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TABLE 2.—OMEGA-3 FATTY ACIDS AND CORONARY HEART DiSEASE: CumnicaL STupies—Continued

Refererice ‘ Pesign I Duration
Zucker et al. 1988 Randomized, 6 weeks ... .
Artherosclercsis crossover.

73:13.

! Amount Subjects |

i. 0 VU U SUQ g OO G

)

ls2gepaz2g 9 normai. 16 ]
DHA (MaxEPA) v hyperlipoproteine-
safflower oil. mics.

type 1V hypeslipoproteine-
mics; NS Chal, TG, LDL,
HDL among norma's. !

Comments

Findings ]I'

Safflower il was usad
controi  oit. The stw
design was double bilir
but many of the subjec
reported  identitying 1t
FO by its characteris!
aitertaste. This is cne
the very few articla r
ported FQO aftertaste in
doubie biind study.

TGs, VLDL, ¢ LD in

Abbreviations used: NS, not stafistically signiticantly cdifferent; Chol, cholesteral; VLDL, very low-density lipopriein cholestesol; LDL, tow-density fipoprote
cholesterol; HDL, high-density lipoprotein cholestercl, TGs, triglycerides; apcA, apoprotein A (a protein in high-density lipoprtoein); apod; apoprotein B (a protein
low-density lipoproteir); apoE, apoprotein E (a protein in many lipoproteins, most notably ViDL and HDL; CHD, coronary heart disease; FO, fish ol TX
thrombaoxane; TPA, tissue plasminogen activator; PAIL, plasminogen activater inhibitor; v, versus; /d per day.
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Food Labeling: Health Ciaims; Calcium
and Osteoporosis

AGENCY: Food and Drug Administration,
HHS.
ACTION: Proposed rule.

SuMMARY: The Food and Drug
Administration (FDA) is proposing to
authorize the use on food labels and in
labeling of health claims relating to the
association between calcium and

. osteoporosis. FDA has reviewed the
available scientific data under the
provisions of the Nutrition Labeling and
Education Act of 1990. Based on its
review, 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
Recommended Daily Intake (RDI) for
calcium or 188 milligrams {mg) in an
assimilable form.

DATES: Written comments by February
25, 1992. The agency is proposing that
any final rule that may issue based upon
this propcsal become effective 6 months
following its publication in accordance
with requirements of the Nutrition
Labeling and Education Act of 1990.
ADDRESSES: Written comments to the
Dockets Management Branch (HF A~
305}, Food and Drug Administration, rm.
1-23, 12420 Parklawn Dr., Rockville, MD
20857.

FOR FURTHER INFORMATICN CONTACT:
Mona S. Calvo, Center for Food Safety
and Applied Nutrition (HFF-265), Food
and Drug Administration, 200 C St. SW,,
Washington, DC 20204, 202—485-9564.

SUPFLEMENTARY INFORMATIOR:
1. Background

A. The Nutrition 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 foeds.
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(r)(1)(B) of the act (21 U.S.C.
343(r)(1)(B).

Published elsewhere in this issue of
the Federal Register is & proposed rule
to establish general requirements for
health claims that characterize the
relationship of nutrients, including
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 well-designed studies conducted in
a manner which is consistent with
generally recognized scientific
procedures and principles) that there isg
significant scientific agreement among
experts qualified by scientific training
and experience to evaluate sach claims,

that the claim is supported by such
evidence.

The 1990 amendments also require
(section 3(b)(1)(a)(ii), (b}{1}(A)(vi), and
{b)(1)(A){x)) that, within 12 months of
their enactment, the Secretary shali
issue proposed regulations to implemen
section 483(r) of the act (21 U.S.C.
343(r)}, and that such regulations shail
determine, among other things, whether
claims respecting 10 topic areas,
including caleium 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 preducts, 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 “Food 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 claims 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 safety 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
lawful for use in food at the level found
to have an effect on a disezse or health
condition.

The topic of calcium and osteoporosis
involves a substance which has
recognized uses both as a component of
fuod and of drugs. The agency has
looked &t all data relevant to this topic
whether the data invelved tests at
dietary levels or at therapeutic levels.
The agency thought this necessary to
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ensure the completeness of its review.
tH{owever, the agency emphasizes that
this proposal is only about whether a
claim has been justified for calcium and
food. A component of food must be safe
in the context of the daily diet. On the
other hand, drugs may be used even if
they present questions of safety to the
general population, aad even to the
population being treated, on the basis
that there is a benefit from its use that
outweighs the potential risk.

B. Definition and Discase Prevalence,
Morbidity, Mortality, and Health Cosis

Osteoperosis is a disease
characterized by low bone mass, whore
the internal structure of the bone has
been eroded to the extent that even
slight trauma will cause the bene to
fracture easily (Ref. 7). An estimated 75
million people are afflicted with
osleoporosis in the United States,
Europe, and japan {Ref. 7). These
estimates include one in thres women
over 65 years and more than half the
elderly men and women over 75 years.

Osteoporosis causes more than 1.3
million fractures per year in the United
States, typically involving the spine,
wrist, hip and ribs (Ref. 108). Because
life expectancy in the United States will
scon average in the eighties,
osteoporosis is expected to affect an
even larger proportion of our pepulation
{Ref. 20). By age 80, approximately 40
percent of all women will have
sustained a wedge-type fracture of the
spine, a common source of pain,
disability, and deformity, resulting in
progressive loss of height with age {Ref.
109).

Fractures of the hip, however, 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 victims die
within the year following the fracture
(Ref. 83). Among those 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
excecd $10 billion dollars (Ref. 8).

C. Risk Factors and Populations at Risk

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

For women, hormonal changes
associated with menopause {natural or
premature cessation of the menstruatl
cycle) places them at increased risk
(Ref. 118). In addition, evidence exists
identifying low dietary calcium,
cigarette smoking, and alcohol intake as
factors in the development of
ostecoporosis (Refs. 2, 8, and 109). In
general, factors that impair maximum
bone formation carly in life and those
that underlie excess posimenopausal
and age-associated bene loss later in life
will predispose persons to osteoporosis,

D. Calciuni’s Nutrient and Physiologic
Function

The human body contains
approximately 1,000 grams (g) of
calcium, 99 percent of which is found in
the skeleion and a small but very
important 1 percent is found in the
plasma and soft tissues (Ref. 21),
Calcium 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 structure and
support. The bone's exchangeable
calcium pool allows for calcium storage
that can be readily released in times of
need. When this pool is exhausted, bone
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, regulation of ion
transport, enzymatic activity, and cell
growth 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 mzintain 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. 7). When increased
demand for calcium results in excessive
resorption of calcium from bone, the
structural support function of bone is
compromised, and the bone breaks
easily {Refs. 21 and 39).

Because of its essential function in the
maintenance of plasma calcium within
such narrow limits, bone is constantly
turning over and remodelir:z and thus
remains a dynamic tissue throughout
life. The process of bone remodeling
consists of the tightly coupled actions of
bone resorption and bone formation. It
is thought that through changes in bone

remodeling activity, factors such as
dietary calcium, exercise and hormonal
activity modulate the rate of bone loss
or gain (Refs. 34 and 84).

The need for calcium throughout life
varics with bone remodeling activity
and is reflected in the dietary guidelines
for calcium intake, which suggest
highest intake during adolescence and
early adult life when the greatest net
growth of bone oceurs (Ref. 3). Many
experts argue that because of the
increase in the bone resorption
component of the remodeling activity
that occurs at menopause in women,
there is also a need for greater calcium
intake at this stage of life {Refs. 23 and
67).

E Importance of Peak Bone Mass and
Iis Relation to Calcium

Peak bone mass, the total guantity of
bone present at skeletal maturity, may
have the greatcst bearing on whether or
not a person is at risk of developing
osteoporosis later in life. Most bone
experts support the idea that the best
way to reduce the risk of csteoporosis is
to maximize the amount of bone formed
at skeletal maturity which occurs by
approximately age 35 (Refs. 2, 10, 16, 64,
and 91). Experts agree that two factors,
adequate calcium intake and physical
activity, are critical to maximizing the
amount of bone formed at skeletal
maturity (Refs. 67, 91, 109, and 118). It is
also widely held that if calcium intake is
not adequate during childhood,
adolescence, and early aduithood, 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.

18). While little to no further growth in
length is experienced after the
pubescent growth spurt, bene continues
to grow in width and in mass adding
approximately 10 percent or miore mass
over the next 10 to 15 years (Refs. 63
and 118). This later phase is known as
the period of consolidation and
continues until about 35 years of age, at
which time a person is considered to be
at peak bone mass or skeletal maturity
(Refs. 10 and 118).

At midlife, between the ages of about
35 to 45, bone continues to remodel, but
bone mass is mainiained without change
(balanced rate of resorption and
formation). Thereafter, bone is lost at a
constant rate of 0.3 to 0.5 percent per
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bore a1 a fusier rate (210 & percent po
year) than men, but eventuully return
(between about 80 and 70 years of dg: !
to the same rate of bone loss s nen
{Ref. 20}, Dering the menopause, a
decresse in the femafe hormone
estrogen is the factor underlying this
rapid rate of hane loss (Refs. 20, 90, and
118},

The postulated mechanism underlying
the relationship of adequate celcium
intake and optime! peak bone mass to
the reduced risk of osteoporosis relutcs
to the assumption that since ali persons
lose bone with age, those with higher
bone mass at maturity take longer to
reach the critically reduced mass at
which fractures occur with minimal
trouma (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 tc 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 women
of African heritage have greater bone

. density and significantly lower
(approximately 50 percent) fracture
rates {Refs. 28, 4, 118, and 138}. 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. 28, 41, &3,
and 118) Nevertheless, weight bearing
exercise and diet can also influence the
maximal amount of bone achieved, and
unlike genetic facters, diet and exercise
can be easily manipulaied (Refs. 10, 78,
102, and 109).

F. Role of Celefuin After Peak Bone
Mass

Bonre density later 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 that occurs between ages
35 to 45 or after peak bone mass is
achieved but before menopause, is
unclear, because limited data are
available characterizing the rate of bone
loss tnat ocours. Mamtenance of an
adequate calcium intake during the
onset of menopause at about 45 to 50

2

yaars of age is imporient and ey belp
o stow the rapid loss of Done at thiy
time {Refs. 47 and 102} Howoevin
because the vapid rate of hore Toss thin
geeurs carly in menopause is largely the
result of the hormonal changes
associated with the ensetl of menepsuse,
a high dietary c;,;](;ium intike alone wit
not effectively stow the rate of loss
during this period of eatly heormone
withdrawal in women (Refs. 7, 52, 109,
and 120). Failure of men to experience
this period of accelerated bone loss
resulting from hormonal withdrawal is
another explanation for the sex
difference observed in the incidence of
osteoporosis (Refs. 20 and 118).

G. Summary of Mechaaism of Action of
Calcium

Current scientific thought suggests
that there are two mechanisms through
which calcium intake may influence
bone remodeling and ultimately, the risk
of osteoporosis and related bone
fracture. The first mechanism involves
maximizing the amount of bone that is
formed at skeletal maturity and the
second involves slowing the rate of bone
loss with age. Both mechanisms would
allow an individual to maintain a higher
bone mass later in life, thereby reaching
the critical fracture thresheld much later
in life.

H. Regulaiory History
1. Calcium

Calcium-containing food ingredients
are used in food for a number of
functional effects. In preparing this
proposal, the agency identified those
ingredients currently in use and their
functions, conditions of use, and limits
on the level for which they can be added
to food (Ref. 33). For the uses of these
ingredients in food to be lawful, they
must be either generally recognized as
safe (GRAS), or affirmed as GRAS by
FDA, listed in the food additive
regulations, cr subject to a prior
sanction. Of the 36 or more calcium-
containing ingredients identified by the
agency as currently in use, cnly the
following 10 compounds have bsen
demonstrated to FDA's satisfaction to
be safe and lawful for us¢ in a dietary
supplementi, or as a nutrient supplement
by FDA: calcium carbonaie, calcium
citrate, calcium glycerophosphate,
calcium oxide, calcium pantothenate,
calcium phosphate, calcium
pyrophosphate, calcium chloride,
calcium laciate, and calcium sulfate.

FDA also allows the addition of
calcium-containing compounds to
certain foods for the purpose of
fortification, under standards of 1dent1ty.
Examples of the foods in which calcium

vfeetion (v mg per pound (mg/1blii
na ihe permittted levels of
it per pound uw Jiin
0.115 L"ll\/.l,..’l hicad,
Hition of 600G mg/lh; 137.260
o /wdf/w may contain 960 mg/ iy
137.260 Eniic hed corn nieal, maty
in up o 750 mg/lb; 12
may contain un o 1680
; 15 Enriched macaraiid,
139.253 Enriched vegetihle noodle
product, and 138165 Enriched roodio
producis, may contain up to 625 mg/ib
respectively; 139.120 Ak macarcil,
caleium-coniaining milk solids content
not less than 3.8 percent of the weight of
the finished product; 139.121 Nonfai
mitk macarony products, finished
product contains up to 25 percent
calcium-containing, nonfat milk solids;
163.130 Mj/%k chocolate; 163.135
Buttermilk chocolate; 163.140 Skinr mitk
chocolate; and 163.145 Mixed dairy
product chocolates, contain not Iess
than 3.66 percent and up to 12 percent
by weight calcium-containing milk
solids. ’

2. Health Claims

In the Federal Register of August 4,
1987 (52 FR 28843), FDA published a
proposal to amend the food labeling
regulations to codify and clarify the
agency’s pelicy on the appropriate use
of health claims on food labeling. The
comments received on this proposal
strongly opposed the use of the health
claims. In the Federal Register of August
8, 1959 (54 FR 32610), FDA published an
advance notice of proposed rulemaking
that asked for public comment on how
to reasonably permit the use of health
claims on food labels that link food
components to reduction of risk of
chronic disease. In the Federal Register
of February 13, 199¢ (55 FR 5176), FDA
withdrew the 1887 proposal and
er;opos‘ed a regulation cutlining how

the agency would allow health claims.
Calcium and osteoporosis were among
the specific diet and disease
relationships mentioned in these
documents. However, on November 8,
1990, as stated abo\'e, Congress passed
the 1980 amendmenis. This action is
being taken in response to those
provisions.

I, Evidence Considered it
Decizion

poriniis

hod rice,

Recching the

T'he agency has reviewed ail relevan
scientific evidence on calcium and
osteoporocsis. This evidence included
several recent Federal government
reports: “The Surgeon General's Report

~on Nutrition and Health” (Ref. 1); the

National Instituies of Health’s (NIH]
“Osteoporosis Report of the 1984
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tepment Conlerence on
Oxrenporos ls 4m f. 6} the NIH 1584 and
“Osteaporasis —Cause, Trestment,
{Rel. 51 FDA" Pm(ﬁ‘eqmgs
of the National Conference on Women's
Figaith Series—Special Topic
ianfsredce on Osteoporosis” {Ref. 10}
the Department of Health and Human®
Service's (DHHS) “Heualthy People 2000
Mational Health Promotion and Disesse
Prevention Objectives™ (Ref. 11} the
1990 International Conference
sponsored in nart by NI, “Consensus
Development Conference: Prophylaxis
and Treatment of Ostecporosis™ {Ref, 7};
and the DHHS “Osteoporosis: Research,
Education, and Health Premotien”™ {Ref.
BJ.

Other authoritative documents used
included: the National Academy of
Science's {NAS) “Diet and Health:
Implications for Reducing Chronic
Disease Risk” (Ref. 2); the NAS
“Recommended Dietary Allowances”
(Ref. 3}; the World Health
Organization’s {WHO) *Diet, Nutrition,
and the Prevention of Chronic Diseases”
{Ref. 9); the Life Science's Research
Organization {LSRO} “Calcium and
Csteoporosis Report” (Ref. 13); and the
NAS “Nutrition During Pregnancy
Report” (Ref. 12).

The agency considered the
conclusions reached by these documents
in light of the findings of human studies
and new review articles in the scientific
literature published subseguent to these
documents. To assure that its review of
relevant evidence was complete, FDA
requested in the Federal Register of
March 28, 1991 {56 FR 12932), scientific
data and information on the 10 specific
topic areas identified in tha 1990
amendments. The topic of calcium and
Gsteoporosis was among the 10 subjecis
on which the agency requested
information,

J. Comments in Response to FDA
Heqguesi for Data and Informaiion

in response to FOA’s March 28, 1931
request for information otlier than that
available in the autheritative documents
cited in the Federal Register, the agenocy
rensived comments from 17 sources.
These scurces inciuded seven
manufacturers of calcium supplements
or calcium containing food products,
products or commodity interest
oups, two consumer-public health
arest groups, two academic
institutions, iwo private citizens, and
representatives of the Canadian
government. These cominents are
described briefly here and will be
considered, as appropriale, throughout
the text of this document.

The majority of the comments

upported a health claim proposal

Provention”
Praveninon

high

Vol 56, No, 229 / Wednes ddy, November

Aative 1 calohon and osteanorosis
h only two comments, from a
citizen and from the Canadian
government, opposing. A comment from
a consumer advocate gr uup uranu FDA
to be cavtivus and consider the
consumer first and foremost when _
making its decision. Commenis from «n
ﬂmdbmic institution and from
supplement manuafaciurers provided
information purperting to demonstrale
the effectiveness of a particular type of
calcium supplement or food additive
{fortificant) because of claimed superios
bivavailability. The majority of the
comments provided references or
reviews of the calcium and osteoporosis
re‘ajonﬂhip all of which were taken into
consideration in preparing the science
review.

iI. Science Review

A. Federci
Reports

FDA identified seven documents in
the Federal Register of March 28, 1991,
that reviewed or made
recommendations relative to the
calcium-osteoporosis health relationship
{Refs. 1 through 6, and 10). In addition,
FDA considered the published
conclusions of several recent
government-sponsored conferences and
reports and authoritative reviews [Refs.
7, 8,9, 11, 12 and 13).

Comparing the conclusicns from the
first consensus conference on
osteoporosis sponsored by NI in 1584
{Refs. 5 and 6) to the most recent NIH-
sponscred consensus conference held in
Octeber 1980 {Ref. 7), there is an

evolution in thought concerning the
importance of calcium intake to
@sler'poroms

Government and Other

Changes in the xeco’rkme nded levels of

valcium intake, and also changes in

target populaticn emphasis have in large

part mirrcred important clinical and
epidemiological findings over the last
decade. Initial emphasis wason a Highm

calciam intake for adults, with particniar

focus on postmenopausal women {Refs.
5 and B). The 1984 NIH report suggested
that ell aduits should consume more
than the 1580 .\e:s'nmenaed Daily
Allowance {RDA] of 800 mg of calcium:
*Adult women unu probabiy adult men
should have a total daily intake of 1,000
mg of calcium and women past
mencpause, not on ecirogen therapy,
nzed 1,500 mg daily” {§
NIri repeblished this document in
1985 [Ref. 5) with the following caveat:
“It has not yet been proven by
convincing scientific evidence that a
calcium intake will prevent
osteoporosis.” This gualification
reflected the results of studies that

ive the Ixi}r’* vr higl
stuwed bone losy in Dosim‘ EnOpANSL
WO {RPf& 145, 119 and 120).

The cur it focus 'Jrfn,ented at the
1990 “Consensus Devex(mmem
Confersnce: Pxopnyie)ﬂs dnd Tranimant
of Osteoporosis” shifts the emphasis on
calcium intakes from older to yom‘aux
individuals who are stili actively laying
down bone and recognizes that dmmry
catcium intakes below 1,000 mg per day
of dietary calcium are adequate for
adults (Ref. 7]. The panel concluded that
adequate calcium intake at all stages.of
life was a prerequisite for normal bone
growth and attainment of peak bone
mass. However, it also concluded that a
high calcium intake is not as effective as
& combination of adequate dietary
calcium and estregen therapy in
blunting the accelerated bone loss
during menspause. The panel also
recognized that inadequate calcium
intake is a risk factor for osteoprosis,
citing a minimum intake of 803 mg
calcium per day for all adults, and that
“higher amounts are required in
childhood, adolescence, pregnancy,
lactation, and old age.”

While the authoritative documents
may present varyving guidelines for
adequate calcium intake, ranging from
800 to 1,500 mg per day for adults, they
are unasimous in their reccmmendation
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
multifactorial disease, and that the
exact nature of the association between
calcium and mteopoloms is still unclear.
The documents also agree that low
calcium intake is a r‘sk {factor in the
development of osteoporosis and may
contribute to a lower peak bone mass or
accelerate the rate of bone loss with
aging [Refs. 1 through 3, 5, 8, 8 through
13), In addition, all these documents
emphasize that during the interval of
rapid bone Ioss that ocours early in
mencpauss, both an adequate dietary
intake in calcn_zm and estregen therapy
are required and recognize the need for
men and wemen io maintrin sdaqusats
calcium intake later in life (Refs. 1

ihrough 3, 5, 6, 8, through 13).

The 1837 FRA conference recognized
that calcium is a threshold nutrient, i
dsletarious effects may occur below a
certain, unknown level of intake (R {Ref.
18). The NAS report on “Dist aud
Health: Implications for Redusing
Chrenic Disesnse Risk” empn.as;:?ed,
however, that potential benefits of
caleivm intakes above the RDA's to
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prevent osteoperosis are not well
documented {Ref. 2}.

The recommendations for a particuler
level of dietary calcium intake are a key
point of difference among the documents
that set guidelines (Refs. 2, 3, 5, 7, and
11). "Recommended Dietary
Allowances,” published by NAS
recommended an extra allowance of
calcium to permit full mineral deposition
through age 24, rather than through age
18, as in the 1980 edition of the calcium
RDA (Ref. 3}. The NAS made this
change “to ensure a calcium intake that
allows the development of each
individual's genetically programmed
peak bone mass during the formative
years” (Refs. 2 and 3). Earlier
recommendations of 1.000 to 1,500 mg
calcium per day for peri- and
postmenopausal women {Ref. 5) did not
prevail, and the 1989 RDA for ail adults
of more than 25 years of age remained at
800 mg per day. This level for aduits was
recommended in the 1990 consensus
conference, with higher, unstated levels
for childhood, adolescence, pregnancy,
lactation and old age (Ref. 7].

In summary, these documents show
general agreement that, despite the lack
of conclusive evidence, the data are
sufficiently compelling to suggest that
maintaining an adequate calcivm intake
during adolescent and early adult life
may help to maximize peak bene mass
and ultimately to reduce the risk of
osteoporosis. Adequate calcium intake
during the peri- and postmenopausal
period in women and in elderly men 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 Scientific Review of the
Literature

1. Evidence Reviewed

A number of important studies have
been published since the publication of
the major authoritative and government
documentis describad in the previous
section. A thorough review of the
literature from 1988 to March of 1991
revezled s number of review,
commentary, and research papers
dealing with various aspects of this
subject. The criteria that the agency
used to select studies required them to:

(1) Present primary. clinical data
carried out in nermal, healthy,
nonpregnant, er nonlaciating
adolescents or adults;

{2} Be available in English;

(3} Include direct measures of bone
status such as bone mineral density; and
(4} Include a measure or estimate of
calcium intake or level of calcium

supplementation.

The first criterion selected is
consistent with the go:ls of the health
claim in that it will be applied to a
healthy normal popalation and is not to
be a therapeutic claim. The second
criterion is for convenience and was
compelled by the timeframes imposed
by the 1990 amendments. The third is
consistent with the goal of the health
claim in that it represents a direct
measure of the health status of bone.
The fourth criterion represents
measurement of the nutrient for which
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 animal mode!l
of age-related or postimenopausal
ostecporosis’ (Ref. 2). While the
extrapolation of animal studies to the
human condition may not be
appropriate, the results of studies in all
animal models repeatedly show that low
caletum intake causes reduced bone
mass and osteoporosis (Refs. 46, 76, 77,
and 127).

2. Criteria Used in Evaluating Studies

The criteria used in evaluating human
epidemiological and clinical studies
included:

(1) Reliability and accuracy of the
methods used in food intake analysis
and in assessing subjects, calcium
intake for the day of study, lifetime, or
their habitual intake, that is, the usuval
amount of calcium consumed;

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

(3} Representativeness of subjects:

(4} Control of confounding factors,
particularly the level of activity or
physical exercize must be controlied;

{5} The sensitivity of the endpoinis
measured, particularly with reference to
the type of bone measured (cortical
bene versus cancellous benej or the
bone site measured, {the rate of bone
loss differs between types of bone and
bone sites);

{6) Presence of recall bias and
interviewer bius; and

{7) Degree of compiiance and how
compliance was assessed.

FDA evaluated the weaknesses and
strengths of individual studies (see
“Assessment” columa of the Tahle}. It
then assessed the strength of the overa
combined evidence (e.g., clinical
intervention studies and epidemiologic
studies] taking into account the strengt|
of the association, the consistency of
findings, 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 dat:

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 authoritative 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 bene mass?
The most frequently ciled study
supporting the importance 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 time) in two areas of rural
Yugoslavia (Ref. 86). The two
communities were similar in several
factors that could influerice bone health
and fracture rates (similar age, racial
profiles, and levels of physical activity),
but differed significantly in their usuai
calcium intake (about 400 versus 1,000
mg per day]. Bone mass was
significantly greater in both men and
women by the age of 30 in the
commaunity with the higher calcium
intake. More importantly, the incidence
of hip fracture was significantly lower ir
the high calcium intake community with
the higher peak bone mass. Experts
concluded from this study that high life-
long calcium intakes did not prevent
hone loss since differences in bone mass
as a function of age were constant in
both groups, but it did increase peak
cortical bone mass and significantly
reduced the incidence of hip fracture
later in life.

All the recent studies that examined
subjects over a wide range of ages either
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o

f -sectionally (ot one pointia time}
o longitudinally {several puints syer
i contri Ju?ed some eviden

fime

rel ng tn paak bone mags {Refs. 14, 23,
48, 6 &... 94, 97, 98, 99, 111, 123, and
125). M"'kov et al., [Rel. 97

deonstrated a trend toward an

i se in bone density messured in
two different sheletal sites in voung
tewnagers who consumed higher lev
aloium over a period of 2 yewrs
tive to an age-mutched control
sumed theis
. B2 T d, orwhat is

: “habnu-. al” calvium intake.
However, the difference in bene mineral
density between the high and low

Icium groups was not slatistically
nificant. This failure to show
tistical significance could have b
attributable to the small number of
subjects studied (28 total). In another
elinigal trizl, Baran et al, {Ref. 25]
demenstrated no change in bone loss in
wumean {3010 42 vears oid) consuming

} vzuif_

1,300 to 1,500 mg of calcium per day over

3 years, as compared to a controi group
that did not consume added dairy
prodacts and that showed a significant
2.9 percent loss of bone.
ta a large supplementation stedy in
women 35 fo 85 years of age, Smith et
al., (Ref. 123) demonsirated that daily
supplementation of 1,500 mg calcium per
day over 4 years in premenopwsal
women significantly reduced the loss of
bLone mineral relative to contrels
Several cross-sectional studies in
premenopausal wemen showed
significantly higher bone density i
women consuming higher calcium
intakes {Refs. 60, 78, 94, and 111}, yet
others have failed 1o demonsirate a
siguificant positive cocrelation betwees
bone density and calcium intake {Refs.
19, 48, BB, 98, 99, and 125). In one study
in men {Ref. 82), calcium intake was
found to be an excellent predictor of
brne density of the spine.
A critical concern inevaluating the

effeciiveness of dietary calcium intakes
on bone density is that calcium intakes
at the time of interview do not always

curreiate well with bone density

measures that reflect a lifetime of a
variety of influences. This lack of
correlation between intake and bone
density is particuiarly true for
postmenopausal women {Refs. 94 and
124). However, in two studies where
lifetime or historical calcium intake
{intake estimated at age 20) was
determined, there was strong pesitive
correlation between high lifetime
calcium {> 500 mg per day) iutake and
bone mineral density of the mid and
distal radius {Ref. 60) and the lumbar
spine 1Ref. 111). Cauley et al. {1988)

31

imm o that postmenopausal women
sported high lifetime inlakes of
lcium had sign dn"ly greater bone
ity than those who repnr‘md rower
time mtak& {Rel. 36}, Reliability of
celoium intake estimates, either current,
habitual, or lifeiime estimates, is aiso a
eoncern because these data are usually
the weakest factor in these siudies,

While the resulis of the more recsal

studies do not provide definitive
evidence Emkmg hig

h calcium M tabo 1o
ak bone

i zv do prm;ae evi
demuonstrating a trend for i
bone mass in a carefully

tnoreused
controlled,

clinical frial {Ref. 97). and evidence of a
strong positive cerrelation to bone
dansity when lifetime calcium intakes

were estimated (Refs. 38, 6D and 111).
Moresver, the results of seme of thess
studies demonstrate that a high calciom
fntake is beneficial in reducing the rate
of bone loss in premenopausal women
shorily after paak bone mass is
achieved (Refs. 25, 78, and 111). A large
intervention irial that utilized subjects
over a wide range of ages showed a
positive correlation between calcium
intuke and bone mass {Ref. 123}
However, the results did not indicate
whether this occurred through a
maximization of peak bone mass or
through a slowing elfect.on the rate of
bone loss after skeletal matarity. Thus,
the recent data, although not definitive,
are sufficiently compelling to support
the link between adeguate calcium
intake and ac h!eweme nt of peak bone
nass.

The second guestion asked in
reviewing these studies is whether
added calcium or high calcium intake
reduces the risk of fracture, or slows
rate of bone loss in younger or older
subjects. Variation in results from the
older studies underscores the lack of
conclusive evidence that high calcium
intake delays the development of
osteuporosis As stated in the NAS

eport on “Diet and Health Repert:
an.ncadons for Reducing Chronic
Disease Risk™ (Ref. 2):

Many pulished reports huve shown either
no relationship or only a modest relaticnship
between dietary calcium and cortical bone
mass, * " * evidence that calcium
supplementation prevents trabecular bone
loss associaled with menopause is at best
weak. There is strong evidence that calcium
suppiementation has a modes! influence in
preventing cortical bene loss, bot = ¥ *
‘idence relaticg calcinm supplementation to
cture prevalence is scanty.

the

The lack of consistency in resalts in
these older studies is the result in part of
the various confounders that are aiso.
regrettably, present in some of the mora
recent studies. Higher calcium intakes

it shown 1o slow the rate of 1oss in

premenopausal Women consuming mors
dairy foods [Ref. 25) and in those

consuming calcium supplements (Rl
123}, In postmenopausal women,
calcium supplementation had ne effert
on spinal bone loss early in their
menepause, but for wormen late in their
menopause, the rate of bone loss was
nificantly reduced with calcinm
miation if inttial habitual

e intakes were lower than 400 g
pa' (la) [Rel 47} This finding presents
evi dtﬂ(‘ support mg what others
ave shown—ihat spinal booe
{predominantly cancellsus bone at *’hi‘i
site} loss in eurly postmenopause is les
responsive 1o calcium Sﬂyrii‘ mentation
than cortical bene of the hip or radius
{Rel. 126} Stevenson et al., {Rel. 124)
& d that dietery intake of caloium
i Wluence the rate of bone loss
after 12 m (mths of supplementation in
n studied during the first 5 years

apAusa.

En E} idugn study examining women 35
to 65 years of age, calcium
supplementation of postmenopausal
women was shown to counteract a lar
portica of ihP annual bone foss that is

attributable to me"opauae lRel ;,L,’}
Others fu,.md that the rale of boas loss
aflter 9 months of calcium
Suppi@uematmn {about 1700 myg per
day) in postmenopausal womena was
lower ihaa in untreated controls, buot the
difference did not reach statistizal
significance [Ref. 113). In this study.
when comparisons were made only
between women within 10 years of the
onset of menocpauses, there was a
significant reduction in the rate of bone
loss with calvium supplementation from
dairy preducts. Others showed no
relation between habitual calciom
intske in postmenopausal women and
bone m meral density of the radius in a
cross-sectional study (Ref. 128) or of the
radius, fernoral neck or spine in a
longitudinal study {Ref. 131). Habitual
calcium intake exceeding 800 mg per
day was not effective in preventing
cortical bone loss in early menopause
{Refl. 132).

1t is apparent that a large part of the
inconsistency observed in studies
involving postmenopausal women may
be the result of the overwhelming
influence cf the hormonal chapge early
in menopause versus that of late
menopause. With the exception of
Polley et al., {Ref. 113}, these findings
suggest that subjects studied in early
inenopause are less responsive fo
increased calcium intake, but that
women in late menopause are
responsive. These findings suggest the

ag
g
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possibility that adaptational influences
come into play later in menopause.

Another factor that may contribute te
the inconsistency of study results is the
differential response of the various
skeletal sites measured. Fujita, et al.,
(Ref. 55) showed an increase in forearm
bone density (primarily cortical bone at
this site), but no change in spinal bone
(rnostly cancellous bone at this site),
with calcium supplementation of
subjects greater than 70 years of age
(}ate mencpause) for 2 years. Hoibrook
et al,, (Ref. 72) found that the age-
adjusted risk of hip fracture was
associated with low estimates of dictary
calcium intake in a large population of
men and women aged 50 to 79 at the
start of the 14-year study.

The results of the recent clinical trial
of Nelson et al., (Ref. 102} underscores
this point concerning the differential
responses between cortical and
cancellous bone to increased calcium
iritake. In this study, results showed a
1.1 percent loss of bone density in the
femoral neck (cortical bore) 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
calcium intake on slowing the rate of
bone loss. However, 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
mencpause because of what is thought
to be 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
mencpause (Refs. 36, 47, 55, 102, and
113).

The third question considered was
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 csteoporosis in 1987 (Ref.
10). Concern focused on the lower
threshold suggesting that low dietary

calcium is a permissive clement rather
than a causative element in the
development of osteoporosis (Ref. 65).
Ouly recently have the upper limits of
the effect of calcium intake been
explored.

Kanders et al. (Ref. 78}, in their cross-
gcctional study, showed that bone
mincral density of the spine did not
increase with calcium intakes above 860
to 1,000 mg per day, which implics an
upper limit of calcium intake on
oplimizing peak bone mass in
premenocpausal women. Halious and
Anderson (Ref. 80) cbserved similar
results at levels above 800 mg of calcium
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 optimal 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

hetween calcium intake and chenges i
bone mass resis with the inadequecies
of determining this independent
variable, notably an accurate and
reliable estimate of calcium intake. 1t 1:
now apparent that calcium’s effect on
retarding bene loss in postmenopausal
women may be influenced by kabitual
calcium intake, where persons with
lower habitual intakes show the gicute
response {Ref. 47}, Thus, recent finding
were generally consistent and
strengthened the conclusions and
guidelines set forth in the government
and authoritative documents.

II1. Decision to Accept Hzalth Claim
A. Public Fealth Context

Osteoporosis is a major health
concera of the elderly, particularly
women, 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). Low
calcium intake has been identified as ¢
risk factor, although controversy exists
concerning the extent of its effect (Reft
65, 79, and 80). Many experts argue tha
a lifetime low calcium intake, that is af
levels below the level of obligatory los
(calcium that the body must lose every
day in fecal secretions and urine), whis
is usually 150 to 300 mg per day but
which some have defined as 300 to 460
mg per day, may result in low peak bo:
mass and above average loss of bone
mass in adults {Refs. 8 and 87).

B. Dietary Cclcium Intake

National food intake surveys (Refs. {
54, and 105) provide evidence
identifying calcium from dietary sourc:
as a problem nutrient in a subpopulati
at risk for osteoporosis, namely wome:
between 11 through 35 years of age.
These surveys show 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 sugges
that as early as 9 years of age, mean
calcium intake for women is well belot
the RDA and remains low from early t
late adulthood. These dietary data
alone, hewever, are insufficient to
establish calcium status of women 9
years and older with low dietary
calcium intakes.

C. Sources of Calcium

For the general popuiation, diet is th
primary source of calcium (Ref. 63).
However, 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 their total daily
calcium intake (Ref. 63). Calcium is not
uniformly distribuied in the food supply.
Milk 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 calcium ingested by
adult men and women and nearly 65
percent of the daily calcium in children
(Ref. 54).

D. Guidelines for Calcium intake

The National Academy of Sciences
set the RDA for men and women 19
years of age and older at 800 mg per day
in 1980. However, acknowledging that
greater calcium intake is needed during
the period of consolidation to maximize
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 pecple have intrinsic control
mechanisms that prevent excessive
serum levels (Refs. 22, 83, 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 within the limits of safety.

F. Rationale Leading to the Decision to
Accept Health Claim

FDA has proposed no specific
provisions pertaining to the agency's
assessment of conformance with 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 must persuade FDA 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 de not constitute
a sound body of evidence.

The standard requires that significant
agreement exist among qualified experts
that the claim 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 set,
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

i

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
weight of a set of data.

The overriding principle will be to
determine whether there are consistent
results from different types of well-
conducted human studies by differeni
investigators in different populations.
The strengths and weaknesses of each
individual study will be evaluated.
When experiments with animal models
are appropriate, consistency of results
between human and animal studies wiil
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 focd
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 examined 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 between 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 allow the
preposed claim is based on significant
agreeinent among experts in the field
concerning three important conclusions.
First, experts conclude that maintenanc:
of adequate calci-m intake during all
stages of life is important to normal
bone health and to optimal peak bone
mass, and that optimizing bone mass at
skeletal maturity (at about 35 years of
age) may help to delay the onset or
reduce the risk of csteoporosis and
related bone fracture. To produce
definitive evidence directly linking
calcium intake to optimized bone mass
and ultimately to reduced risk of
ostecporosis and the delayed onsei 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 osteoporosis. 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, when
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
jecpardized, 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 United States population.
Estimates of daily calcium intake for
mien and women determined in the most
recent nationwide surveys show that for
nmen, mean calcium intake closely
approximates the guideline for intuke
tiroughout their life span (Refs. 35 and
105). However, both surveys show that
the average calcium intake for women
falls well below the 1980 RDA guideline
and remains below the RDA with
increasing age. This low calcium intake
in conjuncticn 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
population at greatest risk of developing
osteoporosis (Refs. 2 and 3). Others at
risk of osteoporosis because of low
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
sweat (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 Raticnale 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 slow the
rate of bone loss later in life. By
maximizing the amount of bone present
in old age through higher peak mass and

subscquent slower rate of loss. one m
reduce the risk of osteoporosis and
retated bone fractures.

In proposed § 101.72(a}. FDA
describes the relationship between
calcium and csteoporosis. Experts hiv
identified low or inadequate calcium
intakes as one of many risk factors in
the development! of usteoporosis (Refs.
21, 63, 95, and 118). Insdequate calcium
intake is thought to contribute to low
peak bone mass (Ref. 10). Peak bone
mass is the total quantity of bone
present at skeletal maturity which
experis believe has the greatest bearin:
on whether a person will be at risk of
developing csteopcrosis and related
bone fractures later in life (Refs. 21, 64
and 118). The rate of bone loss after
skeletal maturity alsc 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 peak bene mass to
the reduced risk of osteoporotic fractur.
relates to the fact that all individuals
lose bone as they age. However, those
individuals with more bone present at
maturity 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 rate of bone loss after
maturity. Maintenance of an adequate
calcium intake later in life has been
shown to be important in reducing the
rate of bone loss particularly in the
elderly (Refs. 63 and 118) and in women
during the first decade fellowing
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 kelpin,
to slow 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 state of osteoporosis. In
the label statement, FDA proposes to
allow the concept of achieving peak
bone mass to be conveyed to the public
with a simpler phrase such as “build
and maintain geod bone health.”
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B. Significance of Calcium

In proposed § 101.72(1), FDA is
describing the significance of calcium in
alfecting osteoporosis. The agency has
tentatively identified those factors that
describe the multifactorial nature of
osteoporosis and has identified those
risk factors that identify subpopulations
of individuals who would most benefit
from a lifelong, adequate calcium
consumption. In proposed §§ 101.72(b}
and 101.72(d)(2), FDA tentatively
nroposes to require specific
«dentification of those individuals within
the general population at greatest risk of
developing osteoporosis and for whom
the proposed health claim would have
greatest benefit. These individuals
include Caucasian and possibly Asian
women and adolescent girls between 11
and 35 years of age, men and women
with family histories of osteoporosis,
menopausal 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 lower risk for
the development of osteoporosis than
the target populations described above.
This fact was presented to the public as
early as 1984, when NIH identified those
individuals at greatest risk of
osteoporosis in their publication,
“QOsteoporosis: 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 lower incidence of
osteoporosis-related bone fracture than
Caucasian Americans (Refs. 28, 41, 118,
and 136). This lower incidence of
osteoporosis in African 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 men.
Inforination 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 lower incidence
of osteoporosis-related bone fracture,
lower calcium intakes, and significantly
higher incidence of lactose intolerance,
they are at much lower risk of
developing ostecporosis 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 calcium
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, although 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 mislead 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 States population,
and that the subpopulation clearly at
greatest risk is identified. This
subpopulation includes Caucasian
females but may also include Asian
females. The agency has proposed that
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
rate of bone loss that women experience
at the onset of menopause (Refs. 74 and
136). These factors contribute to men
having a significantly greater bone mass
in later years than women. These
differences in the rate of loss of bone
and in the total bone mass at maturity
help to explain the significantly lower
incidence of ostecporosis 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,
ostecporosis, 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 results
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 greater
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
which 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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amounts of calciurs are needed in old
age (Rel. 7).

C. Proposed Quals, ving Levels of
Calerum

In proposed § 101.72(¢c}{2). FDA 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 tentatively cencluded that for
nutrients for which increases in intake
are associated with a desirable health
outcome, FDA's proposed criterion for a
“high” amount of a nutrient shall be the
basis for determining the minimum
amount of the nutrient that must be in a
food for the food te 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
Mandatory Nutrition Labeling published
elsewhere in this issue of the Federal
Register) 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, 1858,

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, phytate, and fiber interfere with
calcium absorption or metabolism {Refs.
15, 63, 69, and 71).

FDA is concerned about the
bioavailability (ability to assimilate) of
the calcium conlained in preducts that
make a health claim. It would be
misleading 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 czlcium, it is no?
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 where inter-individual variation
is a significant confounding factor. For
this reason, FDA requests comments on
how 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 bicavailability for calcium
supplements (Refs. 66, 69, 108 and 122).

D. Proposed Disqualifying Components
of Products

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
calcium-osteoporosis claim. Thus, FDA
is proposing in § 101.72(c)(4) to
disqualify calcium supplements from a
health claim if they fail to meet 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
metabolism and obligatory loss of
calcium, respectively (Refs. 2, 3 and 17).
The agency, however, is not proposing

to disquaiify high protein products from
bearing a celcium claim. Like calcium,
protein is not ubiquitously distributed i
our food supply and is richest in specift
food sources (Refs. 27 and 110). Some ¢
these protein rich foods, such as milk o
milk products, contribute more than hal
the calcium and protein intake of some
individuals, notably children. Thus,
relatively few foods are sources of
calctum and protein, fercing consumers
to be sefective to meet the nutritional
needs for both calcium and protein. It
would be misleading to disqualify a
preduct that is both rich in calcium and
protein based on the protein’s effect on
urinary excretion of calcium without
knowledge of what contribution this
product made to the consumer’s tetal
protein intake.

While only a few foeds are rich in
calcium and protein, nearly all foods
contain phosphorus as either a natural
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 that
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 greate
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 United States diet is 1:1, but the rat!
of actual food consumption patterns
differs with age (Ref. 3). Infant
consumption patterns produce a ratio o
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 26 to 30 percent of the
daily phosphorus as food additives (Re
58). Evidence shows that phosphorus
intake may be underestimated as much
as 15 to 20 percent, because the
phosphorus supplied by numerocus food
additives in processed foods are not
always accounted for in tables of food
composition (Ref. 108).

FDA is proposing that high levels of
phosphorus {naturally occurring or
added) in conventional foods or
supplements that result in celcium to
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phosphorus ratios lower than 1:1 will
disqualify the product from bearing a
calcium/esteoporosis health claim.
FDA’s tentative decision to identify
phasphorus as a disqualifying nutrient is
based on the ubiquitous distribution of
this mineral.in the food supply, the low
ratio of calcium to phosphorus that
typifies current intake patterns, and
current evidence demonstrating that
high levels of dietary phosphorus
coupled with low dietary calcium
adversely influence hormonal factors
that regulate calcium and bone
metabolism {Refs. 17, 21, 29, 32, 46, 93,
114, and 116). Recent studies in humans
show that high intakes of phosphorus
compared to calcium typically observed
in the United States diet will produce
changes in serum calcium and bone
regulating hormones that may adversely
affect peak bone mass (Refs. 17, 21, 31,
32,114, 115 and 118). This evidence is
supported by findings from a variety of
animal models demonstraiing that diets
high in phosphorus and relatively low in
calcium result in changes in calcium
regulating hormones that adversely
affect bone formation and stimulate
bone resorption, and ultimately bone
loss (Ref. 48).

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 that
contain just 20 percent of the proposed
RDI for calcium {about 188 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
with 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 nutritional.
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
metabclism whan high dietary levels are
consumed (Refs. 53 and 135). However,
sodium and other nutrients in high levels
may disqualify & product from the claim
because of their association with
diseases other than osteoporosis. FDA
has proposed disqualifying levels for fat,
saturated fat, cholesterol, and sodium in
proposed § 101.14. In. proposed
§ 101.72(c)(1), as stated above, FDA

proposes that all requirements for health
claims as defined in proposed § 101.14
must be met for a product to bear a
claim relating calcium intake to
osteoporosis. Disqualifying nutrient
levels are discussed in the proposal on
general principles for health claims
published elsewhere in this issue of the
Federal Register.

Given the proposed conditions and
requirements for a product to bear a
health claim relating calcium intake to
reduced risk of osteoporosis discussed
above, seme typical foods that would
qualify for this claim include servings of:
lowfat yogurt, 1 and 2 percent fat milk,
skim milk, cultured buttermilk, 2 percent
lowiat chocolate milk and tofu (Ref. 44).
As discussed in the preamble to the
proposal on general principles for heaith
claims, FDA finds no basis to provide an
exception to the disqualifying levels to
permit a calcium and osteoporosis claim
on whole milk.

To assist manufacturers in
formulating a health claim, FDA is
providing a model message in the
proposed regulation. .

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

The following appendix is a proposed
consumer summary on 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

Dietary Calcium and Osteoporosis

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 relationships 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 osteoporosis.

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

In addition to dietary calcium and
osteoporosis, FDA is allowing health
claims about the relationship between
sodiumn and hypertension, saturated fat
and cholesterol and cardiovascular
disease, fat and cancer. and
N . For information about
thece other diet and health
relationships, write to: [TO BE
INSERTED]}.

What is Ostecporosis?

Osteoporosis is a disease condition in
which reduced bone mass causcs the
bones to fracture easily. The disease
occurs in both sexes bat is more
common among older women.

Why is There Concern About
Osteoporesis?

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 people affected. The disease is
responsible for about 50,000 deaths
annually, and substantial health care
casts are associated with it.

Omne-third of women 65 years and
older have spinal vertebrae fractures,
the mest common break asscciated with
osteoporosis, Vertebral fractures are
often undetected, and few women
identify the height loss that results as
due to osteoporosis. Many elderly men
and women 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.

What is the Cause of Osteoporosis?

Osteoporosis is a complex disease,
and why it develops in some people is
not entirely undersiood at this time. The
factors that make a person most at risk
for developing the disease are increased
age and being a female (particularly
when loss 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 with a
decreased risk of its development. These
include consuming an adeguate amount
of dietary calcium and getting enough
exercise, especially during the bone-
forming years; eating a balanced diet;
not smoking cigarettes; and either not
drinking alcohol or doing so in
moderation. .

The exact nature of the association
between calcium and csteoporosis is
under active research. Scientific experts
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amount of 3
throughout life
fealth.

The maximum smount of bone thal a
person can build is defernined by
keredity. Bone continues to be added to
thie skeleton until aboul 35 years of age,
at which time skeletel maturity oceours.
Scientisis agree that adeguate dielary
caleium during the bone-forniing years is
imporiant to building an optimal amount
of bone (called “peak” bone mass).
Building optimal bone mass through a
balanced diet, including adequate
calcium, until skeletal maturity occurs
may help to delay the onset of or limit
the chance of developing osteoporosis
Jater in life.

Bone experts also agree that, for
adults in midlife or older years,
maintaining adequate dietary calcium is
crucial to slowing down the rate of bone
loss that naturally occurs at that time.
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 slow 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 women and eiderly
men also are at special risk of
developing cstesporosis.

Do Most People Get Enough Calcium in
What They Eat?

Because of concern that some people
are consuming too little caleium, the U.S.
Public Health Service has set a national
health goal for pecple 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 sources of calcium.
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.

How Do You Learn Which 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.

nportat te ly v

32 survin;; of
tion bl as a

The amount of calcium
foud is listed on the nut
percontage of the Referonce Daily Infal
{RI2EL The RO for calcium is Q00
s rams {mg} for adelts and children

over 4 vears of age. The RDJ is not an
amount recommended for you
persomally. Ii is a general reference
number to help you determine how the
amount of calcium in a serving of food
relates to an average amount for a day.

Maore specific information for
individuals comes 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 amounts range from
400 to 800 mg. The recommended daily
amount of calcium for ages 11 through 24
years for both sexes, when maximum
bone growth occurs, is 1,200 mg. The
recominended daily amount for 25 years
and older is 800 mg. For preginnant 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 calcium.

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 (lactose) in milk,
and are said to have “lactose
intolerance.” Most people with lactose
intolerance, however, are able to
consume small amounts of mitk and
other products centaining lactose
without distress. Also low-lactose and
reduced-lactese dairy products are
available.

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

_ caleium. 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.

VWhat Do Label Claims About Calcium
Kean?

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

Content claims are those made about
the amount of calcium the food contains.
For example, a label may say “high 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 “high” in calcium, while a
food containing from 10 percent to 20

Libeledasa*

ame foods thet are high in or suwoes
of calcium may contain one o more
nutrients that increase the risk of a diet-
retated disesse. For example, a high
sodiunt intake is linked to high bloed
pressure in some people. To alert
consumers, a claim about calcium
centent cannot be made on the label of
such foods without indicating the
presence of the other nutrient. A label
might say, for example, “High in
caleium; see nutrition label for
information about sodium and other
nutrients.”

Health clainis are those made about
the relationship between calcium and
osteoperosis. A health claim can be
made only on foods that contain 28
percent or more of the RDI of calcium
per serving and do not contain another
nutrient (or nuirients) that increase the
risk of a 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 skim milk, chocolate drinks
and yogurt made from skim or low fat
milk, reduced-calorie chocolate and
cocoa dairy drink mixes, orange
breakfast drinks, and tofu.

What About Dictary Supplements of
Calcium?

The first impeortant 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 foeds with enough
calcium, 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.

Cther Risk Factors for Osteoporesis

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 increase bone
mass during the bone-forming vears. In
addition, choosing not to smoke and
limiting alcoholic beverages are
healthful ways to reduce your chances
of developing the disease.

Older people benefit from regular
exercise that strengthens their muscles
and helps lessen the danger of falls that
may resuit in broken bones. A safe
environment, such as removal of scatter
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rogs, bs also important for elderly
people.

-
Fi

s fo Keep i Mind

o 1It's the total combination of foods
that you eat regularly—both the kinds
and the amounts—that’'s importan! in
terms of good nutrition. Eating a
particular food or foods isn’t a magic
key that will assure that you have a
more healthful diet.

s Eating a healthful diet, in iiself,
doesn’t guarantee good heaith.
However, a healthful diet is an
important part of a healthy lifestyle that
includes, for example, regular physical
exercise, not smoking, not drinking
alcoholic beverages in excess, and not
abusing drugs.

¢ In addition to what you eat, many
factors may be related to your own
chance of developing a particular
disease, for example, your heredity, your
environment, and the health care that
you get. Our knowledge about most diet-
health relationships is incomplete and
will improve as scientific knowledge
increases. However, enough is known
today about some of these relationships
to encourage changes in dietary
practices believed to be beneficial.
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“tabitual Dictary Calcium Intuke and
ol Boae Less in Perimeno {
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Souieties for Experimental Binlogy: Nuiritio.
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Report on Nuteition Monitorieg, Prepared lor
the USDA and DHHS, DHIEIS Publication No.
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ington, DG, LS. Government Pm' ing
September 1989.

V11 Environmental Impact

The agency hos determined under 21
CFR 25.24{aj(11) that this action is of a
type that dees not indi nduﬁ..lv or
cumulativel y have significant effect en
the human environment. Therefore,
nzither an environmental assessment
aor an eavironmeital impact statement
is reguired.

Vill, Ecoasmic Impact

The food labeling reform initiative,

tuken as a whole, will have associated
cosis in excess of the $100 million

threshold that defines a maior rule.
Therefore, in accordance with Exenutive
Order 12261 and the Regulatory
Flexibility Act {Pub. L. 98-354], FOA has
developed one comprehensive
regulatory impact analysis {RIA} that
presents the costs and beaefits of all of
the food labeling provisions taken
@ug(*ther The RIA is published
eisewhere in this issue of the Federal
Register. The agency requeslts commeant,
on the RiA.

(X. Effective Date

FDA is proposing to maeke these
~egulationz effective € months after ¢
publication of a final rule based on ¢
propogal,

K. Comments
futerested persons muy, on or belors
PVobiroary 25, 1992, submit to the Dockels
Alanagement Branch {address above)
wrilten comments regarding this
ora ;vm:!l Two copies of any commuoents
are 1o be submitted, except that
mdlv:duazls may submit one copy.
Comments aie 1o be identified with the
docket number found in brackels in the
heading of this document. Received
comments may be seen in the office
; setween 9 a.m. and 4 pom.,
Munday theough Friday.
List of Subjects in 21 CFR Part 101
Food labeling, Reporting and
recordkeeping requirements.
Therefore, under the Federal Food,
Drug, and Cesmetic At and ander
authority delegated to tho Cormmissinnse
of the Food and Drugs, it is proposed
that 21 CFR part 161 be amended as
foilows:

PART 101—F0OOD LABELING

1. The suthority citation for 21 CFR
part 101 is revised o read as follows:

dyove |

Authority: Secs. 4. 5, 6 of the Fair Packagiog
and Labeling Act (15 U.S.C. 1453, 1454, 1455}
secs. 201, 301, 402, 403, 409, 501, 502, 505, 701
of the Federal Food, Drug, and Cr;emptic Act
{21 U.S.C. 321, 331, 342, 343, 348, 351, ¢
371

2. Section 101,72 is
to read as follows:

added to subpart £

§ 101.72 Health clabms: calciun and
osteoperosis.,

(s} Belotionship Fetwesa calcium anid
osteoporosis. An insdeguate calcium
intake contributes to low peak bone
zass and has been identified as one
numersus many risk factors in the
dme:cy.«mrt raf csinr‘purmih Peak bane
mass is the tolal quantity of bone
present at maturity thai experts believe
Haa ihe greatest bean"g on whether or
not a person will be at risk of
developing osis ,npomsis and related
bone fractures later in life. Another
Factor that wnﬂwnce 1otd2 bone mass
and susceptibility to csteoporosis is the
rate of bone loss after skeleta! maturity.

An adeguate intake of calcium is
thought to exert a positive effect during
sdolescence and early adulthood in
optimizing the amount of bone that ia
laid down. However, the upper limit of
peak bone mass is genetically
determined. The mechanism through
which an adequate caicium intake and
optimal peak bone mass are thought to
reduce the risk of osteoporosis relates (o
the fact that all persons lose bone with
age, hence those with higher bone mass
at maturity take longer to reach the
critically reduced mass at which bones

r

can fracture casily. The rote of bone Ioss
after skeletal maturity also influences
the amount of bone presens at ¢ld age
and can influence anindividual's risk ot
developing osteoporosis. Maintenance
of an adeguate intake of calcium later in
life is thought to be important in
reducing the miv u? bone loss

partic u!driv in the elderly and in womea
4 aring the Jirst de(,«me !()wjnving
mennpause.

i’";:(mi* in ih@ de ‘.910(;'{‘“ t nf

steoporesis multifacterial bone
8e. Other factors including a

rson’s sex, race, hormonal status,

mily histery, body stature, level of
e, C—’.ﬂ‘:nﬂm! d;m and specific tife

risk of oste apo*o";zq

11 Heredity and Lz‘mg femule are two
k’{v factors identifying those individuals
at rigk for the development of
osteoporosis, Hereditary factors inslude
race, notably Caucasian and possibly
Asians are characterize d by !OWPr poak
bone mass at materity, and have a
significant!ly higher incidence of bone
fracture with increasing age, than
African Americans.

{2) Maintenance of an adeguate intuke
of calcium theoughout life is parm,u!mly
tmporiant for a st lpp(‘pumiio’x (‘f
individusls at gr)qwst risk of developing
ssteoporosis and for whom adequate
digtary calcium intake may hd‘./" ihe
mos! important beneficial effects on
bone health. This target subpopulaiion
inciudes adolescent and young ¢ 1d nl
Caucasian and possibly Asian American
worsen. In addition. those individuals

-with known Eamiiy histcries of

osienporosis are also at grealer risk of
developing this bone discase later in
[

{(:3 Heulth claim conditions. A food
fabel or %dbeurg may contain hs‘a]th
glaim :iaiing that consumption of &
adrql! ate caleium intake throushout life

helps to optimize p(=ak bone mass during
udo escence and early ad .!t"u,mi and to
slow the rale of bone loss later in life

aad, by maximizing the amount of bone
prasent in later years through these
mechanisms, may reduce the risk of
ostepporosis and related bone fracture
provided that the following conditions

are met hy the product:

{1} All reguirements for health claims
as detared in § 101.14 are met;

{2) \ serving of food or a total daily
recommended supplement intake meets
or exceeds the requirements for a “high”
level of calcium as described in § 1071 54:

{3} The calcium content of the produst
is assimilable;
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(4) Dietary supplements shall meet the

United States Pharmacopeia standards
" for disintegration and dissolution; and

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

{(d) Health claim requirements. Health
claims relating adequate caleium intake
to the possible reduction in the risk of
osteoporosis may be used on the label
and in the labeling provided that such
statements comply with the following
requirements:

(1) The claim shali make ciear that
adequate calcium intake throughout life
is not the only recognized risk factor in
this multifactorial bone disease by
listing the specific factors, including a
persons’s sex, race, age, and family
history, that place them 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 white (or the term “Caucasian”)
women and may include Asian women
in their bone forming years
{approximately 11 to 35 years of age or
the phrase “during teen or early adult
years” may be used). These may also
include menopausal (or the term
“middle-aged”) women, persons with a
family history of the disease, and elderly
(or the term “older”) 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 adolescence and
early adulthood. The phrase “build and
maintain good bone health” may be
used to convey the concept of optimizing
peak bone mass. When reference is
made to persons with a family history of
the disease, menopausal women, and
elderly men and women, the claim may
also state that adequate calcium intake
is linked to reduced risk of osteoporosis
through the mechanism of slowing the
rate of bone loss; ;

{4) The claim shall not quarntitate the
degree of reduced risk of osteoporosis
that may result from maintaining an -
adequate calcium intake throughout life;
and

(5] The health claim shall state that a
total dietary intake greater than 200
percent of the recommended daily
intake (1,800 milligrams (mg) of calcium)
has no further known benefit to bone
health.

Sample Health Claim

Osteaporosis affects older persons,
especially middle-aged, white women and
those whose families tend to have fragile
bones in later years. A lifetime of reguler
exefcise and eating a healthful diet that
includes enough calcium, expecially dusing
teen and early adult years, builds and
maintains good bone health; and may reduce
the risk of osteoporosis later in life. Adequate
calcium intake is important, but intakes
above about 1.800 mg are not likely to provide
any additional benefit.

Dasted: November 4, 1991,
Bavid A. Kessler,
Commissioner of Food end Drugs.

Louvis W. Sullivan,
Secrelory of Health and Human Services.

Note: The following table will not appearin
the annual Code of Federal Regulations.

BILLING CODE 4160-01-#



TABLE %

Effecte of Calefam on Bone Startus

ROATEET ar

Durati

2
ES

Bage Diet

Description s Study
Subjedts
Ar\\gus R. #:L Crosg~sectional None None: Mean catzium Usual dietary Nore NG stantticant
et i, 1932 X intakes for habits Correiailon was
{Ref. 18) tarmine

e of diet on
bone mgss

proximesl f

dens ity guon
by d
abserptizecry {(DPAS
Bone minzrat derai
also measured
spine ard bone
xinerat dortery i
forearm by singie
photon
absorpyicmetry

~F

= for 4
ecutive days
ighing ats
itens on a

atle digital
scale

premeropausal
and
eratmengpausal
womer were 159
ard 717 mg/day,
cespoctively

Mean coleium
intake
calcuiated from
4-day weighed
food record

tound betwcen

curcent calciu
intake snd by
fiane At any

Baran,
et al,, 1990
(Ref. 25

Randomt zod
prospestive ol infeal
tria

Keasuredz  bope
asnsity of the
ludasr spine by Quat
photan apserztion
Blood chemistries
measured every &
weeks included tip
protiles i
parainyroid horure

id

9 started (37
finishe) women
30t 42 yoars
old premenecausat
Centrol n = 22,
Average increase
<alcium intake
g9/ day

3 years (36
moniig}

Dairy foods

500 to 600
mg/day as dairy
foods

3-day dietary
histories
repeated
Instruction on
calcium intake
of dairy foods
Compl iance
confirmed with
24-tour urine
calcium measure
Urged to use
{ow fat dairy
products

Habi tual
calctum
intake:7
Control = 892
mg/day
treatment = 962
ma/day
increased to
1300 te 1500
mg/day

All groups were
age and weight
matched with no
difference in
habitual calcium
intake or initial
bone denzities
Direct questions
and HOL-
Cholesterol
profiles showed no
qroup differences
in exercise
patterns, -thus it
Was no considered
a confounder

None

No change in
vertebral bene

HOMRr COMSUming
the dairy
supplerimnted diet,
but the untreated
controls showed a
significant
decline (-2.97)
that ditfered from
the treated growp
at 30 and 36
months

Ng chenges in any
parameter of lipid
profile or <aicium
tomeostasis otner
than a significant
increase in
urinary calciur
excretion was
observed in the

modification v
supplemmniat iy
witn cairy

vertebral &

coudd rerard “

treated groug
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Table 1--continued

calcium) of bone
integrity after
mencpause
Hortones studied:
Estrone
Testosterone

" Androstenedione

Caicium intake in
childhood,
adolescence, and
adulthood was
assessed
retrospectively from
responses to
questions concerning
frequency of milk
consumption at
various stages of
tife

estimated at yzar
1 and year 3 by a
food frequency
questionnaire in
which women
recorded the
frequency of
consumption of
various foods
known o be common
securces of calcium
At year 1, calcium
intake was also
assessed by 3-day
food records that
were documerited by
nutritionist and
coded according to
the USDA handbook

who reported high
“Lifetime™ calcium
intskes
Conzidering
calcium and
estrone together
revealed an
additive
relationship
between the 2
factors, in that
women with high
estrone and high
calcium {evels had
significantly
greater bone
density than wemen
with less calcium
and o estrone

Reference
(author, date) Study Design Number and buration of Source and Dosage of Test Base Diet Additional Other Fartors fesulrs Coment-
Description cf Study tdentity of Material Used Treatmenis Affecting
Subjects Test Material Interprezation of
Data

‘Cauley, J. AL, Purpose: To examine 174 postmenopausalt 3 years Habitual and None Calcium intake None of the Bone measures were iLiteie

et al., 1588 the interactions women Chealthy) life time by food participants was assessed with a relationship found

(Ref, 36) between normat All participants caleium frequency receiving estrogen computed betuween andeogen
levels and calcium wWere in a 3-year intake me tiod: therapy at tomographic hormones and
with cortical bone rardomized 25th basetine scanner in the radiat bone
Researchers combined | clinical triat percentile: dominant radius at density
factors for the designed to 407 mg/day a site three Estrone levels
development of peak evaluate of - SGth tenths of the were independently
skeletal mass (milk watking in percentiles distance from the related to radiat
consumption during postmenopausal 684 mg/day wrist to the elbow | bone density
childhood and loss 75th approximately one Examination of the | menopauze
adolescence) with percentite: month after” +he relationship of
factors that may be 942 mg/day annual cliric caleium intake to
related to the Mean daily visit bone revealed a
maintenance (serum calcium intake Current ealcium protactive effect
kormone levets and 768 mg/day intake was solely in women
dietary intakes of

20,069

A [ 62 0N ‘0% "jOA [ 1835180 [e1ope
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Talite 1--continued

Reference Study Design Number arcd Duration of Scurce and Dosage of Yest Bave Dict Additi Restlon Lo
(authar, date) Description of Sty ldentity of Material Used Troatm
Subjects Test Material ion of

Dauson, Hughes, Intervention 301 healthy 24 months Placebo 500 my/day Assessed by None rifectivences of Wamen in early

et al., 1950 placebo: postmenopausal micro 500 my auestionnaire catcium mencpause (oSt

(Ref. &6) Controlled women crystatline elementat initially ard supplenerntaticn bone from spine
Oouble blind Early cellulose calcium every 6 months 35 affected ny and this rapid early
Randomized postmenopausat calcium 500 mg By design half years since rate of loss was pestmenopa. i<
Measured: n = 67 carbonate elemental selected had mNopause not affected by unresponsi -3
Bone mineral density { sverage = 54.5 Catcium catcium habiztual Tharefore data caleium calcium
of spine ard femoral years citratemalaté all tablets calcium intakes analyzed supolementation supplem2 ~
neck by DPA year pm = 3.2 (CCM) of: senarately for: (500 mg calcium) Wamen in late
Biochemical markers Sub-Groups Depending on (1) < 4C0 (i} Menopause in from any source menoDause, <e
of calcium High Caicium, habituat mg/day {ast 5 fewer Women in late habitual czlz s
homeostasis n =124 caleium (2) 408 to 650

Low Calcium, n =
12

Late
postmenopausatl

n = 169

average = 59.9
years

intake, women
were
randomized to
3 treatments
Thus, 6
treatment
groups total

mg/day

years (accelerated
rate of a bo
loss)

(2) Mencpausa
more than 5 years
aga

Time of day of
supelementing
(before bedtime)
may have produce
different effects
betwean calcium
carbonate and CCM,
since calcium
carbonate is
abscroed better
when csnsured with
a meal

renopause, the
rate of bone Loss
wzs less rapid in
those with highgr
habitual calcium
intakes snd thers
w2re ro
differences in
bone density among
treatmant grouss
at any site

ALl tate

pes tmenopausal
women had
significant bone
loss from the
spine, except
those witn a lowar
havitual caleium
intake who
received CZK

Fcr those on & iow
dietary calcium
cier, CCM
significantly
decreased the rate
of kcne minsral
loss from the
spine, femcrag
neck, and radius
Calcium carbeorete
decrezsed bone
less only at
femeral neck and
razius,

intake is inss
than 438 mg s
reduce their b
loss by

increasing their
calcium i-tena 12
239 mg/da
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Table 1 continued
Reference Study Design Number and Duration of Source and Dosage of Test Base Diet Additional Other fattors Resylts Comments
(authar, date) Description of Study Identity of Material Used Treatments Aftesting
Subjects Test Haterial intefpretation of
Data
Desai, S., Cross-sectional 60 normal Kore Habitual Hone Hone Subjects had no None tone density at Dietary data fron
et al., 1987 Measured: premenropausal 30 calcium other factors eny site dig not a 3-day record is
(Ref. 48) Bone mineral density | to 40 years of age intake kncwn to alter correlate with not sufficient
by DPA of the tumbar Average age = 35 assessed from calciun or bone calcium intake, estimate of
vertebrae 3-day diet metabolism &ye or calorie habituat catcium
Estimates of calcium history intawe intake
intake made from Average = B683 Ko measurement of
3-day diet histories mg/day physical activity
via computer Range: which may have
software package 278 to 2064 _ been an important
mg confounder in
calcium/day this age groun
Fujita, T., Cltinical trial: 12 test subjects 24 months Oyster shell 900 g of Hospital diet No record contrel Differences in Radial bore Study flawed by
et al., 1990 Non placebo Asian female > 70 electrolysate calcium as OSE consumaed by alt of physical physical activity mineral density large percentage
(tef. 553 Controlled year age, normal (0SE) subjects activity may. have increased of attrition
Not blinced except for Contained about contounded the significantly in attributed to
Not randomized osteopenia 600 mg/day resufts subjects consuming their age (>70)
Japanese study expected for age calcium
Measured:

Radial bone mineral
density by single
photon
absorptiometry and
spinal trabecular
bone density by
quantitative
computed tomography

20 controls age
matched

All subjects in
geriatric hospital
ALl subjects in
tate menopause

It remsing umclear

the OSE catcium
and Gecreased
significantly in
the entreated
controls

Ko change in
spinal bore
density in either
calcium treated or
untreated controls
Concluded that in
late menopause had
positive response
of rortical but
not canceltous
bone to catcium

supplementstion
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fable 1--continued

Reference Study Design Number and Curatien of Source and Cosage of Test Base Diect Addition Crthee factors Ragults Covrpee -
Cauthor, date) DLeseription of Study Identity of Katerial Used Treatments Aifactirg
Subjects Test Material Intarpretation of
Halicua, Cross-sectional 181 premenopausal None Habitual diet Diet assessment Physical activity ALl meropausatl An intesmediate oy
et al., 198% Measured: bone wemen aged 20 to Catcium included assessment, used a WOMEN, OF woman kigh (ifetime
(Ret. o0) mineral content and 50 mean age, 3 to intakes for current, past Guestionnaire to with atnorpal nointale was
bone mineral density | $ years current, and lifetime establish: menstrual cycie ciated with
of the nondominant All Caucasian past, and calcium intake Current activity excluded significartiy
arm at the distal lifetime Used a Past activity higher bone
and mid (2/3) radius classified quantitative Lifetime activity mireral density
by single-photon as; Low, food frequency with each ard content 2t
absorptiometry (L500 mg/day) questionnaire ctassified as: toth distal and
Intermediate based on a 1 sedentary, midradius wien

(»500 mg and
<800 mg/day)
Righ

(>800 mg/day)

wezk intake
Validated on a
subset of 20
women on a
3-day dietary
intake record
{r = 0.52
Between the 3
methods)
Similar
quantitative
food frequency
questionnaire
used to
determine past
ard both
current and
past intakes
were used to
estimate
lifetime
calcium intake
Appears to be a
carefully
conducted
procedure
condducted by a
trained
professional

moderate or active

was a1,usted

for physical
activity

Simitar findings
wore otser wWoen

data was a7 uited
for calciun intake
Thus, lifetime
kign calcium, and
active level of
exercise was
associatad
hizhest ra

apay
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.able | sront nued

Reference Study Design Number and Duration of Source and Uosage of Test Base Diet Additional Other Factors Results Comnenis
(author, date) Description of Study ldentity of Material Used Treatments Affecting
Subjects Test Material Interpreration of
Lats
Holbrook 1., Prospective 957 white upper 14 years Dietary Range of Use 24-hour Alcohol, age, Hore Kip fractures werc Weakest point of
et al., 1988 cohort middle class ) calcium usual | estimated recatl, weak obesity, sex, usualiy study was method
(Ref. 72) subjects, aged SO intake caleium intake: | method for smoking, exercise, proportional to
to 79 years (4156 estimated not given estimate of

meri, 531 women)
sub-sample of
cchort of 6,155
inciuding all
hypetlipidem (a
15% random sample)

from 24-hour
diet recail
taken in 1973
to 1975 and
quantified in
1985

calcium intake

estrogen
replacement

calcium intake in
both sexes
therefere pesitive
effect associated
with calcium

33 hip fractures
(male 15 arvi
female 18)

mean caleium
intake:

mg/day

Ken with fracture
= 305.9

Men without
fracture = 384 9
fenmales with
fracture = 319.8
Females without
fracture = 491.3

particulariy
sirce the aata
were collected 10
years prior to
analysis

Study was
weakened by small
sample size
Unresolved issue
s to whether
calcium effect is
preventive after
50 years of age
or is the
therapeutic end
resclt of
hzbitual hig
calcium irtake
thus affecti
peak bone mans

crily
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Tabte T--continued

Reference Study Design Kutber and Duration of Source and Dosage of Test Base Dict Acditionslt r facters Resuits
(author, date) Description of Study Identity of Material Used Ireatmants Attecting
Subjects Test Material Interpratation of
Gara
Kanders, 8., Non randomized 60 women Hone Lifestyle None Hean calcium: Exercise Nane #ighly signiticant
et al., 1988 Cross-sectional eunenorrheic, variation 871 mg/day monitered: Erergy correlatian
(Ref, 78) Measured healthy normal age with regard Range: Expernded: Average etwesn bore
Bone mineral mass by 25 to 34 years old to habitual 286 to 2,128 Kcal/day = 950 mineral dersity of
SPA 1/3 radius site calcium Only one Range: the lumbar spine
Bone mineral density intake

of the tumbar spine
by DPA

subject avoided
dairy preducts

286 to 2,123
€xamined

ard overail level
of chysical

1

e

3,

17 were taking statistically as: activity
Physical activity calcium <970 kcat/dey radial bore physical
measurement. via suppt ement >970 kcal/day density showsd no and optimal
Minnesota Leisure

users for 3 : correlaticn 1o

Time Activity years physical activity
Questionnaire ard only a modest
Geily walking by a relations to
7-day pedometer calcium intake (consolida
recording which was Data ivplies en
Nutritional statistically of cptimal caicim
assessment by

czicium n
during the
of skeleral
maturaticn

significant intake betwezn
24-hour dietary Statistical 850 to 1071 m1 2f
recal { with food cowparisen made [SE
models and a

after the group
divided at the
for calciun of
BIQ mg/dey both
vertebrzi and
radial mireral
were significantly
greater in those
with high calcium
intake

The mean spinat
borne mineratl
density was highly
significantly
different between
women with the
bighest czicium
inta i
physical wity
L L, relative 13
those who were

prospective 6-day
record to yield a
weighted 1-day
intake

ALl women were
within 20% of ideal

body weight

Lower caicium

intake.

-Rere mineral

dersity of tha
spine aid rox
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Table 1--continued

Reference Study Design Number and Duration of Source and Dosage of Test Base Diet sdaditional Qther Factors fesulty Comments
{author, date) Description of Study Identity of Material Used Treatments affecting
Subjects Test Material Interpretation of
Data
Kelly, P. 4., Cross-sectional 48 normal men (age Mone Dietary Range: 0.3 to Not specified None Kore Gietary calcium Strengths:
et al., 1990 Heasurc;d: 21 to 79, median calcium 1.7 g/day (from intake was Aperopriate
(Ref. 82) Bone mineral density | 443 assessed from | figure 1) significant apolication
of redius by single questionnaire predicice of bone stepwise ! oo
photon . validated mineral density of regression |
absorptlot!\etry and against 4-day axial bones, Liinitations: i
lumbar spine and hip dietary explaining 24X and | Specific diet ot .
by DPA to assess record L2% of the study !
relation between variance at the participants not
bone mineral density lumbar spine and described
and: . - femoral neck, Level of physical
Dietary calcium respectively exzrtion mot
intake R This effect was discussed, may
Anthropometric independent of present as
features weight confounder
Age - In contrast with
Serum sex hormone the axial
level skeleton, bone
mineral density at
each forearm site
was predicted by
weight and an
index of free
testosterone but
not dietary
calcium intake
Lacey, M., Cress-sectional 178 Japanese women None Habituat Hone Habitual diet None Physical activity Current calcium Assessment of
et al., 1991 Measurcd: living in Japan dietary assessment Medical history intake was not past calcium
(Ref. 86) Hid-radial bone 89 premenopausal intake carried out on and anthropometric | gssociated with intake in these
mineral content and women (35 to 40 3-day food measurements were bore indices on very elderly
bone density by years) diary taken to determine either pre- or ladies was
single photon 89 postmenopausal interpreted by influence on bene postmenopausal confounded by
densitometry women (55 to 60 American status women provate food

years)

interviewer
using Japanese
computerized
nutrient data
base

A quantitated
food frequency
questionnaire
was used to
assess calcium
intake between
14 to 22 years
of age

Vegetable intake
ard current milk
intake wers
positively
correlated with
mid-radial indices
An important
finding since both
are calcium rich
foods

restrictions
imposed curing
W1 when many of
these women would
have faced fuod
restriction
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1 1 o
Reference Study Design Nurber and Puration of SO ee ard bDosage of lest Baze Diet t 1 H Eesulte H Lo
(authar, date) iption of Lty Toentity of mat Usax o ; | i
Subjects Test Marerial !
Lufl{ J.: Cross-sectional 37 with mothar- None 3-day dietary Nong None & mathers ond U5
et al., 1990 Measured: doughier paics intakes Ghtecs wel e record b 9
(Ref, 9L Yore mineral content eged 52 ¢ 7 years arsessed Y nioté o~
of (hg luibar spine and 25 + & years Ggietaiy relaced witn 3 [=%
and right proximal Mothers contribution = miner al 2
vemur (femoral neck prevenapaus st netably wgtiters (no= 13 WSty sites for . b
arxd trochanter) by n = calcium averaged 3405 the daugnters, bat STty w3y o H E‘.‘
chial -photon Pos tlenopaus at Kean calcium Fds hE thawed by Over i
° 2 ) ° A ™/ day ¥
absorpcionscry @ = 17 incakes: This way have fnterpre -~ i =
mother = 1902 confourkdid The . the $iredis i )
ng/day stinty LA : 3:‘_.
daughters = Arather confoweter calium [
218 mg/day suy be tha Ine methoa . ‘:;"
13 mother i hetercgeneity LERIA e i =
BGY wy/day the subjects U3 eI Mmate g —
7 Jdaughters rAPELY LU U nalitas i
bad <800 &ge and mend B irtare <
wa/day STaty -
Erxclusicn or 5 Fd
i lectivg i ;
included estrogarn | : b
atrecy bore - o Z
. . . N . hi i
Matkovic, Calcium intervention 3¢ adclescent 2 year Subrjecrs ROTE BrATistICal KO Edjustmeny i
et al., 1990 JLorgitudinal trial fensles healthy 14 stravified into 5 5 the nigh awde for physical o o8
{Ref. 97) Measurad: years old ar onset 2 groups: Vg O stivicy [| {f_
Calcium balarce aunenorrheic Yooplemental Coraret e poalsd since N 2 difre: ences i -
Radiogrammetry of 18 of these caleium from no= § <8BS mg el e CUNSUL Ny U berween the tuc B s
the haid participated in either milk calejum/day and 24 weaks tinher caloiuam Yroups which day It -
Single photon the balence stady of caleium initially with intake wai have & it p
sbserptiometey of carbonste G contirued sEre tre same chser vid ovar I confou 3 i
distal radius &verage incake i the effect Ii =
bPA of the lunbar of G omg Very ai e M =
spine calciuw/aay STy desiin e B =
Caleium TOLL G e I ks
Suppi smented srical corselied (=i
itk groop L Lo v H =
o= 93 <39,90% dntoin eris st : 2
ol of milk/day of $ for tre W N
Caleim iwret arg i 2
3ale Group :
«
H : ~
H : ey
. =
i H =
i ! oy
! ! <
i i v -3
i i [
H 1 ! ~3
| : i : H .
H : imvake i =
‘ i ! i : : =
! ! ! ; i : { .
i ! i | t i i -
.
Ll
. )
~5
fos]
<
-
)
-
<
[+
~
Ll
”~
=
=
s
£
<
(=
N
-
(311




Table 1--continued

Reference

Study Desien -

Duration of

Source and

Dosage of Test

Base Diet

Additional Other factors Resulty Corments
fauthor, date) Study Tdentity of Haterial Used Treatments Affecting
Test Material interprecation of
Data. ~
S1ezefs, R.. Longitudinal 200 to 300 White 2 yzars Normal diet, Dietary calcium Normal diet Mo specific Study of effects
et at., 1o

(Ref. 98)

observation over a
2-year period
Oual-photen
abserptiometry of
Lisbar spine ard
Single-photon
abscrptiometry of
the standard one-
tiird radius and
distal radius sites

premencpausal
women aged z0 to
39

AL were
ambulatory and
free of current or
previous chroaic
diseaze or
medications krown
to affect bone

content
assessad from
several;
24-hour
reporting
periods over
the tuo years
using
precedad
Hutrient
Adequacy
Reporting
System

intake 909 +
351 mgsday

treatments

of ane, dietary
intake, physical
activity, smoking
and birth-control
pitls on bone
minzral density

There was no
association of
calcium intake
with bone mineral
density or changes
in bone mineral
density

Lureent calcium
intake was not a
significant
influence on bone
snd mineral
density in this
age group

No apparent
additive
interaction of
sczivity and
caicium intake on
bone mineral
density

Body weight was a
better predictor
et bone minerai
density than was
any ether factor
Ho association of
bone mineral
density or kons
minezral dengity
changzs with
calcium

Appropriate
analysis of data
using lirear and
miitiple

2nd methoos
weat, usad
reliabie method

et 24-hour resalt
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e 1--continued

Rafererce

Study Design

Numbar ared

Duration of

Source and Dosage of Test gase Diet Additionat Dther : Be
{author, date} Description of STy identity of Materiatl Used Treatments Attectd ;
Subjects Test Material Interpretstion of
Cate e,
MzCulloch R., Cress-secticnat 101 healthy normal Hore Chilchood None Dietary Exclusion criteria Hore There was g s
et al., 1990 Random selecticn females 20 to 3$ mitk information included: covpetency of wne
(Ref, 993 Heasurad] years old cofsunption determined from menstrusl correlution Sietury caloigm
Cancailous bone Current a questionnaire disfunction, e uwesn Caleium P2
density of tha os dietary &S way kidrey disense; intake and booe
caleis using calciun assessment of ete. density ¢f the 03 wrtecea
conputed tomography intake chi ldhood catcis Diet wod catoiue
Avocational physical intabe anaty=<is,
Physical activity @ vury eidk o o0.rt
activity Cuestionnaire . in boma § oof this srul,
Various was

Lifestyte
variabies,
e.g., smoking
Range of
Current
Calcium
Intake:

150 to 1560
ing/day

readninistered
10 weeks later
and
discrepancies
resolved
Current levels
of physical
activity and
calcium intake
&lso evaluated
by a8 2-week arxd
1-week recail
check test
Limited
explanation
given for this
check test

of the o3
calvls of sumjects
grouped accordisng
to seit
classitications
Righ, Mmudzrate ar
Cca Chilchowd mi
COfNSUIme 3
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Table 1--continued

Reference

Study Design Humber and Duration of Source and Dousage of Test Ease Diet Additionat Other Factors Resulty Comne
(author, date) Description of Study identity of Material Used Yreatments Affscting
Subjects Test Material Interpretaticn of
Data
¥elson, M, Prospective clinical 36 postmencpausal 12 months Kilk with Kone Usual diet, €xercise which Pussible Bone minerat teil cantrellad
et al., 1991 trial, Caucasian women kigh calcium instructed all included walking 1 differsnces in sity of the and well i
(Ref, 102) Double-btind, All » 2 y content 831 subjects to mile per day 4 dietary content of measurzd by study examin:
placebo controlied, pestmenopause

Randomized for
dietary, variable,
Assigned according
to preference to
exercise training or
sedentary

Measured:

Trabecular bone
density of Lumbar
spine (L1-13) tw
computed tomography
(QcT)

Femoral -pack
(nondominant) and
Lumbar spine (L2-14)
bone mineral density
by bPA

Sone mineral density
of the shatt of the
nonduminant radius
(1/3 distance) by
singie photon
absorptiometry

Total body calcium
by delayed gamma
neutron-activation
Various measurements
of muscle strength,
aerobic capacity and
body filuid analysis
for hormones
elecirolyt

Average = 10.8
year

Average age = 60,2
ALl « 130% ideal
bedy weight

ng
calciumsday
Moderate
caicium milk
drink-placebo
artificial
milk 41 mg
calcium/day

consume §90 mg
calcium/day
through
inclusion of 4
servings of
dairy products
per day

times/week for 52
weeks or

Sedentary no
scheduled routine
exercise but were
allowed weekend
recrestion

4 Groups
desigriated as:
Exercisze, moderate
diezary calcium
n=9

Sedentary,
moderate dietary
calciunm

n=9

Sedentary, high
dietary caleium
n=9

Vitamin 2, pretain
and phosphorus
oroups giffered
initially only by

creased 7%
sntary groum
ang increase in
rxercise group by
G.5% (p = 0.028)
but calcium intake
had no significant
effszt

Femoral neck tone
mineral de
measurad by
decressed 1.1% in
moderate calcium
groun and
increased 2% in
high catciun aroup
(p = 0.814) and no
significant effret
of exercise

do rhange in
hormone or urinary
metabolism
observed with pry
treatment

more than uei
enioains
Imposrent finsing
wis thal g :
varying
proportion ani
raves of hone
turnover of
cancellous and
cortical bene at
wirious skeletal
sites, exerci
ond dietery
culeium may
preferentiaily
i

fal at thece
differant sites
Findi confi
previous studic
showing cale
ta affeny
cortical bora but
net cance! oy
bone

Uimit power of
sty sinae
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Table 1--continued

Reference
(author, date)

Study Design

Rurber and
Description of
Subjects

burarion of
Study

Source and
Idantity of
Test Material

Dosage of Test
Material Used

Base Diet

Adctivicnal

1

Other Factors
Affacting
Interpretation sf

a

Coupen s

Picard, D.,
et al., 1508
(Ref, 111)

Cross-sectional
Observational
Measured:

Bone mineral content
of the spine by DPA
and of the forearm
by single photon
absorptiometry

183 women, aged 40
to 50 average age
= 43.8 years all
normal heaithy
with regular
menses

None

Range of
histerical
intake:
High > 1C00
mg/day

n = 38
Medium

500 te 1200
mg/day
n=7s

Low < 500
mg/day

n =7

Historic and
habi~uat
calcium intake:
Averaae calcium
intake at age
20 = 576 mg/day

Diet history
taken to
determine
intake at age
20

3-day food
recal{ to
verity calcium
intake

Estimates of
caffeine, alcohol
intare, cigaretis
Smoking, exercise,
estrogen use, and
parity =ere atsa
nade

Homcgenasus
pepualation of
French Canadian
wonen, geographic
and racial
differances were
minim‘ zed

Significant
positive
correlations wore
acted betwenn the
bone macss
Feasurement at the
and forearm
and weight, height
ard calcoi i

ium intere
at age 20
Sigrificant
dif{erences were

observee betwonn
"

the low and »i
caleium intae2

for tma
mean atiusted ¥
minerai content 3
both si
Conc
Chronic caiciun
intare has a
significant erfnct
on {urbar bone
mazs indices in
premenopaut al
e

Study did mot
indicate whether
the etfect of
calcium intarg
was on tre
formaticn cf
maximal posc bane
mass cr on
siowing the rate
Nt bone tos
miglife
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Table 1--continued

Reference study Design Number and Duration of Source and Dosage of Test Base Diet Additional Other Factors fesults Comment s
(author, date) Description of Study ldentity of Haterial Used Treatments Affecting
Subjects Test Material Interpretation of
Data
Polley, K, J., Prospective Postmenopausal Initiat 9- Group 1: Group 1: Group 1: Group 2: Diet Sodium Bone mineral Poor or
et al,, 1987 intervention with women <45 years month Reduced None 709 mg calcium Subdivided into Content content questionable
(Ref 113) consecutive and old control sodium Group 2: Group 2: dairy products + Group 1: Ho significant compliance,
concurrent controls 3 treatment groups period Group 2: 450 mg calcium, 711 mg calciun salt restriction 1827 mg/day differences in especiatly in
Random assigrnment to | 210 completed 9-months of Increased dairy Group 3; Dairy products Group 2: forearm mineral control group
treatment 52 strict the dairy foods Group 3: 714 mg calcium only Restricted 1803 content for any Confusing design
Measured forearm controls, 122 not treatment 1250 mg/day 1000 mg Average for mg/day 2103 treatment or with too many
mineral content by able to take (total Group 3: effervescent treated Group 3: subgroup, variables
single photon supplements, duration 18 diet ¢ 1000 tablets of 711 mg calcium (+ calcium) initially Unexplained
absorptiometry 136 treated months) mg calcium as | calcium Untreated 2422 mg/day Rate of Bone Loss significant
sandolcal gluconate, controls 717 mg - The difference reduction in rate
total diet lactate and calcium between of bone lass in
content: 1700 | carbonate pretreatinent and strict controls
mg Untreated after 9-months ot between period 1
Untreated controls calcium was and 2
controls None significantly Questionable
None

reduc

Caicium treated
women had a
greater reduction
in the rate of
bone toss, but it
was not
statistically
different from the
untreated strict
controls
Comparison of
women within 10
year of menopause
showed a
significantly
different
(reduced) rate of
bone loss in both
the calcium
supplement and
dairy product only
group, relative to

inclusion of
noncompl tant
subjects in
control groups

untreated control,

82409
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Tabte 1--cortinued

1
Reference* Study Design Nunder and buration of Source and Dosage of Test Baye Diet Additional Other Faciors Pesulty CowRTanTs ’\i
(author, date) Description of Study Tdentity of Katerial Used Treatmants Affecting i
Subjects Test Material Interpretaticn of 1
Cava i
Smith, €. (., Double blind study 169 women aged 35 4 years 0s-Cal 500 1500 mg Usual diet for Kone Subjests excluded Bore mineral Caleiun .
et al,, 1989 of effects of tc &5 years (Marion Labs) calciun/day was each frem study i€ they cortent and bone sunplementation
(Ref. 123) calciun carbonate Subjects recruited Each tablet desired goal participant had @ history or centent/Width loss counteracted a
supplement on bone from gereral contained 500 Less was current diagnosis rates were large portion cf
toss population of mg elements | actually of csteoporosis, consistently lower the adaitional
Random assignment to Madison, Wl calcium in achieved

treatment or control
groups

Bone mineral content
and width measured
bilaterally on the
radius, ulna and
humerus
Single-photon
absorptiometry used

form of
calcium
carbonate

ralignancy, and
any other
cendition krowr: to
have major effect
or calcium

s

metabolism °

in treatment than
in control
sibjects

Loss was
significartly
reduced in ths
{eft and right
humerus and right
radius

In premenngausal
women, only tLeft

{css was
significantly
reduced by calcium
supplementation

In postmencpausal
women, bone
mireral conrtent
and bone mineral
centent/width bore
loss reduced
i all 12 of the
bone variables
measured, 5 at
>0.01, and 2 2t

bore toss
attributable to

P< 008
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Tabte 1--continued

!
|
Reference Study Design Nutber and Duration of Source and Dosage of Test Base Diet Additional Other Factors Results Comments k
(author, date) Description of Study ldentity of Material Used Treatments Affecting
Subjects Test Material Interpretasion of
Duta
Stevenson J. C., Cross-sectional 59 healthy 12 months Calcitonin: Synthetic human Dietary intake See study design None of the women Mo correlation was R2sults of thisg
et al., 1988 16 women placebo pcstmenopausal Ciba-Geigy calciton-20 1U of calcium taking any other frund between ctudy suggest
(Ref. 124) group epplied women most of whom Estradiol: 3 times/week by | assessed by drug known to current intake of that the bene
inactive gel 5 grams were within § Basins- s.c. injection questionnaire affect calcium calcium and either density of women
daily throughout the years of menopause Iscovesco Estradiotl S

study to the skin of
the abdomen and
upper thighs and
took 3 inactive
tablets daily for
the first 12 days of
each calendar month
38 women in
treatment group took
either synthetic
human calcitonin or
percutaneous
estradiol together
with oral
progesterone for 12
days each month, or
both

Volunteers Median
age 55 years (37
to 64)

and interview

grams daily Dietary intake

Progesterone of calcium

300 mg/day before
treatment 530
mg (lower

quaritle) and
1564 mg (upper
quaritle)

metabel ism

total calcium in
the body cr the
density of
trabecular of
cortical bone in
the forcarm or
vertebral
trabecular bone
Oietary intske of
calcium did not
influence the rate
of postmenopausat
bone loss in the
54 women who
completed 12
months of active
or placebo
treatment

Even when extremes
of calcium intake
were examined, no
difference was
found in bore
neasurements
betwcen the women
with the highest

in the early
menopause is not
influenced by
current dietary
intake of calzium
Weak dietary
cata, determining
calcium intake

snd lowast intake
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Table 1--continued

7
Reference Study Design Number and Duration of Source ard besage of Test Base Diet Othsr Factors Results ”
(author, date) Description of study Identity of Material Used Affecting !
Subjects Test Material interpretation cf
bata
Stevenson J. C., Cross-secticnal 284 White healthy Cross- Dietary bietary calziun An estimate of Hone of study Peak acult Lone
et al., 1_939 study of bone women-voluntzers sectional calcium astimated mean dietary calcium sarticipants was densivy had been
{Ref. 125) density measurements ages 21 to 68 study intake calcium intake intake was taking any druzs artained soon
of vertebral and Included 112 assessed for derived form known to influence after the erd of
proximal femur using | premenopausal premenopausatl the current bene or caleium tinear skeletal
DPA women

Possible predictors
and risk factors for
bone density were
assassed in study
participants

women was 598
9/day, while
for

postmenopausal
women it was
619 g/day

consumption of
diary products

metabol ism

growth
Thereafter, there
was some daciine
wWith aze in the

proximal, femusr,
bt the

il sites
reisted to tn»
NeNOPAUS Y

Otker faztors
decreasing nonz
density, and thus
increasing rish
for ostecpsrosis
(low pody weiant,
alechol arg
cisarette
ensumption,
nuiliparity, lack
of pravicus wse of
oral
cenvraceptives,
and lack of
reguiar exercise;
seame? tc Le
imgortant

Nutie, however

could precice

risk for

ostecparceia,
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Table 1--continued

Reference Study Design Number and buration of Source and Dosage of Test Base Diet Additional Other Factors Results Comments
(author, date) Description of Study Identity of Material Used Treatments Affecting
Subjects Test Material Interpretation of
Data

Tylavsky F., Cross-sectional 287 omnivorous Kone Habitual Quantitive food Current calcium Factors known to Smoking, elcohot Bone indices were Question the

et al., 1988 Used multiple postmenopausal intake from frequency intake: affect bone use, parity and in generat accuracy of the

(Ref, 128) regression model to women omivorous questionnaire Average density excluded lactational positively quantitative food
assess effects of 88 lacto-ovo- and lacto-ovo used to omnivores: subjects from experience was influenced by body frequency
current calcium, P, vegetarian vegetarians estimate usual S02 + 21 mg study, e.g., long- also determined mass index, and questionnaire,
and protein intake postmenopausal (16-year and past calcium/day term and differed dietary protein however, authors
on bone indices women miniman calcium intakes Lacto-ovo-~ irmobilization, between the intake and did validate it
Measured: All Caucasians duration of Adninistered by vegetarian: hyperparathyreidis omivorous and negatively against a 3-day
8one mineral content tacto-ovo- a trained 823 + 48 mg m etc. tacto-ovo- influerced by oge food record for
and bone density at vegetarian interviewer calcium/day vegetarians . and dietary 20 adult women
the mid and distal diet) Validated The 2 groups alsd phosphorus
radius using single against 3-day varied Current calcium
photon densitometry food record

significantly by
their age, weight,
body mass in diet,
lean body mass and
parity

Groups did not
differ in number
of subjects using
estrogen, alumirm
antacids or

magnes fun
Omivoraus women
had a greater use
of thiazide
diuretics that
conserve calcium
shich may have
masked true
differences in
bone densities

intake had no
sitive effects
on bune indices
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Table T--zontinued

; ! cortical bor Loss
L [ in zarly meropausy

T
Raference Study Design imber and Puration of Souree and Dosage of Test pddizionat i 2 Lormrnis K
{author, date) Deseript o Study {dentity of sterial bsed Ireatments !
Subjects Test Materiat : i
Van Beresteijn, & Lomgitudinal study 154 perimer 8 year Habituat Dietary calcium Rame ¢
et al,, 19 Measired: women 67 followmun calcium intake catcium intake i 3
{eet. 13 Bone mineral content | 94 post-merupausal study tntake deterrined by vis estimated were rage vnich
of distal third After the 3ih 3 Groups: cross-check may v P decreesed aver
rondominant radius year, all wemen < 800 mg/day distary history confounding facter § rime 1n all groups i
Szrum electrolytes Mere postmencpause {n = 28) rethod omery with The rate of bone i
end caleitropic 200 to 135 sizniticantiy H 3 b
hormone Levais mg/day inwer habite diffar fi
{n = 533 1380 calcium intske signi¢icantiy : i
mg/cay x.‘etuee{‘ SrouUGs H :
(n= 31} 8ene mineral :
centent/Rone width : i
§ i
i .
! i
irtake i i
Concluded: i v
Habivual esleoiur i
intase exceeding H
i |
H 1
i i
i H
i
L
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Table 1--continueg

radius determined by
single photon
atsorptiometry
One-time measurement
of bone mineral
content of spine and
femoral neck by DPA
Rate of bone ioss at
radius extrapolated
to spine and femoral
neck,

diary derived
in Dutch
population
sed Cross-
check dietary
history method

was correlated to
habitual calcium
intake

Body mass index
had a protective
effect on corticat
bone but met
trabecuisr bone
LoncLudad;

cantent of the
arperdicular and
asrial skaleton sre
net related teo
caicium intake
Lorgitudiral
measurements of
wortical hone mass
are of Limited
waiue in
predicting bore
denzity of spine

phase may
decrease the rate
of loss of
carcellcs bore
mass

Question the
aopropriatenass
of conbining
tongitudinal
£ressesentiong!
data and
extrapolating
from one data set
to srather

Weak dietary
cium estimates

Reference Study Cesign Kumber and Duration of Source and Dosage of Test Race Diet Additional Dther factors Tomene
{suthor, date) Description ef Study ldentity of Msterial Used Treatments Affecting
Subjects Test Material interpretation of
Data N
Van Beresteijn, €., Conplicated: 60 normal healthy Longitudinat Habitua! Range of Habitual Wone Ko activity Vith Univariate Study results gy
et al., 1990 Long\tudipal postmenopausat component, calcium calcium intake: calcium intake assessment, may be | analysis, neither not rule cut i
{Ref. 1313 Nonrandam%ed women 3 to 1§ 8 years intake 560 to 2,580 estimated as @& a confounding cortical bore possibility that ¢
Cross~se§tlonal years post mg/day average mean of 8 factor {radius or temoral high calcium i
Observationat menopause average calcium intake annual dietary neck) or intake in eariy
Measured: = 7.7 years 4 = 1132 « 401 intake cancelious (spinej postmenopausal i
Bone loss at the average age = &1 mg/day estimates, 75%
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