other Far-tors
A!fcct i ng

1nt~rpretat j on of
Dati)

.Bone measures were
assessed wi th a
COIf4'IJted
t00Y.l9ra~~,ic

scanner in t h~
d0l1'iinant radius at
a 5 i te threE
teMhs of the
distance from the
wrist to the .elbow
approxil1\.3telyone
month aftei'~e

annual· cl inic
visit
Current c3lciun
intake was
estimated ·at year
1 and year 3 by a
f 000 f r equen.c.y
quEstionnai re in
wh i ch WOO\€n
recorded th~

f requ~ncy Of
eons~t i on of
vari ous foods
known to be corrmon
sources at calc:il..m
.At yea. 1, catch.m
intake was a lso
assessoo by 3-dClY
food recol"dsthat
were docunented by
nlJtri t i Ofli st and
codoo accordi n9 to

- the USDA handbook.

Resul t5

ILitttr:
retnt i oosh ip fQlJM
between ardrogCf\
horlflon~s ;,,-->1
radial bon£
dens i ty
£s':rone l~v(>1 s
llfere i /"lCk::pendent l y
related to radial
bone den~ i ty
Examination of the
relationship of
calciLm intake to
bone revea l ed B
prot~ct i¥e ~ffe(,t

solely in tlIomen
who reported high
"lifet~me" calcian
int"kes
Cons; L1ering
caldLJIn end
es t rene together
revealed an
additive
re l at i ansI'! ; p
bP.t~ the 2
factors~ ii' that
WOCOOfl with h;gh
estrone and high
catciln ievels h~d

signi f icantly
grel!ter bone
dens i ty tha!'\ lIiom<?fl

wi th less c.alciLm
and or- estrone
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rr==:::-erence Study Des ign Nl.:'ber ar.d I Durat i on of 'I Source and I D;)s:-:~--:~-:--r~~"e 0 1et -1'

I

II (cl'JthOf, dote) Description of Study Identity of !J,2tulal U,i"'d
Subjects Test Material

I r-.
Dal4'>on, Hughes, Intervention 301 healthy 24 months Ptacebo 500 mq/dav I Assessed by IIOone

i et al., '990 placebo: postmenopausal micro 500 mq aue~;tionnaire
(Rt"f.4t.) I Controlled women cr-ystalline elemental initially and

Double blil-.d Early cellulose calcium every 6 months
Randomized postmenopausal calciLlTl 500 rn9 By design half
Measured: n :: 67 carbonate ele-:'tol':ntal selecte-d had
Bone mineral density average:: 54.5 CalciLl11 calcium habitual
of spine and fe';ooral years citratemalate all tablets calciLlll intakes
ned by DPA year pn :: 3.2 (COO cf:
BiOChem. ical markers Sub-Groups De~nding on I (.') '< 400
of calciLl11 High CatciLJl1, habitual mq/day
homeostasis n :: 124 calciLJl1 I (2) I~OO to 650

Low CalciLlTl, n :: intake, women rr,g/day
112 were
Late randomi zed to
postmenopausa l 3 treatments
n :: 169 Thus, 6
averaae :: 59.9 treatment
years- groups total

Oth"r r,,:-t'-,rs I ResLlt·.:; -r~':lY"
:m of i !
~1 \JJ(11€'1 in e3rly I

~~~~~~~,tarion I ~~~p~~~ ~~~~~ tna: e¥1'~:~~~~
.. :;s afrecte<:1 by Iand this rapid early

:~:~a~~,~ce ~~ea~~E~~~ ~~s :~~;:,.~~r:~J.~oi-'::
Therefore dJta calciLJTl calciLJ11
analyze<J supplemef1tation sUDPl~ntat1:;"
se;)aratel,y for: (Sea mg calciLJTl) lJc..-.en in lat:-

~enopaJse in from any source menopaus", ... ..,:·~e

50;' fe\<ler ~omen in late habitual c~l:;J~

years (acceler-a::ed r:-.enopause, the intake is lr-ss
rate of a be.,...,,,: rate of bone loss th,an 400

loss) 'oI2S tess rapid in I reduce
(2) Menopause ttlose \.lith high~r loss by
more than 5 years habitual calcilJn ir.creasin:; t~,e~~

ago i ntak.es snd there ca l c i Lrn i !',: 2 J.e
Tirne of day of w~re rIo EJO mg/da',
supple'nenting differei)CeS in
(before bedtirr;e) bone density a~g

fT1..3y have produce I t r~a trr.ent 9 rcups
different effects at any site
bet ..een calcilJ't1 All late
carbonate aM Cc:~, postmef-.opausa l
since calciun women had
carbonate is significant bo0-e
aGscr:..x-d better loss frOO1 the
I.hen ccnsU'r-e-d lOith spin-e, except
a 1Tl€3l those with a lo\o/~r

I

I
I ~abi~U.at calci:J:1

I ~~~:~~~h~CM

I
I ~~:t~~~S~a~~~lO~
I ;;~~l;f~~nttyI I ! d,:creased _the ~ate

L I
I I~:~:~~2~::'
I

ned., ard radius
I CalciL.lTl carbon2tS'

I t I decrecsed boy,e

I
less only at

. ! f~,~:l neck ,,:;.j
·--------.l--------~-------..J.._ .L_ .L_ _J..l_______ I . --J._r~a~J_,~_:.~~. --'- _
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Oyster shell 1 900
9 of I Hospital diet No record control IDifferences I Radial bone Study flawed by

electrolysate calciUll as nSE conSLrned by all of physical phYSical., '. ,. Ir:1it1era.l denSity, la.rge ~r~enta.ge
(OSE) subjects activity may, have ~ncrei!Jsed of attrltloo ,

Contained about confounded tIle significantly in attributed to I
600 mg/day resul ts subjects constATdng the; rage (>7u) '!
calciYl1 It remains unclear the OSE c~lcilJ1l 'i

and decreased I
s. ignificantly in
the untreated
controls
folo change j n I
sp j na l bor,~ IIIdens i tv in either •
calcfun treated or
untreated controls ',II
Concluded that in
late menopause had
pas i t i ve response
of cort teal but
not cancellous
bone to calcilll1

1 suppl ~tentat; on

24 months12 test subjects
Asian female:> 70
year age, normal
except for
osteopeni a
exp€cted for age
20 controls age
matched
All subjects In
geriatric hospital
All subjects in
late menopause

Cl inicat trial:
Non placebo
C,ontral ted
Not bl inded
Not randomi zed
Japanese study
Measured:
Radial bone mineral
density by single
photon
absorpt i ornet ry and
spi nal trabecular
bone dens i ty by
quant i tat i ve
cClfIl>Uted tomography

Fujita, T.,
et al., 1990
(Ref. 55)

r:= --1>

It
Reference I Study Design NLmber and Duration of I Source and Dosage of Test Base Diet Additional I Oth.er Factors Results Conments !.'.

(author, date) Description of Stooy Identity of Material Used treatments Affe-cting !II
Subjects Test Material interpretdtion of I

I! 02to I

111

1

Desai, S., ICross-sectional 60 normal None Habi~ual None None Subjects had no Hone bone ~ensi~y at Dietary data fro"" \
II et al., 1987 Measured: premenopausal 30 CalCHAll lather factors 2ny s1te dId not a 3-day record IS I

(Ref. 48) .one m; nera I dens ity to 40 years of age intake knewn to a 1to' coere l ate with not sulf k i en t :
by DPA of the lllTbar Average age:: 35 assessed from calciull or bone I calcluol Intake, estImate of. Ii
vertebrae 3-day diet rnetaooiism cr ctllorie habitual calcll.f"1 I:
~~~~:t~d~f f~~Ciua ~~:~~;~ • 868 ~~t~:surement of II
3~day diet histories mg/day I ph~sical activity II
Vla coo~ter I<anqe: wtllch may have I
software package 278 to 2064 been an 1"l'Ortant

mg confounder ; n
calciua/day this age grouP I
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for
Tf~us,

high cal-:- illT1, 2nd
ac t i'r'e l e',,'e l 0 f
exerc1 se .as
ass,xi2ted
hi;hest ra
Ix",€, dens i : r

I

I
I I
I lI
I

Phys i cal 3ct ; vi ry
assessment. l:Sed a
q~'es t i onna ire to
establ ish:
Current activity
Past activity
Lifetime activity
wi th each
classified as:
sedentary,
moderate or act i ve

B",e Diet I ~~;:;;~;~ c':~:.;;~;'~'oT-~~~'~--T-;"~:::------
IlltPr;:Jrr~'\~Jt 1en O' I I ::

I I I ----------'

All, fPt'nO.~,JU',3l I An i r.te,.-rr~. i Jte c(
woo-.en, or ~O<i\,,'n l ifH i me
wi th atYlorr,.:'! l 1ma.'e .... ClS
mens~r'J'll eye:,(' assccinted \oiier.
~xc t u:lc·{j s i gni f i C3r,t l,'

higher bone
mirrf'ral dens; ty
and content ::It

tzlth distal ard
mid:-ad i us 10"1 en
da:a ..as a1jiJs:':'d
for physi(:a~

act ivi ty
Simi lar fi,·,jings
w·:,;~ (')(:)ser't~j wht~ a-d,=" ~ ~sce"":~

eqf..2"~e ~~:;'

Dosage of Test
Material UsC'·d

Source and
Identity of

Test Material

Habi tua l di et
Calc i un
intakes for
current,
past, and
l i ~etime
class; f ied
as; Low,
(L500 mg/day)
lntermt..--di ate
(>500 mg and

~~~~ mg/day)

(>800 mg/day)

Durat i en of
Study

None

~unber ard
c-.·~;~t;~~ of

181 pr(~nopausal

women agN 20 to
50 1T1eim agt:'. 3 to
5 years
All Cnucas ian

Cross· sect i one l
Jd.easured: bone
mi neral content and
bone mi neral. dens i ty
of the nondomi nant
arm at the di stal
and mid (2/3) radius
by single-photon
absorpt i ometry

Hal ioua,
et al., 1989
(Ref. 60)

Ii Referen~1 Study Design
(author, dnte)

Diet assessment
includc-d
current, ptist
and t i fet ime
catcillT1 intake
Used a
quant i tat ive
food frequency
ques t i onna i re
based otl a 1
week intake
Val i dated on a
subset of 20
..omen on a
3-day di etary
intake record
(r :: 0.52
Between the 3
methods)
Simi lar
quant i tat i ve
food frequency
ques t i onna i re
used to
determi ne pClS t
and both
current and
~st intakes
were usC'd to
est imate
lifetime
c:alciLl'1 intake
APP'?ars to b" a

I
I carefull y

I
conducte-d
procedure

L conducted by a
1 trairredI prcf eS5 i ana l
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Refer~n(:e

(author. date)

Holbrook T.,
et at., 1988
(Ref. 12)

Study Des i go

Prospect i ve
cohort

N~r- and
OescriptiM of

Subjects

957 \.In i te upper
middle class
subj eets, Clged 50
to 79 years (416
men, 531 ",omen)
sub·5a~le of
cohort of 6,155
i nc l lid i n9 all
hyperl ipidem (a
15% random sa~le)

Duration Of
Stooy

14 years

SOurce and
Ideoti ty of

Test Hateri al

Dietary
calciYll usual
intake
estimated
from 24-hour
diet recall
taken in 1973
to 1975 and
quant i fied in
1985

Oosage Of Tes t
Haterial Usc-d

Range of
estimated
calciun intake:
not given

Base Diet

Use 24-hour
recall, weak.
method for
est imate of
calcilfll intake

Additional
Treatments

Alcohol, age,
obesity, sex,
smak i n9, exerc i se,
estrogen
replacement

Othel- Factors

,prelallon of
kn3

Horle

Resul ts

Hip fractures were
uSUdll y
proport i ona l to
calci:.n intake in
both sexes
therefore pes it i ve
effect associated
with calciun
33 hip fractures
(male 1S arv:i
female 18)
mean caLcium
intake:
mgjday
Hen wi th fracture
;: 305.9
Men wi thout
fracture = 384 9
femalea with
fracture:: 319.8
females wi thout
fracture: 401.3

CO-ll'.ll€n\:",

lJeal::.est point af
study loOas method
of estirn2tirg
ca lc i un i nt ,,(~

fr:-l1 24-h·JT ii
recClll, 11

~rticular"Y 1\

s 1nee the date II
were col~ected 10 II
~~:~~s~:l or to II
Study Iotas Ii
weakened by sma II II
sa~le si ze II'Unresol ved issue
as to whether I
calciLl11 effect is

preventi.ve after I'I50 years of <:g<.: i

or 1s the I
therapeut i c end
resut t of II
habitual hig~1er Ii
calciU1l intake, Ii
thus affect i ng II
peak bone rrw,s IJ
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conclusiO:i
Bor~e m~n'?~c'

i d~:ls I ty of t'e
5;,:,i ne C?il b~

influenced
beth m€chcr
stress of
physical activit"!
ar","! opt ir:-,cL
cclcilLil nu::--~~iC'~

du
of
maturat i cr-,
(ccnsol idat' 'J".;
Dati) irrpl i e'; .en
cpti~l C,:;lC;iS1

intaKe
800 to ;"-':; ,:f
catci,J'l

Highly signiticat1t
corrEl a t i on
Detwe--.:n bor.€
mi nero l dens i ty of
the ll..lTbar spine
arrd overcll tevel
of physical
acti .. i ty
Radi III bone
dens i ty sho .... ed rID
correl<iticr. to
~hY5ical <lctivity
and on l y a modes t
relations to
calciun intake
~ich was
statistic2ll y
signi ficant
Statistical

Nor,E'

Sttxfy DC's i gn

Tabte '···continued

I 1

Non randomi ze-d
Cross-sect i ona l
Measured:
Bone mineral mass by
SPA 1/3 radi us site
Bone mi nera l dens i ty
of the lUiTt>ar spine
by OPA
Physical activity
measurement vi a
Minnesota Leisure
Time Activity
Cues t i anna i re
Cai ly walking by a
7-day pedometer
recording
Nutritional
assessment by
24-hour di etary
reca II wi th food
models and a
prospect i ve 6-day
record to yi eld a
wei ghte-d , -day
intake
AI I women were
within 20% of ideal
bod,' weight

Reference
(authol·, dat<»

Kanders, B.,
et al., 19M
(Ref. 78)

I
I NUii~r.and Ourati~n Of--'~-u-rc-.e-a-~ i Dosage. of Test Base Diet ~dditionst.\I Cthe~ Facto"r.:; \ R('s·~\'.<;

DescrIptIon of StUdY IdentIty of Material Used I treatments Att€etlnq!

/I ! Subjects Test Material I !c"eCP'~~,,,aat,c~ t---- ~~~~~._,

1

60 women "one lifestyle ~one Mean calcium: I Exercise

. ~~;~~~r~~~~~l age ~~~~a;~~~rd ~~~g~/ddY ~~~~~~~:A::~:~~
2S to 34 years old to habi tual 286 to 2,128 I ~cal/da'1' :: 960

calcil..lll Only one IRange:
intake subject avoided 286 to 2,123

da i ry products Exami ned
17 were taking statisticalLy as:

~~~~nt. I :~;~ ~~:i~~::~
users for 3
years

0'
Q
'J
t-a
~



Range: 0.3 to INot spec i f i ed
L 7 g/day (from
figure 1)

Table 1--continued

Reference
(author, date)

Kelly, P. J.,
et at.. 1990
(Ref. 82)

lacey, H.,
et al., 1991
(Ref. 86)

Study Design

Cross-sectional
Measured:
Bone mineral density
of radius by single
p."loton
absorpt i ometry and
lLlrbar spine and hip
by DPA to assess
relation between
bone mineral density
and:
Dietary calcill11
intake
Anthropometric
features
Age
SerLlTl sex hormone
level

Cross-sect i onal
Measured:
Hid-radial bone
mineral content and
bone dens i ty by
single photon
densitometry

Nt.ri>e.... and
Oeser i pt i on of

Subjects

48 normal men (age
21 to 79, medi an
44)

178 Japanese women
living in Japan
89 premenopausa l
women (35 to 40
years)
89 pes tmenopausa l
women (55 to 60
years)

Duration of
Study

None

None

Source and
Ident i ty of

Test Material

Dietary
calcil.lll
assessed from
ques t i onna i re
val idated
against 4-day
dietary
record

Habi tual
di etary
intake

Dosage of Tes t 1
Haterial Used I

None

Base Diet

Habitual diet
assessment
carried out on
3-day food
diary
interpreted by
Ameri can
interviewer
using Japanese
cCllTl>Uteri zed
nutrient data
base
A quant i tated
food frequency
ques t i onna ire
was used to
assess ca l c i lXIl

intake between
14 to 22 years
of age

None

Wone

Addi t i onal
lreatments

Other Factors
!:dtecting

Interpretation of
Data

~one

Physical activity
Medical history
and anthropometric
measurements were
taken to determi ne
i nf l uence on bone
status

Resul ts

I . .

I
Dlctat"y calclI.xn
; ntake ~2iS

I sign; ficailt
pred;c'lor of bone
m; nera l dens i ty of
ax; a l bones,
explaining 24X and
42% of the
var i ance at the
lumbar spine ar-.d
femoral nec!(,
respectivel'f
Til i s effect was
independent of
",eight
In contrast wi til
the axial
skeleton, bone
mineral dens; t·" at
each forearm she
was predicted by
weight I!lnd an
indel( of free
testosterone but
not dietary
calcitsn intake

Current catcl\.m
i ntakte was not
associ ated wi th
bo;,e ; nd ices on
either pre- or
po'S tmenopausa l
women
Vegetable inta~e

and current m; llc
intake ttere
positively
correlated wi tlot
mid-radial indices
An ;~rtant

finding s;nc~ both
are calcit.rn rich
foods

!
I (orrments

I
I
I Strengths:
! ~.ppropri ate

Im~m~:9';;'i'

I

Spec it; cd; e t: v ~
study
participantz.; not
described
Level of physical
exert i on not
di scussed. ~y
present a::;
confounder"

Assessment of
past calcit.rn
intake in these
very elderly
ladies was
confounded by
probate food
restrict ions
irroosed during
I",ir r when many of
these women would
have faced food
restri ct i on
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bet:we-en H,e '(we,

'(tJ @--~t, iTid't ~

-'13>, r~Jt C00~ve:('r;';

:: ~ ~.; - ,,17

C(\TTTfi€~~. ~ -j

5'1 ~KC"'fa(.:-

:;'''' t i ,loa (.:' O~

calcil.i7! in::,.,,;;
$ti.~i (1.:3'1 i:;,.·
H aio1~i by 0.I:r
infi'rp,'et:n;c,r;
{f,';' fir•.1i,-,.j':
i. CJ(",•. t' (' ,-, ~ ,-,;

cat.; iUli jr<:.' ,
Iflt?' MJe~~LC~j W')t-;

!-da.,- d; t:'C3'-r

2f o? rtQ~

P.~~wl ~~

\H', i l2 (;er~ t o-ard
0(1 1(x-,- ~a:;.e in
tZ.1loE' ~1\"{r,':.ity in
\-ri.J$f"' Q: ftS'
c.......sw;; (1'1 tr.:::

I"lc j\.lil

iT"J(r),?J

~kf\5i f.y .. i teE. Tor
t!'1(J Ocli..-.:jrlter'ii. bJ'C
/:·ot l'(!f '0'\-,,"

T0ta\ calcl i..ll

C....)t'e 11.,3"'»)

nut,-i tic,n
'.(ei't;' 'tr,E; "ia,T.c

23 rr,othEr~ fJ'--.:j <:i'"

j..ijdj t i Q,,,1l

T re·:l~·fi1;.s:n':·~

Ho.~

Bas", Diet

Oeteuui ne-d f fOOl

3-day ,'o<xJ
,ffQrcr
ini tiCil ly a()j
ao: 12. Hi
af)j W€~k,s

imo

Dosage cf I E'c,t
i'\ateriat US,;'C

cat;.;: .iTI

n '" 9 -.:850 m<]

3~day ai etary I Uone
intakes
3:;;S€&~e-d

dietary
contI' ibut ion
ootably
caldw
"'ean (;alc.iull
inlake5;~

iOOthef' g 1102
mg/da,.
cimJghters
81B mg/day
13 m-:>ther \':i:f.1
'800 filg/day
7 daughtefli
~,ad <SUOI''!l/do,

I

Habitual
diet3!'t
cBlc.:ilfll or·~

I
~'Ut.JPlemf'li(al

.
"~lc ililt ~;C"'ll
el ther ffii Ii!;I~:r~:~'

DUi'at i on of
Sturfi

2 year

None

30 ado l escent
females heal thy 14
years old at onset
el.lInenorrhe i c
18 ·of these
part i c i patedi n
the b.alance sti.Joi'l

Desi gf1

CrOSS~~H~ct ional
!'!easure<i~

Sor,e mi nel'al content
of the ll,Jilibar sp i ne
and f'ight proximal
femur (fernoral neck
300 trochanter) by
dual-photon
ab"orpl i o.lletry

CalciUTl lnter.....efltiofl
longi tlkJinal triF.il

'Measured:
CalcllSTl balance
Radiogram~t;'y of
the haod
Single pflOton
absc,rpt i OOl€trf of
distal radilJ's

of the liJiTbar

(author. dat<:J'

lutz, J ••
et al., 1990
(Ref. 94j

Matil::ovic.
e! al., 1990
(Ref. 97)
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'10 fpeC if j c
treatments

Normal diet

Twble 1- - cont i nucd

Dosa:Je of Test
Material Used

Dietary calcilln
intake 909 +
351 mgjddy

Source and
Identity of

Test Material

Normal diet,
content
assess~j f roo
severa l;
24-holJf
reportiri!!
per'iods over
the two years
using
nf'ccoo·?d
Nutrient
Adequacy
Report,ng
System

Durat i on of
Study

2 years

Nl..Ilt>er aM

DCS~~~j'~~~ d

200 to 300 Wh i te
premeno~.ausat
women aged 20 to
3Q
A.ll wer~

ant;ulatory and
fr-E::c of curr~nt or'
prey; ous chronic
disease or
med i C~ t i ons ~nO\in

to affect bone

long i tlJdi na l
observat i on over a
2-year ,peri od
Dua l- photon
absorpt i ometry of
lUlnhar spine and
Single-photol"l
abso,pt iooletry of
the st,-~nda!'d one
th ird radhJ5 and
eli stal radi uss ites
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II (author, date) I i of Stwy ldent 1 ty of ~aterlal Used T,eatmen-:s AtrE'C.'C 1'-';;. !

~_ , I i Tast Material . Interp~~2','::0n of L
II.

M.::Cul loch R.. I(~ c.r~ss-:;€Ct 1Clll1l 1-::- Ch i ldhood H·JOe 0 i etary Exclus i on cr.i '(ef'i a Horti> I The
et al., 1990 Random selection milK information indlS:Jt:-d;

II "'~ef. 99) i~eaSI.lred~ j years old I COfISlM;:>tion determined from lfl€>fI'itN.l<Jl
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COfTf.>Uted to;;rography I lntak.e chIldhood . calCl'>
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i I Vanovs I was,'j !,' I lifestyle I readninistered
I I \lariabtes, 10 week.s late~
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,I I ! I Range of discrepancies
~' iii Current I resol \led

III I I I Calci~ Current .le\lels

I I I Intake; I of ptIyslcalil I' 150 to 1560 activity and
I I I lf~/day calciU1l intak~
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r,.· Reference
i -- -(author, date)
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,I

I

II
I

I
I
I

Study Des i gn JIlI1't>er and
. Description of

Subjects

Duration of
Study

Source and
Id~nt ity of

Test Mater; at

Table '--continued

Dosage or Test I Base Diet
Material Used I
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T;lble "'continued
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Data

Ad·:Ji1-'
I

8ase DietDosage of Test
Mater-ial Used

Source and

Test

Durat i on of
Study

NlJlber and
Description of

Subj ects

Study DesignReference
(author, date)

Ii I -----1--'
Picard, D., Cross-sectional 183 women, aged itO None Range of Historic and ,Diet history I' Estimates of H(:,~'nogene'Jus
et al., 198.8 Observational to 50 average age hi:;torical habi~ual, taken to caffeine, ,alcohol I i--'0pul~tion of
(Ref. 111) I Measured: " 43.8 years all intake: calcH...n lnta~e: deterrnlne lntake, clgarette: Frencn Ca r>adlc'"

Bone mineral content nonnal healthy High> 1000 Averaae calciun I intake at age sIT.)king, OJ,'rC1Se, I women, geograpl:ic n('ted betloie,,"'l the
of the spine by DPA with regular mg/day intake at age 20 estrogen use, anJ I and racial txYIe ma"s
and ~f the forearm menses n = 38 20 = 576 rl19/ day 3-day food I parity ..,ere als,) ci~f~e~ences were measurement at t!,e
by sln~le photon MediLlll recall to n...."1de m1n,m'zed Sp1r.:: 3i1d fo:earrn
absorptiometry 500 to 1000 verify calcilJ11 I ar1d neight,

mg/day i nliJKe \ ar-,ej C, a l, C i tJTI

n = 75 8': age 20
Lo~ < sea I S;cjr.:ficant

mg/d~y I diff=",e~ces Io/p:e

n " ,0 I ~~::~~~::!;~
I ~~~~;3~t~~t'Jn~

I
I r1.i nerc..t., - cr,~n~e,nt "t
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Table l--continued

Reference
(author, date)

Polley, K. J.,
et al., 1987
(Ref 113)

Study Design

Prospective
i ntervent i on wi th
consecut i ve and
concurrent controls
Random ass i grvnent to
treatment
Measured forearm
mineral content by
single photon
absorpt i ometry

NLlTber and
Description of

Subjects

Pos tmenopausa l
women <65 years
old
3 treatment groups
210 c~leted

52 strict
controls, 122 not
able to take
supplements,
136 treated

Duration of
Study

Initial 9
month
control
period
C}-months of
the
treatment
(total
duration 18
months)

Source and
Identi ty of

Test Hateri al

Group 1:
Reduced
sodilA
Group 2:
Increased
dairy foods
1250 mg/day
Group 3:
diet + 1000
mg calch,," as
sandolcal
total diet
content: 1700
mg
Untreated
controls
None

Dosage of Test
Materi al Used

Group 1:
None
Group 2:
450 mg calcilA,
dairy
Group 3:
1000 mg
effervescent
tablets of
calcilA
gluconate,
lactate and
carbonate
Untreated
controls
None

Base Diet

Group 1:
709 mg calciun
Group 2:
711 mg calch..n
Group 3:
714 mg calcilMn
Average for
treated
711 mg calch.m
Untreated
controls 717 mg
calcilMn

Addi tional
Treatments

Group 2:
Subdivided into
dai ry products +
salt restriction
Oa i ry products
only

Other Factors
Affecting

tnterpretat i on of
Data

Diet SodiLlll
Contef1t
Group 1:
1827 mg/day
Group 2:
Restricted 1803
mg/day 2103
Group 3:
(+ calctlJn)
2422 mg/day

Resul ts

Bone m; nera l
content
No sign if i cant
differences in
forearm mi nera l
content for any
treatment Qr
subgroup,
initially
Rate of Bone loss
The di fference
between
pretreatment and
after 9-months ot
calciUTI was
s ;gni f; cant l y
reduced
CalciUTI treated
women had a
greater redllCt i on
in the rate of
bone loss, but it
was not
statistically
di fferent from the
untreated strict
controls
C~rison of
women within 10
year of rr~nopause

showed a
s; gn i f i cant l y
di fferent
(re<luced) rate of
bone lass in both
the calciLl'll
supplement and
dairy product only
groupo relative to
untreated cO;ltrol.

Coornents

Poor or
ques t i o..'\ab l e
c~liance,

espec i all yin
control group
Confus i ri9 ~s i gn
w; th too many
var; ables
Unexplained
s; gn; f i cant
reduction in rate
of bone loss in
strict controls
betweef1 per;o':i 1
and 2
Questionable
inclusion of
noncOOl>l i ant
subjects in
control groups
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StU<Jy Design I I---~::r and

Oeser i pt i on of
Subjects

T3ble 1-·continued
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CalciLln
suopl e;n;:ntat ; on
counter3cted a
large port i on of
the add i t i orK3 l
bor".-e loss
attriootable to

I
menooause ; n th is
POp..1latiG~.

Oor~ m; nera l
C01'tent and bone
ccntent/width loss
rates were
consistently lower
in treatment than
in control
SL.objects
Loss ~as

significant~y

reduced in the
l eft and riaht
hlJl'ler\;s a,""ld -ri grt
radius
! n premenopause l
women, OI"ly left
nLli'erus bc-1le
rri nera l co,,! en!
loss was
significantly
reduced by calciLrn
slqpl ementat i Of"l

! n pos trnenr,.,pausa l
women, ty....,.,e
rr,ireral COf'tent
ar-d bvne mineral.
ccntem/width bo~

loss W2S reduced
in all 12 of t~e

I
bone var-iables
measured, 5 at
;;-;.0.01, and 2 at

I F'< O.OS

Other Factors
Affesting

Interpretat i en of
Data

SlA>jects e>;cllJd.e.d
frOO'l stLKiy if they
had a history or
current di agnos i s
of c-steoporosis,
rr.al ignancy, aM
any other
ccndi t j on krto\oTl to
have major effects
on cateilrn
metabel ; sm

Addi t i anal
Treatrr,.~nt$

None

Ba:;e 0 i et

Usual di et for
each
part i c i pant

Dosage of Test
Material U:,ed

1500 mg
calcilJ11/day was
des i red goa l
less was
actuall y
aeh ieve-d

Source and
Ident ity of

Test Material

OS-Cal sao
(Marion labs)
Each tablet
contained 500
mg elementrl
calcitl!1 in
form of
calciLlTl
carbonate

Durat i on of
Study

4 years169 women aged 35
to 65 years
Subjects recrui ted
from general
population of
Madi son, \JI

Double bl1nd stud)1
of ef fects of
calciLJTI carbonate
supp l ement on bone
loss
Random ass i grvnent to
treatment or control
groups
Bone mineral content
and wi dth measured
bi laterally on the
radius, ulna and
hunerus
Single-photon
absorpt i ornet ry used

Smi ttl, E. l. t

et al., 1989
(Ref. 123)
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See study des i gnDietary intake
of calcilJll
assessed by
ques t i onna i re
and interview
Dietary i ntak.e
of calcill1l
before
treatment 530
mg (lower
quaritle> and
1564 mg (upper
quari t le)

SYnthet i c hlJ'llan
calci ton-20 IU
3 times/week by
s.c. injection
Estradiol 5
grams dai l y
Progesterone
300 mg/day

Calci tonin:
Ciba-Geigy
Estradiol:
Basins
Iscovesco

12 months59 heal thy
pes trnenopausa l
women most of whom
were within 5
years of menopause
Volunteers Hedi an
age 55 years (37
to 64)

Cross-sect i ona l
16 women placebo
group appl i ed
inactive gel 5 grams
da i l y throughout the
study to the skin of
the abdomen and
upper th i ghs and
took 3 i nact i ve
tablets dai ly for
the first 12 days of
each calendar month
38 wcvnen in
treatment group took
either synthet i c
h\AT\an calci tonin or
percutaneous
estradi ol together
wi th oral
progesterOM for 12
days each month 6 or
both

Stevenson J. C••
et al.. 1988
(Ref. 124)

~
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Reference Study Des i gn NLNTber and Addi t i anal Other Facto. rs II Resul ts corrments!i
(author. date) Desed pt; on of Treatments • Ifee t i n9 II

Subj ects lnterpretat i ;In of il

I D.a
ta

1- .. . . . 'i
None of the women ~o correlatIon was Results ot thls I:
tak i ng any other ! fGunG betlo'ee'"1 nuoy sugge c t !

drug ~nO\oin to I current intake of that the bo:-..e Ii
affect calcilJ:T1 calciLITI a~ either ~ensity of women !I
metabolism totalcalc1tJTlln Intheear.l Y I!

the body or the menopause is not !
dens i tv of i nf l uei1ced by I
trabec~lar of current dIetary
cortical bone in intake of calcilln III,
the for-earn or ~€3k di etary
vertebral data, determining II
trabecular bone calcilEn intake !
Dietary intake of II
calciun did not
i nf l uence the ra~e I
of pos tmenopausa l i

~n:~~\~~ the II
c~leted 12

1

Ii
r..onths of active I
or placebo .
treatrrtent I
Even when ext I"t:IDeS :1

1of calcium intake I
. were exam; ned, no I

I

di ff~rence 1of8S Iii
found in bone ,
measurements .1
b€tloOC"en the women ,
with the highest I 11I c:m lo\o/~st intake .J
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Table 1~~continued
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Reference Study Design NL.nber and Duration of Source and Dosage of Test Base Diet Additional I Other Fact.ors T R('~~ults I COi:rlle:.... t:, !!
(author, date> Des~ril?tion of Study Identity?f Matel'ial Used Treatments i Affecting, 1 Ii

Subjects Test Materlal I ! nterpretat I 0:1 O~ I I Ii

I Data . ~I

Stevenson J. C., Cross-s~ctional 284 \Jhite healthy Cross- Dietary !)ietary calch.11 An estimate of Hone Hone of study Pea~ ac..~Jlt lx~'te 4

1
,,- ~ ..!lues l)btain~ I:

et al., 1989 stud'( ot bone women-volunteers sectional calcillTl 4!stimated fnean dietary calcilll1 r-.:"rticlpants ;03$ deilS~\;,/ had been tor L"'Oi~,e.:'c:nslty Ii
(Ref. 125) densIty measurements ages 21 to 68 study inta~e calciLr.l intake intake was taking any dru,;s llttClme-d soon I were SlmlLGt' to :1

of v:rtebral and . lncluded 112 assessed 'for derived f·J:-TTI known to inf~uence a~tel' tne end d I t,hcse ot)~a1,:e-:i.. II
proxImal fefTlJr ,",'Slng premenopausal premenopausal the cllrr:nt be,n~ or. C<llClwm l H~ar s~elet<ll from. e-q(~l v<l\e r _ I
DPA women Iolomen was 598 COOSLJll>tl00 of netabol; sm . grcwtn stud1 ES per',:"~rrl€d '\
Possi~le predictors !~/day, while diary products I Th~reafter, th,ere I in i-lOl'J1ol':n il'" the I
and rlsk factors for I for was some d0cl ;ne Uni ted States I!
bone dens~ty were postmenopausal with 8S~ iii th~ lIn agreeii\.2::: with Ii
ass~~s:d 1n study Iolomen it ~'as ! pioxir.-.aL, fe;T"w', ot~ers, nc'. '
partlclpants 1 619 g/day I ! ~t. "{he r.\.;l ar.. fa~l I E::'/ld~.n;0, ()b~;:l1n~-d 'II

In b':'>l1e d€:rs'ty In of s~ele:a'. i
alt sites i.J&S cO"I>otiC:i',t:s~ i'l II

§fu1:~i~;t"S I ~;~~;~;;;;~~"t Ii

for oste-epcrasis I I
(low bod'f oj?; g~t, I Ii
a l cchat a~l(j I;
~~~:~~~on,: I:
null ipa~i ty, l;c'( I Ii
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Other Fa~tors 1 Resul t5 I COOlnents 11
Affectlng 11

Interpretat i on of I I i!
Data il

Addi t i onal
Treatments

factors kno~ to
affect bone
dens i ty exc l uded
subjects frOOl
study, e.g., long
term
ilmlObi l i lation.
hyperparathyroidi s
III etc.

Base Oi et

Current calciUi'l
intake:
Average
oonivores:902 + 21 mg
calcilKll/day
lacto·ovo
vegetarian:
623 + 48 mg
calcil.m/day

Dosage of Test
Material Used

Quant i tive foOO
frequency
ques t i onna i re
used to
est imate usual
and past
calcil.m intakes
Ac:i'ninistered by
a trained
i ntervi ewer
Val idated
against 3-day
food record

Source and
Ident i ty of

Test Materi al

Habi tual
intake from
ocmivorous
and lacto-ovo
vegetarians
( 16-year
mininun
duration of
lacto-ovo
vegetarian
diet)

Duration of
Study

Hone

NlATlber and
Oeser i pt i on of

Subjects

287 oonivorous
pos tmenopausa l
women
88 lacto-ovo
vegetarian
pas tmenopausa l
women
All Caucas i ans

Study Design

Cross-sect i anal
' Used multiple

regression model to
assess effects of
current calciun, P,
and protein intake
on bone indices
Measured:
Bone mineral content
and bone dens i ty at
the mid and di stal
radius using single
photon dens i tamet ry

Reference
(author, date)

Tylavs~y F.,
et al., 1988
(Ref. 128)

Ii
Srr.oking, elcohot Bone indic~s were Question the 11'

use, parity and in general accuracy of th~ I
lactational positively q.;antitative food I;
eX~"erience was influenced by body frequency j!
also determined mass index, and questionnaire, I!
and differed dietary protein however, authors I
between the intake and did validate it
O«fiivorous and negatively against a 3-d<Jy
lscto-ovo- influenced by age food record fo, I.
vegetarians _0 end dietary 120 adult ~~n II
~~;i~groups Dlso ~~~~~r~lcflm II
significantly by intake had no Ii
their a9~, weight, po$itive effects I d
body mass in diet, on bone iMices p
lean tndy mass and II
parity I iii
Groups did not ;
differ in nuroer 11
of subjects using j" H,
estrogen, alllllli1ll1l il

:~~~~1~nor I I :1
OfmivorolJs t-Jomen I II
had a. gr:~ter use H,
of thlaZH1e jl

diuretics that 1

conserve ca lei lII'l I !1
wh ich ""y have I Ii
masked true i
di fferences in ;1

I' I I ',__ I _I I I I bo~ dens it i es I II
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I
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histories

;
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I Dietar",! Cti lei lIll

intake
detenr-1ned by
cross-check .
di~tary history
rr~thod

HabitLJ~t

c:)lcilAl<
ir.take
3 Grovps~

« 000 mg/day
(n ;£ 28)
i300 to 135
mg/day
(n -3 tj".:i) USO
mg/day
(n c 31).

longitudinal study
~eas.urtd:

BOf"Ie rninerl1ll content
of distsl third
n6ndoolinant radius
£erlltl electrot ytes
snd calci tropi c
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rab~E' l··continu('d

l(e<fE>rence
(cuthor. date)

Van Berestl?\ jn. E..
et al. f 1990
(Ref. 13'1)

II __I

Stu:.1y Design.

COOl't i cated:
longitudinal
Nonrandomi zed
Cross-sectional
Observational
Measured:
Bone loss at the
radius determined by
single photon
absorpt i Clmet r."
One- t ime fIleasurement
of bone mir~ral

content of spine aM
femorat ned~ by DPA
Rate of bone loss at
radius extrapoLated
to spi ne aM femoral
neck

Nl..I1t>er alld
Oescript ioo of

Subject-;;

60 normal heat thy
pos tmenopausa l
women :3 to 10
years post
menopause average
:; 7.7 years
average age z 61

DIJrat i 011 of
St~y

longitudinal
c~ntf

S years

Source aod
Identity of

Test Material

Habitual
calcllJn
intake

Dosage of Test
M,)terial Used

Range ot
catch,1T! intake:
560 to 2,580
mg/day average
calcilln intake
= 1132 + 401
mg/day

Sase Diet

Habi tual
catcil.ln intake
estimated as a
mean of 8
annual dietary
intake
estimates, 1)X
di ary derived
in Dutch
pop:.H at i on
U5ed Cr05S~

check di etary
histQry'lnethod

illone

Additional
rreatment~;

Oth~r factor's:
Affect ing

Iflt~rpretdtion of
Data

No act ivi ty
assessment, may be
a confo~if1g

factor
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