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susmmMARY: The Food end Diug
Administration (FDA) is proposing n:t
10 authorize the use on foods, incleding
dietary supplements, of health claims
reiating to the assnciation between zinc
and immure function in the elderly. FIDA
has reviewed the scientific data in
conformity with the requirements of the
Nuirition Labeling and Education Act of
140 (the 1992 amendmernts) and has
tentatively concluded that there iz not a4
sufficient basis to support the use of
health claims relating to this topic. The
agency's examination of publicly
available evidenca revealed that 4
specific protective role of zing
supplementation of the elderly
population has not been demonstrated.
Although some small clinical studies
suggested such a ralationship, these
results were net substantiated in
subsequent research using better study
designs and larger samples.

DATES: Written comments by February
25, 1992. The agency is proposing that
any final rule that may issue based upon
this proposal become effzctive 8 months
following its publication in accordance
with requiremente of the Nutrition
Labeling and Education Act of 1990.

FOR FUATHER INFORMATION CONTACT:
James E. Hoadley, Center for Food
Safety and Anplied Nutrition (HFF-288],
Food and Drug Agministration, 200 C St.
SW., Washingten, DC 20204, 202472~
5104.

SUPPLEMENTARY INFORMATION:

L Background

A. Nutrition Lobeling and Educetion Act

of 1999

On November 8, 1589, the President
signed into law the 1990 amendiments
{Pub. L. 101-535), which amend ths
Federzl Food, Drug, and Cosmelic Act
(the act}. Section 403(r} of the act (21
U.S.C. 343(x}) authorizes the Secretary of
Health and Human Ssrvices and FDA by
delegation {0 issue regulations
authorizing nuirient content and health
clainis on the lahel or labeling of foods.
With respect to health claims, the new
provisions provide that a product ig
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mishranded if it begsy
characierizes the retsianshiy
nuirient to 2 discase or bealib-related
condition, unless the caim is meade in
accordance with the procedures and
standards established under the ot {
11.S.C. 343{r){1)(B}}.
Published elsewhere iir ihis Federal

Register is a proposed rule to esiablish
general requirements for he ims

nutrients, incloding vitar
minerals, herbs, or other putritienal
subsiances (referred to generally as
“substances™) to a disesse or health-
related condition on food labels and in
labeling for conventional foods und
distary supplements. In this companion
document, FDA has teutaiively
determined that such claims would ouly
he justified for substances in dietary
supplements as well 43 in conventional
foods if it determines, based on its
review of all the pubiticly available
scientific evidence (including evidence
from well designed studies condacted in
a manuer which is consistent with
generally recognized scientific '
procedures and principles}, that there is
significant scientific agreement, among
experts qualified by scisntific training
and experience to evaluate such claims,
that the claim is suppovted by such
vvidence.

The 1890 amendments siso reguire
(sections 3(b}{1)(A}). (b)(1){A){vi}, and
(b){1)(A)(x]} that within 12 months of
enactment. the Secrctary of Health and
Human Services shall issus proposed
rzgulations to implement section 403{1)
of the act and that such reguistions shall
determine, among other things, whether
claims respecting 10 topic areas,
including zinc and immune function in
the elderly, meet the regu ais of the
act.

In this documead, the sgency will
consider whether a label or labeling
claim on # food, inchuding conventional
foods and dietary supplements, on the
relationship between zinc and immune
function in the elderiy would be justified
under the standard proposed iy the
companion documentt entitied “Food
Labeling: General Reguiremenis for
Health Claims fer Food.

EB. Zinc and Immune Functios in
Elderly: Public Health Aspe:

1, Zinc and Inmune Function

Immune function refers to the body's
defense processes to prevent and
contain infection. The immune system is
composed of lymphoid, thymus, and
bone marrow cells. Poor nutriiion {for
example, malnutrition consisting of
inadequate protein and calorie intake

wultiple netrient deficiencies)
inrreases susceptibility o infectic
di (Refs. 1 through 4). In addd
diminished immune function is
recognized as an adverse conseguenee
of deficiencies of several specific
utrfents including iron, zine, copp++,
magnesium, selenium, vitamin E,
vitamin C. vitamin Bs, vitamin B.e, o
folic acid. The eftect that o deficiency in
a particulsr mutrient has on immune
function in human populations is nut
well understood. Zine deficiency and
immune function have been investigatid
extensively because studies in humins
and animals have shown that zine
deficiency causes a selective
suppression of lymphoid organ weight
and abnormalities in immune responses.

Experiments in zinc-deficient animals
and humans have shown that zinc is
esgzntial for specific immune function
(Refs. 5 through &}, Immunelogical
disorders of some disease conditions
characterized by secondary zinc
defisiencies can be corrected by zing
supplementation (Refs. 5 and 7). Such
disease states and conditions include
acrodermatitis cnteropathica,
alcoholism, diabetes, gastrointestinal
disorders, sickle cell anemia, some
cancers, protein-calorie malnutrition,
parenteral nutrition with inadequate
zinc, and hypoglobulinemia. There is no
evidence, however, that immune
function in heelthy persons can be
enhanced by zinc supplementation.

Zinc is considered to be relatively
nontoxic, particelarly if taken oraliy.
However, adverse cffects, which include
impaired imnwune function, are known {0
cccur with zinc intake in excess of the
Recommended Dietary Allowance
(RDA) (Ref. 9).

2. Mechanisms and Measures of Immune
Function

and n

The immunolegic defense mechanis
mediated by T lymphocytes are
collectively known as "cell-mediated
immunity.” T. lymphocyics, a specific
tyne of white blood cell, attack and kiil
cells infected with viruses, bacteria, and
protozoa. Thymic hormone stimulates
maturation and differentiation of
immature lymphocytes into several
specifie types of functional T
lymphocytes. Thymic hormone requires
zinc for activation. Various subsets of
differentiated T lymphocytes {e.g.,
“helper”, “suppressor”, and “killer” T
ceila} can attach to infected cells and
kill them directly or can function
indirectly by releasing substances thzt
influence the actiens of other immune
cells.

Several commeon tests are used to
measure the level of cell-mediated
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rmmune fanction. In the deleyed and impreve disease resistiace. There i sullate as diveot fuod ingredients, to
cutanenus hvpuwrmtwm (D01 e once ‘h'zﬁ a balanced, complete s ( RAS the use of zine chloride
small amount of foreign sehatunas fan pendation can impreve  ar anindbaeot ‘«’u ingredient. and to

stige r‘) is injected © m!e‘ the ohiin W
vm‘

@
nermal functioning cell-nwd
immunity, a lm.d}:,f,e:d infl:
reaction develops at the
injection within 48 hou
respaense 1o the antigen is ¢
the diameter of the 'WP“ an:d
inflammation appearing at the si
“Apergy” is a term used to descrine the
condition in which no cellaadiated
allergic reaction occurs in resporse o
such antigen injecfio'i

Arohe” lvpe of test of oo i

3

pte

from bioo" samplas cmi ci
tubrs. Addition of @ small ammm‘
wiiogen (a subslance such as bacts
fragments) to the isolated lymphocyics
q%imulates functional, immn q,ompmen.

¥ ivmphneytes to divide and
I]Hpull‘?d cell-mediated iminani
indicated by a failure of the mitogen i
stimulate T lymphecyte profiferatis
The lymphocyte proliferative response
(LPR) is a measure of the rate of
lymiphocyte division in response tg a
mitogen challenge.

Zinc deficiency bas been associated
with desreased thymic hormone levels
and with a corresponding decrease of
both functional T lymphocytes and cell-
mediated immunity in experimental
animals and humans, as shown by
znergy in DCH and dacreased LI'R
{Refs. 8 and 10},

3. Immune Function in Aging

One of the physiologic chenges thut
characterizes aging is a gradual
senescence of some components of the
immune system, particularly cell-
niediated immune function (Refs. 3, 11,
and 12). The primary age related
changes in immune systers of hoth
human and experimental animals result
from gradnal thvmic atros } ;
Lh(mges in the T lymphe 4
There are age related deCFLdbES in the
tumber of blood T lymphooytes as well
as in the proportion of helper/indvcer T
lymphocytes and increases in the
proportion of immature T lymphoaytas
Accompanying the change in T ne!l
population is a functional decling in ceil-
mediated immunity as indicaied by
reduced lymphocyte proliferation in
response to mitogens.

Progressive impaiment of cellular
immunity observed in generalized
malnutrition, including zinc deficient
ztates, is similar in some respecis to the
age related decline of cell-mediated
immune function. When insufficient
protein calorie nutrition is respousible
for depressed immune function,
waproved diet may restore sueh function

: ke mv hdh nmmmi!_\: in
r,-x":)ieén-t,al orie malnourished elderiy

aAf e
fRef 13Y

funat —‘\tams of the Dhiorty

izd Slale

Beve “.’J‘ renorts have supgested that
B eldarly UL B pupulr‘tmn may be at

risk of zinc defisiency. A review of
reparis by 17 different groups
:erning zing intake in the elderly bus
iy been published {Ref. 14). The
3:.1 of dietary surveys have been
consistent in suagesting that
erly PErsons congume zine o less
thisn RDA levels. Diets reprasemative of
thuse consumed by elderly women
generally contain less dlet..uy zine than
do those for elderly mea (Ref. 15}, and
tationalized subjects generally
consume fzss zine than do perzens living
2t home (Refs. 16 and 17).

Intake of zinc appears to diminish as
elderly persons advance in age {Refs. 14
and 185 Smali studies of selected
pnpu‘ations have also identified puckets
of zing insuificiency in some populations
(Ref. 14). Additionally, the eldesty
frequently alter their dietary habits and
may also lose their appelites and reduce
their food intake (i.e., become anoretic)

For these reaseons, the elderly
popu!diiun has Leen proposed as one of
the groups which may have a high
incidence of inadequate zing nutriture
{Refs. 39 through 21). The question of
adequar\' of zing nutriture in the elderly
is one of the issues that FDA examined
in this review.

in

C. Zinc: Regulatory History

One zine salt, zing imethionine sullate,
is reguiatad as a direct food additive for
use as a special dietary and nutrient
food additive in 21 GFR 172.399.

Five other zinc salts wre listad in part
182 {21 UFR part 18] as Pnem!;_
rec d as safe ((,RAS) for use in
distary eupplements or as nu triem.s:
Zinc chloside {88 182.5985 and 182.8985],
zine gluconate (§§ 182.5988 and
182.8988}, zine oxide {§8§ 182.5991 and
182.8991), zinc stearate {§§ 182.5994 and

62.8994}, and zinc sulfate {§§ 182.5997
and 182.8597). No zinc compounds are
affirmed as GRAS in part 184—Direct
FFood Substances Affirmed as Generally
Recognized ag Safe (21 CFR part 1643
nor under part 186—Indirect Food
Substances Affirmed as Generally
Recognized as Safe (21 CFR part 186},
FDA proposed to affirm the GRAS
status of the use of zinc salts in a
document published on October 26, 1982
{47 FR 47441). FDA proposed to affirm as
GRAS the use of zinc oxide and zinc

remave zip ie nnd zine stearete
from the iis;?v 2 in pzs 1182 (58§ 182.8985
and 1225004}, For te i 128006 Nl
relatled to the salety of the compounds,
FDA propesed on August 28,1001 (56
FR 426681 to Mm iraw pre-]g«,b GRAS
p{‘(){)(,‘.‘ld!u. one of which is the use of
vine sulle,
FDA has issued « heslth fraud bulictin
;’-9rta§nf1 s to drug producis‘ including
vitamins dnd minerals, that bear claims
ﬂmi they enhance, strengthern, or
ctherwise benefit the immune systeir
the purpose of ps-m;-cn’ring or trealing any
diseasc condition. The bulletin stated
tha! such products arz drugs under
wctimt 261z 1 )B! of the act (21 U.L.C.
21238 (FDA Health Fraud Bullsiin
f\m,, 1. Inunuene Sysiem Products,
August 17, 1987}

D. Ev

«e Considered in Reachizg the

FDA his reviewed all relevant
scientific evidence on zine and immune
function in the elderly. The scientific
evidence reviewed by FDA included all
relevant studies considered in two U.S,
Govarnment documents: “The Surgeon
General's Report on Nutrition and
Health,” U.S. Depariment of Health and
Human Services. 1988 (Ref. 22) {the
Surgeort General’s report} and the U.S.
Depariment of Agriculture (USDA) and
DEHS pamphlet “Nutrition and Yeur
Health, Dictary Guidelines for
Americans” {Ref. 23). FDA reviewed
relevant studies considered in three
nongovernment ducuments: the National
Research Council's report “Diet and
Health: Implications for Reducing
Chronic Disease Risk,” National
Acadnn*v of Sciences (Ref. 24), the

Tenth Edition of “Recommended Dieta Ty
Allowances” {Ref. 25) and the Lifz
Sciences Research Office of the
Federation of American Societies of
Experimenial Biology report “Zinc and
Irsnune Function in the Elderly” {Ref,
26} {¢he Life Science Research Office
report). FDA updated the conclusions
reached in these documents by
reviewing all hunan studies and all

review articles relevant to the topics
that were published in the literature
since the publication of these
documeants.

To assura that iis review of relevant
evidence was romp;ete. FDA requested,
in the Federal Register of March 28,
1991. (36 FR 12932) scientific data and
information on the 10 specific topic
areas identified in section 3(b){1)(A) of
the 1960 amendments. The topic of zinc
and immune function in the elderly was
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among the 10 subjects on which the
agency requested information.

E. Commerits Received in Eesponse to
FDA Request for Scieniific Data and
Information

In response to the March 28, 1991
notice in the Federal Register, FDA
received six comments from fcod
manufacturers or processors, trade
associations of dietary supplement
manufacturers, national associations of
public health and nutrition officials, and
the Government of Canada. The
comments dealt with the issue of zinc
and immune function in the elderly as
well as with the goals and requirements
of the 1990 amendments. One comment
was from a private citizen, who
submitied a computer search of medical
literature. FDA reviewed all of the
documents. including letters, press
releases, scientific articles, review
articles, and recommendations included
in submissions that il received. The data
submitted in scientific articles were
included in FDA's review of the
scientific literature.

Comments from a food manufacturer
and from a trade association of nutrient
supplement manufacturers included a
recommendation that FDA iaclude
additional population greups and
additional nutrients in its evaluation of
nutrition/immune {unction relationships
for label health claims. Another
comment noted that dietary intake data
from several sources iadicate that the
zinc intake of several age groups is less
than the RDA. One comment noted that
although there is not sufficient data at
this time to support disease related
claims for the population, including the
elderly, it is important to encourage
adequate consumption of zinc.

Comments were received from two
national professional organizaticns of
nutritionists and public health nutrition
directors. These comments advised a
cautious approach to the use of health
claims on foods and suppiements with
awareness of the poteuntial for abuse
and misinterpretation of health claims.
The comments recommended that the
cornerstone for approval of a health
claim be significant scientific agreement
that the claim is supported by publicly
available evidence, and that healih
claims be evaluated in the context of the
total diet rather than on the basis of
individua! foods, supplementaticn, or
fortification practices.

The Government of Canada submitted
information that it considers helpful in
the context of increased harmonization
of regulations or standards affecting
trade in specific products. The Canadian
Food and Drugs Act prohibits
advertising and labeling of a food as a

treatment, preventative. or cure for
specific diseases and disorders listed in
the act. The Director Cencral. Food
Directorate, Health and Welfare
Canada, stated that although immune
function is not included in the act.
health claims regarding zinc and
immune function in the elderly would
likely result in a food product being
classified as a drug by virtue of the
definition of “drug” embodied in the
Canadian Food and Drugs Act.

The official position of Canada on the
relationship of diet and nutrients to
disease and the metabolic effects of
nutrients is stated in “Nutrition
Recommendations, the Report of the
Scientific Review Committee—1990"
(Ref. 27) (the Canadian Report). In
sections relating to zinc and disease
prevention, this report noted that
abnormal zinc intakes have been
associated with impaired immuzne
function. Zinc supplementation of zinc-
deficient persons improves many
agpects of immune function. The report
did not specifically address the issue of
zinc and immune function in the elderiy.

The Canadian report noted that
excessive intakes of zinc have been
shown to impair immune function and to
cause adverse effects on copper
metabolism (Ref. 27). In view of
petential detrimental effects of high
intakes of zinc on the immune sysiem
and on copper metabolism, the
Canadian report suggested that large
supplementary amounts of the element
be avoided. There is no scientific
evidence, the Canadian report
continued, to support ingestion of
megadoses of zinc except in the
treatinent of specific diseases such as
Wilson's disease, in which excess
copper is absorbed and stored in the
body. The recommended zinc intakes for
Canadian aduit males and females {over
13 years of age} are 12 and 9 milligrams
(mg) zinc per day, respectively {Ref. 27}.

I1. Review of the Scientific Evidence
A. Federal Government Documents

The Joint Nutrition Monitoring
Evaluation Committee (JNMEC) DHES/
USDA, was established in 1983 by the
USDA and DHHS to coordinate survey
methods used by the two departments to
oblain information on nutritional status
of the U.S. population. The first report
(Rel. 28), issued in 1986, provided food
intakes data from the 1977 to 1978
Nationwide Food Consumption Survey
{(NFCS]) and information on nutritional
status based upon biochemical analyses
from the National Health and Nutrition
Examination Survey (NHANES 11, 1976
to 1980). INMEC judged that zinc was
among a number of nutrients and

dietary components that required further
investigation because data regarding
intake and nutritional status were
inadequate {Ref. 28).

The "Surgeon General's Report en
Nutrition and Health” (Ref. 22) did not
consider the specific topic of zinc and
inmune function in the elderly. In
sections dealing with infection and
immaunity and with aging, however, the
Surgeon General’s Report (Ref. 22) noted
that deficiencies of a number of
nutrients have been associated with
reduced function of specific components
of the immune system, and that during
aging there is a gradual senescence of
some components of the immune
system. The Surgeon General's report
pointed out, however, that distinguishing
age related physiologic changes from
those changes caused by poor nutrition
in older persons has not yet been
possible (Ref. 22). The Surgeen
General's report observed that research
has not yet resolved whether
progressive impairment of cellular
immunity with age might cause older
populaticns to have more infections
than young people of equivalent
nutritional and health status. The
relationships among malnutrition,
infections, and changes in immune
system function in elderly persons have
yet to be clarified (Ref. 22).

The Surgeon General's Report (Ref.
22) further noted that nutritiona!l status
evaluation of older people is
complicated, and that clinical and
dietary standards for younger adulis
may not be appropriate for older
persons. Few data are available on
nutritional requirements of older adults.
A very serious problem in nutritional
status assessment of older adults is the
lack of correlation between dietary
intake data and clinical and laboratory
assessment methods (Ref. 22).

B. Qther Documents

The Food and Nutrition Board of the
National Academy of Sciences did not
specifically address the topic of zinc and
immune function in the elderly in the
Tenth Edition of “Recommended Dietary
Allowances,” (Ref. 25}. The Food and
Nutrition Board concluded that margina!
states of zinc nutriture may exist in
segments of the U.S. population, but that
the data are fragmentary.

The Life Sciences Research Office
report reviewed the literature on the
relationship between zinc and immune
function in the elderly (Ref. 26). This
report concluded that:

{1} Zinc is of profound importance for
proper immune system function. Too
much or too little zinc can irduce
immunological dysfunctions. Steps to
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returk zine putriture 1o nesa! some o
correct sush dysfunction;

(2} Elderly persons who sre poor, who
live alone or in institutions, who are
femate, who have acute or chronic
ilinesses or disahilities, or who rase!
very advanced ages ave at risk foy
developing zinc malnutrition;

(3} Immunological dysfunciions in the
elderly have been improved by
mitritional means, hit the role of
this remeins unclear. Reported immong
system improvements induced by
supplemental zinc generally oceurred in
subjects with preexisting evidence of
sine deficiency:

{45 RDA intakes of zine mey not
correct preexisting zine deficiencies in
the elderly. Even large supplements may

rot improve plasma zine values if
disease induoced zine sequesiering
riechaniss are involved: and

{51 There is no definitive evidenoe 15
suggest that the carrent RDA for zine is
inadequate for healthy elderly
individuals. Eiderly persons wha sre
truly zine deficient may benefit
Brmunologically from medically
supervised putritional rehabilitaon.

(. Fin

wof Serentific Lit

1. bvidence for an Association Between
Zine Itske and Immune Punction in the
Filerly

a. lutroduction. FDA reviewaed all the
publicly available evidence v zine and
inunune function in the elderly provided

by intervention studies. The agency
evaluated these buman intervention
studies to detfermine whether there is oon
ociation betwensn zine
supplementation and improvements in
imsmune function in this age group.
Pertinent information regarding thes:
studies, such as study design, number
subjeets studiesd, nature and duration of
supplement use, and significunt resulis
are included in Table 1. The evaluaticon
focused on stadies in which
suppleniental zine was administered to
healthy elderly persons to deternine
whether zinc had specific effects on the
immune sysiem function of the genera!
pupulation for which health claims are

targeted.




TABLE 1.—ZINC AND IMMUNE FUNCTION IN THE ELDERLY: SUPPLEMENTATION STUDIES

Reference

Study design and

Test material and

Other factors

- Description of subjects ? Diet Additional affectin Resulte Assessmant of stud
L duration intake level ‘ i freatmants i interprelat?nﬁ 4
i ' ; T -
Duchateau et al., Prpspeczivg 30 healthy institutiona! pa- | Zinc (Zn) sulfate; Not reported............. Tetanus Institutionalized 20% increase of T iym- ‘ Resuits niot applicable to
1981 {Ref. 29). mterven_tlon tients, age 70 years; 100 mg Zn/day vaccination. subjects only. phiocytes (p<.05), im- | free-living elderly. Im-
study with test group {n=15), con- 1 orally. No measure of pioved DCH response . rsunological irmprove-
controis; 1 trpl group (n=18}; Bel- : : Zn status. Mo (p<.01), and greater - ment small, no assess-
month. gium, : blinding. post vaccine tetanus | ment of initia! Zn status.
titre (p<.001) in treated |
group. No change of in 5
) vitro LPR. |
Wagner et al,, Prospective 5 anergic, low income el- | Zinc sulfate; 55 Self-selected None...... Incomplete serum | Ali 5 subjects had at least 2 Smail, uncont ¢, un-
1983 (Ret. 30). intervention derly, age 64 to 76| mg Zn/day data from 1 ! 1 posiive DCH re-| biinded study.
study, not years; Alachua Co., FL, orally. subject. Low sponse from 5 test anti- i
conirolied; 1 ! f income subjects | gens. Serum  Zn in- !
month. : i only. All subjects ‘ crease. '
initially anergic. ;
Bogden et al., Prospective 103 healthy free living el- | Zinc acetate, 15 Self-selected 8 to | Multiple vitamin- Free living healthy | Plasma Zn increase | Large, well conducted
1988 (Ref. 34). Fiouble-b!ind derly, age 69 to 89 mgq Zn/day, 100 9 mg Zn/day. mineral (-Zn) ' subjects. " (p<.05) in 100 mg Zn : siudy, no differences
intervention years, 3 groups: pilacebo mg Zn/day, 0 oral supplement. |  Compliance group. Increase DCH re- were found in immune
study; 3 months, (n=3€), 15 mg Zn mg Zn/day ¢ monitored by pill ;. sponse in all groups. functions  between pla-
(n=36), 100 mg Zn {lactose I counts. Decrease anergy same = cebo and Zn supple-
(n=31); Bergen Co., NJ. |  placebo) orally. : ! in all groups. No change ! mentsd  groups. Mo
. | i of in vitro LPR. effect of suppiemental

Bracker et al,,
1988 (Ref. 35).

Soltesz et at,,
1988 (Ref 31)

Cossack, 1989
(Ref 32)

. Prospective

double-blind
intervention
study; 2 months,

i Progpective

intervention
study; 4 weeks

" Prospective

intervention
study; 4.5
months,

[22]

41 healthy elderly, age 64
to 90 years, Zn supple-
mented group (n=23),

placebo group (n=18); |

California.

nursing home residents,
age not specitied. Ohio.

8 2Zn deficient, low income
elderly men, age 65 to
78 years Denrnark.

Zinc gluconate; 0
mgq Zn/day
(placebo) 50 mg
Zn/day orally,

i Zinc gluconate; 15
mg Zn/day
otuily

! Zinc acetate; 60
mg Zn/day
orally.

| Not reported...

Ingtitutional food;
6.8 t0 13 mg
2n/day
calculated intake.

Not reported..... ... }

... Trivalent influenza

vaccine at 1
month.

' One subject

. received liquid
nutritional
supplements

41 of 60 subjects
(68%)
completed

| study. Cietary

| assessment not

© included.

Nurging home
| patients,
scraaned for
confounding
problems. Age
not specifisd
Data from §
subjects.

... Comparisor values

from 13 age
matched men
Subjects
selected from
group of low
socioeconomic
mer on basis of
low Zn status
and anerny

© 45% increase in serum Zn

in supplemented group !

(p<.001). Post vaccina-
tion antibody titre
crease not different be-
tween supplement and
placebo groups.

Small increase in number
of positive LCH re-
sponses p- 05, n--5)

Plasma and cellular Zn
levals inctease Lo}
normal DCH  response
and RBC' nucleoside
phosphorylase  activity
increase o near notmal

i

in-

Zr on immune function.
I Limited to healthy sub-
jects, resuits can be
i generalized to U.S. pop-
ulation. Previous influen-
za vaccination rnay have
intluencad results

Small, unconirolied, un-
blinded study: irmmunc-

logicat improvoment
Smalt

Semall,  uncontrolled,  uri-
blinded  study. Results

applicable only to indi-
viduals diagnnsad as Zn
deficient
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gogden et al., ' Prospective
1590 (Ref. 34). | double-blind

| intervention

| study; 16
months overall,
last 4 months all
groups received
placebo.

{
|
i

Soltesz et al.,
1988 (Ref. 31).

1 Prospective
{  intervention
I study; 4 weeks.

|

Cossack, 1989 Prospective
(Ret. 32). intervention
study; 4.5
months,

i
I

J

83 healthy free living ei-
deriy, age 60 to 389
years; 3 groups: placebo
(n=24), 15 mq 2Zn
(n=20), 100 mg 2Zn
(n=19); Bergen Co., NJ.

6 nursing home residents,
age not specified. Ohio,

8 Zn deficient, low income
elderly men, age 65 to
78 years Denmark.

Zinc acetels 15
mg Zn/day, 100
mg Zn/day, 0
mg Zn/day,
{placebo) orally.

Zin¢ giuconate; 15
mg Zn/day
orally.

Zinc acetate; 60
mg Zn/day
orally.

|
|
|

{ se f-selected; Zn

intake less than
2/3 RDA for
67% of men
and 81% of
women.,

institutional food;
6.8 to 13 mg
Zn/day

calculated intake. ;

Not reported...

|
!
|
|
|
{
|

%

|
|
1
|
I
i
|

. None ..

Multiple vitamin-
mineral (-Zn)
oral supplement
continued for 16
months.

One subject

received liquid
nutritionat
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© Zn group.

Nursing home : Small increase in number
patients, of positve DCH re-
screened for sponses (p<.05. n=5).
confoundirig
problems. Age
not specified.

Data from §
, Subjects, ;

Comparison values | Plasma and celiular Zn
from 13 age | fevels increase to
matched raen. | normat DCH response
Subjects ¢ and RBC nucleoside :
selected from . phosphorylase  activity
group of low increased to near
socioeconomic normal.

Free living heaithy ‘ Plasma  Zn
subjects. 63 of

158 subjects

increase

{40%) line at 16 months. No *
coempleted 16 charge in ceilular Zn
months. Zn except for transient in- :

supplementation

for 12 months, months in 15 mg Zn

ail groups group. DCH response in-
received creased in all groups,
placebo final 4 doubled in  placebo
months. I group, increased least in
Compliance Zn supplement groups
monitored by pill .  DCH suppression in Zn
counts. . groups persisted after

Zn suppiementation dis-
continued. Transient in-
crease NK cell activity
at 3 month in 100 mg

men ¢i basis of
low Zn status
and anergy.

(P<.05) in 100 mg Zn ;
group, returned to base- |

crease of PMNZ Zn at 3 |

IL:sr-;ye., well  concusted
study. irnprovements in
immune function likeiy
due to multivitamin-
miner supplement, and
suppressed by supple-
mental Zn.

© Small, uncontrolled, un-
tlinded study; immuno-
logical improvement
snall.

: Small, unconirolled, un
| blinded study. Resuits
applicable only to indi-
viduais diagnosed as Zn
deficient.

t

' Red blood cells,
2 Polymorphonuclear cells.
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FDA did not review studies of: (1) erally for 1 month; the second group nutsitinaal supplementation for weight
Influence of zine on immune function in {n-=13, mean age==80j received no gain. and one sub]m‘t did pot participate
in DCH testing {Ref. 31},

¢ se siates; {2) effects of in vitro
-dfmwn of zine to lymphocyles; or {3}
animal studies. The re';ulis of studies of
immune function in malnourished
ulations and in specific disease
siates are widely reported in the
suientific literature e (Re :{s. 1 theough 8,
and 10). Such studies, however, do not
contribute specific information helphil in
evaluating the relationship of zine to
immune function in the elderly because
it is difficult to identify the role of zinc
versus other nuteient insutficiencies or
to extrapolate from sick persons to the
general population of healthy elderly in
the United States. To the extent that
zinc is used o cure, treat, or mitigate a
disease, it is a drug (21 U.S.C.
321{g){1}(B)).

The relevance of findings of effects of
addition of zinc to lymphocytes in vitro
to functicn of the immune system in vivo
is simply not clear. Studies with animals
have repeatedly demonstrated the
effects of zinc deficiency on immune
function. Thus, the existence of a role
for zinc in immune {function is not at
issue, However, animal studies in
general, while providing invaluable
malgh s into the role of nutrition in
immune function, do not contribute
directly to an understanding of zinc and
im iune function in the elderly human
population in the United Stales, the
subject that the statute directs FDA to
consider.

b. Criteria used in evalucting
evidence. The criteria used in evaluating
evidence included: {1) Reliability and
accuracy of the methods used in food
intake analysis and measurement of
endpoints; (2} cheice of control subjects
{e.g., hospital-based versus population-
based); (3} representativeness of
subjects; {4) control of confounding
factors in data analysis; and (5) degree
of compliance and how compliance was
assessed.

FDA evaluated the weaknesses and
strengths of individual studies (see
“Assessment” column of Table 1). The
agency then assessed the strength of the
overall combined evidence taking into
account the strength of the association,
ite consistency of findings, and
specificity of the association. FDA's
conclusions reflect the strength,
consistency, and preponderance of data.

c. Review of evidznce. In 1961
Duchateau et al. (Ref. 29), published the
first report of an effect of zinc
supplememation en immunocompetence
in healthy elderly persons. Two age and
sex matched groups of institutionalized
healthy persons over 70 years old were
studied. One group (n==15, mean
age=-81) received 100 mg zinc per day

vy

slindaed

F1

supplement and served as a ne
control group. No measures of zing
staius nor of distary zinc intuke were
reported in the study. Severs! weasures
of cell-mediated immunity (preportion of
T cell iymphocytes, DCH response, and
@nhhoﬁy respanse to tetanus ioxoid
vaccination) inereased in the zine
supplemented group but not I the
conirol group. No differences between
groups were noted for other indicalors
of immunocomopetence, i.e., in vitro LPR
to mitogens and numbers of circulaiing
leukocytes cr tetal lymphooytes. Side
effects, including transient nausea and
mild diarrhea, were noted in 5 of 15 zing
supplemented subjects (Ref. 29).

Another repert associating zinc
supplementation and improvad
immunocompetence in the elderly, as
measured by DCH respeonse, was
reported in 1983 by Wagner et &l. (Rel.
30). Five low income elderly {age 64 to
76 years] incdividuals in Alachua County.
FL, who showed no DCH responses on
two occasions before zinc
supplementation, were supplemented
with 55 mg zinc per day orally.
Following one menth of
supplementation, all five subjacts
developed a positive DCH response to
at least one of five test antigens. Serum
zinc concentration increased in the four
subjects for whom both initial and final
serum sainples were obtained. A contro!
group was not included in this study,
and only a single indicator of
immuneccompetence was measured {Ref.
30).

A study of six elderly nursing home
patients (ages not stated) reporied
improved DCH following oral zinc
supplementation (Ref. 31}. Bietary zinc
intzke of the six subjects ranged from
6.8 to 13 mg per day. Subjects received
oral zinc supplements of 15 mg zinc per
day, as zinc gluconate, for 28 days.
Plasma zinc and DCH responses were
evaluated before and after the
supplementation period. Serum zinc
levels increased significantly with zinc
supplementation {paired t-test, p<.05,
n=>5). Mean serum zingc, initially 98
micrograms per deciliter {ug per dL),
increased to 102 ug per dL foliowing
zinc supplementation. Five of the
subjects were tested for DCH responses
to four test antigens. The number of
positive responses increased
significantly from a mean of 1.8 positive
reactions per subject before zinc
supplementation to 2.8 pasitive
reactions per subject after zinc
supplementation (paired t-test, p<.05,
n=5). Nonsupplemented control
subjects were not included. Of the six
test subjects, one subject received liquid

in a study of immune function in zine-
ient elderly suu,g;.ts, Cossack (R
32) selected eight zine-deficient subjects,
from among 50 relatively healthy. low-
socioeconomic status men age 65 16 78
vexrs. Zinc deficiency was determinesd
on the basis of “low siatus of zing”
subnormal DCH reactions, and low rad
biced cell {RBC) activity of a zine-
dependent enzyme (nucleoside
phosphorylase) relative to normal
values for healthy men of the same ag..
The zinc-deficient subjects received &0
mg zinc per day for 4.5 months, after
which zinc concentration of plasma,
RBC's, and white blood cells increasel
to normal values. The number of
positive DCH responses to 4 test
antigens increased from a mean of 2.1
posilive responses per subject bafore
supplementation to 3.1 positive
responses per subject after
supplementation. Zinc status and DCH
reactions in the zinc-deficient subjects
after zinc supplementation were
comparable to the normal values
determined for 13 healthy men of the
same age (Ref. 32).

¥DA believes that little weight can be
given to these studies. The numbers of
subjects in these four studies were quite
small (eight or fewer subjects in three
studies), providing little confidence in
the results. Initial nutritional status of
the institutionalized subjects, and
reason for institutionalization, were not
reported by Duchateau et al. (Ref. 29}).
Two of these studies {Refs. 30 and 32}
were unconirolled case reports on the
effects of zinc supplementation of
initiaily anergic or low zinc status
elderly individuals selected from elderly
populations surveyed for nutritional
status and immunological indices.
Similarly, the study of Soltesz et al. {Ref.
31) was uncontrolled and not blinded.
Many potentially confounding faciors in
these studies were not considered or
were not reported. Such factors include
lack of dietary assessment, use of
institutionalized elderly. and tuck of
monitoring for compliance with
supplementation. Most importanily, the
heaith significance, if any, of the
findings of these studies with respect to
enhanced resistance to disease is
unknown.

Bracker et al. (Ref. 33) reported no
effect of zinc supplementaticn on the
antibody response to influenza
vaccination. In this study, 41 heaithy
persons, age 64 to 90 years, were
randomly assigned to supplemented
{n=23; 50 mg oral zinc per day) or
placebo {n==18) groups in a double-biind

ey
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2 month study. Subjects with diabetes,
cancer, chronic renal discase,
malabsorption, or senile dementia were
excluded from the trial. Initial serum
zinc was 80 + 10 ug per dL, increasing
t0 116 g per dL (mean value) in the
supplemented group and 84 ug per dL
(mean value} in the placebo group.
Following the first month of
supplementation, initial influenza
antibody titres were measured, and
trivalent influenza vaccine was
administered. Influenza antibody titres
were measured again following the
sccond month of supplementation. No
influcnce of zinc supplementation on
post-vaccination increase of antibody
titre was observed {Ref. 33).

Two recent well-controlled clinical
studies by Bogden et al. (Refs. 34 and 35)
failed to support the hypothesis that zinc
supplementation can improve
immunocompetence in the elderly. The
first of these (Ref. 34) reports the
findings of a double-blind, 3 month oral
supplementation study of 103 apparently
healthy, free-living persons, aged 60 to -
&9 years recruited from senior citizen
centers in Bergen County, NJ. Subjects
with a history of cancer, recent
infectious disease, those on
corticosteroid or estrogen therapy, or
those using zinc supplements were
excluded from the study. The subjects
were randomly assigned to 3 groups:
placebo (n=36), 15 mg zinc per day
(:1=36), and 100 mg zinc per day (n=31).
All subjects received a daily multiple
vitamin-mineral supplement without
zine in addition to oral zinc (or placebo)
supplements. Compliance to
supplementation was determined by a
pill count at 3 months. A dietary
questionnaire consisting of a food
frequency checklist and a 24 hour
dietary recall of the prior day’s meals
was also administered. The subjects
consumed self-selected diets, providing
an estimated average intake of 8 to 9 mg
zinc per day. Plasma zinc increased
fromn initial levels (84 to 86 pg per dL) in
the group supplemented with 100 mg
zinc per day but not in the placebo or 15
nig zinc per day groups. There were no
changes from mean baseline zinc levels
in RBC'’s, mononuclear cells,
polymorphonuclear {(PMN]) cells, or
platelets at 3 months in any group. There
was a tendency for increased DCH
responses after 3 months in all groups,
and the increase was not different
among groups.

Thirty study subjects, spread among
the study groups, were initially anergic
for DCH responses. The proportion of
initially anergic subjects who developed
positive DCH responses at 3 months
was not different hetween placebo and

zine groups. In addition, there wis no
effect of zine supplementation on in
vitro LPR. In this study ncither the
cellular immunity nor zinc status, as
indicated by cellular zine content, of
healthy elderly individuals with usual
dietary zinc intekes of approximately 66
percent of the RDA, was enhanced by
zine supplementation (Ref. 34).

The second study (Rel. 35) followed
the same double-blinded three group
study design, with supplements
provided for 12 months, after which all
groups were switched to the placebo for
an additional 4 months, Of 158
individuals initially enrolled, 63 subjects
completed the entire 16-month study
period. giving a response rate of 40
percent. The placebo group consisted of
24 persons. Twenty persons were
included in the 15 mg zinc per day-
supplemented group, and 19 persons
were included in the 100 mg zinc per
day-supplemented group. Dietary zinc
intake {mean of 8.6 mg per day for males
and 7.8 mg per day for females) from
self-selected diets was similar among
the three treatment groups and
consistent over tha course of the trial.
Plasma zinc (initially about 85 g per
dL) increased only in the group taking
100 mg zinc per day and returned to
baseline after zinc supplementation was
discontinued. Monocyte,
polymorphonuclear, erythrocyte, and
platelet zinc levels were not altered,
cxcept for a transient increase of
polymorphonuclear zinc in the 15 mg
zinc per day group which returned to
baseline at 12 months. DCH responses
in all groups increased continuously
over the study to about twice the initial
values. The increase in DCH response
was significantly greater in the placebo
group than in either zinc-supplemented
group. Furthermore, the suppression of
the increased DCH response in the zinc-
supplemented groups persisted 4 months
after zinc supplementation was
discontinued. The in vitro LPR increased
during the study, particularly in the
placebo group. There was a transient
increase of T lymphocyte killer cell
activity in the 100 mg zinc per day
group, which did not persist beyond 3
months.

The authors speculate that the
progressive increase of DCH response
may be the result of a booster effect of
repeated skin tests or a response to the
multiple vitamin/mineral supplement
administered to all subjects or to other
unknown factors (Ref. 35). Except for a
transient increase of natural killer cell
function, this study did not show that
zinc supplementation improved cellular
immunity in the elderly. In fact, zinc at
both doses appeared to have retarded

improvenient of celluler immunity. Lack
of increased cellular (monocyte,
polymorphonucleocyte, erythrocyte. and
platelet] zinc levels with zinc
supplemantation suggests that the
population was not zinc deficient, even
though average dictary zinc intake was
apparently well below the RDA {Ref.
35).

2. Other Relevant Information

a. Physiological changes in aging.
Physiological changes of aging have
effects on normal zinc metabolism and
homeostasis, particularly the efficiency
of intestinal absorption of zinc (Ref. 36).
Average zinc absorption in six men aged
65 to 74 years and in six men aged 22 to
33 years was 17 percent and 31 percent,
respectively (Ref. 36). This difference in
zinc absorption between elderly and
young men was significant. However,
endogenous zinc losses in the elderly
men were proportionally less than those
in the younger men. There was no
difference between young and elderly
men in zinc balance. Lower zinc
absorption in elderly men may reflect a
lower requirement for zinc in the
elderly. Homeostatic mechanisms also
strongly influence zinc absorption. With
decreasing zinc intake, the efficiency of
intestinal zinc absorption increases, and
excretion of endogenous zinc decreases.
Thus the body is capable of adapting to
variations in dietary zinc intake through
increasing absorption and reducing
endogenous loss (Ref. 36).

b. Zinc status in the elderly. The adult
RDA (Ref. 25) for zinc is 15 mg per day
for men and 12 mg per day for women.
Differences in values for men and
women reflect sex-related differences in
body weight. The RDA is not a
requirement below which deficiency
diseases are apt to develop. Rather, for
many nutrients, they are set at
sufficiently high levels to cover the
needs of practically all healthy
individuals. Because individuals differ
in their requirements for specific
nutrients, it is impossible to know fromn
a dietary survey which person requires
at least the RDA and which one requires
less or, in rare cases, possibly mere. The
intent of the RDA is to provide the basis
for recommendations for healthy diets
and for planning for the national food
supply to improve the nutritional status
of the population. It is not an
appropriate use of the RDA to assert
that adherence to the RDA will ensure
protection against disease, or that
intakes less than the RDA are
necessarily inadequate or deficient (Ref.
25).

Dietary intake data are available from
large national surveys such as the NFCS
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conducted by the USDA and the
NHANES I conducted by the Nativnal
Ceater for Health Statistics (NCHS)
(Ref. 37). NHANES I, which is
currently in progress (19688 to 1994), will
L the first NHANES to include
sampling of the population older than 74
voars of age. Other current data on
nutritional status of older Americans
comes from cross-sectivnal studies on
relatively small selected samples.

Using the 1977 to 1978 NFCS and 1976
o 1980 NHANES i food consumption
data bases, FDA’s Total Diet Study
designed diets to be representative of
food intakes of men and women aged 60
to 65 years. Chemical analysis of the
zinc content of these representative
diets provided estimated average zinc
intukes of 73 percent and 86 percent of
the RDA for women and men,
respectively, aged 80 to 85 years (Ref.
38). In smaller studies, dietary zinc
intakes of institutionalized or house
bound elderly people tended to be lower
than those of free-living elderly persons
{Refs. 16 and 17).

A recent review cf studies of zinc
intake by elderly individuals (Ref. 14)
showed consistent average intake of 7 1o
11 mg zinc per day. Two prospective
zing intervention studies of elderly
subjects [Refs. 35 and 39) reported
average dietary zinc intake of 8 to 9 mg
per day which is consistent with other
reports {Refs. 14 and 38).

It seems likely, from such siudies. that
some of the elderly in the United States
wonsume less than the RDA for zinc.
However, this finding does not
necessarily imply that these elderly
persons are consuming tnadequate
amocunts of zinc. There is increasing
evidence that these types of food intake
estimates may underestimate food and
nutrient intakes by significant amounts
{Ref 40). A more complete evaluation of
preblams of sensitivily and gpecificity of
natrient intake based on dietary recall
data and the difficulty in predicting
nutritional status from dietary data
alone were described in a National
cademy of Science report (Ref. 41).

Dietary data frequently estimate
nutrients from foods alone.
Contributions of dietary suppiements
are rarely considered but can provide
significant quantities of zinc to total
daily intake, The 12858 National Health
Interview Survey showed that 38
percent of elderly Americans consured
over-the-counter vitamin and mineral
products at least once during a 2-week
period, with a median zinc intake of 100
percent of the RDA (Ref. 42). Another
survey of elderly persens in the Boston
area, found regular multivilamin-mineral
use in 31 percent of males and 43
percent of femuales which supplied an

average of 10 mg of zinc per day Imales)
and 9 mg zinc per day (females] {Rel
43).

The best measures for determining
nutritional status of human subjects ace
clinical and biochemical measores. Data
on the nutritional status of the U.S.
population have been collected in the
MNHANES. Results from NHANES {1
{1976 {o 1980) were used to evaluate the
prevalence of iow serum zing levels
{defined as serum zinc less than 70 ug
per dL for morning fasting blosd
samples) in the U.S. population {Ref. 44).
The prevalence of low serum zing levels
was 3 percent in both males and females
among the elderly (age 85 to 74 vears).
13

o

The prevalence across all ages was
percent for males, and an overall
adjusted prevalence {excluding oral
contraceptive users, pregnaut, recently
pregnant, and lactating women] of 2.1
percent was observed for females.
Serum zinc reached peak levels in young
adulthood {93 pg per AL in males; 85 png
per dL in females) and declined with
age. Mean serum zinc levels for the
elderly age group (65 to 74 years) were
well within normal range (86 and 84 ug
per dL for males and females,
respectively). Poverty status was nol
associated with serum zinc levels in the
elderly age group. Overall, blacks
tended to have lower serum zinc values
than did whites; however, there was no
racial difference in serum zinc levels
within the elderly age group {Ref. 44).
Two prospective zing intervention
studies of elderly snbjects [Refs. 35 and
39) also found mean serum zinc levels
{about 86 ug per dL) io be within the
normal range and consistent with
NHANES data (Ref. 44).

An expert panel was convened to
evaluate the usefulness of the serum
zine values from the NHANES 1 in
determining the zinc nutritional status of
the U.S. population {Ref. 44). This pana!
concluded that serurm zinc values by
themselves are not definitive for the
assessment of zinc nulritional states
because many facters besides zinc
deficiency can depress serum zinc
levels, e.g., stress/inflammatory
response, aibumin levels, dinrnal
variations, and meal consumption/
fastling effects. In these cases, increasing
zinc intake would not likely be effective
in improving zinc status.

A recent report of the ad hoc Expert
Pane! on Naticnal Nutrition Monitering,
which reviewed data available through
the National Natrition Menitering
System of the USDA and DHEIS,
concluded that zing is not a current
public health issue to be assigned high
priority, but that it does constinite a
potential public health issue for which
further study is needed {Ref. 45). The

report also noted the discrepancy
between apparently high percentages ot
people with moderaie to low dietary
intuke and very small percentages of
persons with low serum values. The
Expert Panel on National Nutrition
Monitoring recommendation for further
research was made in recognition of the
fact that the significance of the sbserved
low dietary intakes of zinc cannot be
evaluated without additional research o
detcrmine zine requirements and o
develop betier measures of zing status.
Zinc nutritional staius is d
assass becaunse of the lack of
neaninvasive and specific metheds and
of the confounding of available
measures of zinc status by factors
unrelated to zinc insufficiencies. Thus
the prevalence of poor zinc natrition in
the U.S. elderly is unknown. While ziuc
levels of blood cellular components has
been proposed as a criterion for
diagnosing mild zinc deficiency (Ref, 44).
values for the general healthy elderly
population in the United States are not
currentlv available (Ref. 47). The high
percentage (97 percent) of serum zinc
values in the normal range for 65 to 74
vear age group in the NHANES 11 do not
provide compelling evidence of
inadequate zinc nutriture in this
population.

¢. Safety considerations. The Natiooud
Academy of Sciences in “Diet and
Hes!th: Implications for Reducing
Chronic Disease Risk” {Ref. 24) and
“Recommended Dietary Allowances”
{Ref. 25) discussed potential health risks
associated with eral zinc supplements.
Considering the potential risks, these
reports recommended against chronic
ingestion of zinc supplements exceeding
15 mg per day {Refs. 24 and 23). Oral
zinc supplementation at higher levels
{e.s.. 100 mg of zinc per day) is reporied
to suppress immune function (Ref. 48).
Oral supplementation of 300 mg zinc per
day was administered to 11 heaithy
males for 6 weeks. Subjects consumed
self-szlected diets providing an average
of 11 mg per day. At 4 and 6 weeks
several measures of Jmmunoccompetence
were decreased [e.g., LPR and
polymerphonuclear chemotaxis and
phagocytosis). Other measures of
immunccompetence {e.g., total number
of iymphocyies, T cells, and B cells)
were not altered during zine
supplementation. Duchateau et al. {Ref.
49), reported that zinc supplermantation
with 150 mg day for cne month had a
normaliring effect on LPR, increasing
the response in individuals with initis}
low response but inhibiting LPR in
individuals with initial vaines above the

average,
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Zie intake in the range of 160 to 300
mg per day is reported to induce coppies
d ency with attendant aneniia.
iapaired immune function, and adverse
¢iiccts on the low density poprotein/
high density lipoprotein {LDL/HDL}
cirelesterol ratio (Ref. 25). There is alsy
evidence that use of zinc supplements it
Jower levels [15 to 100 mg per day] may
have adverse effects on copper balsnce
and HDL-cholesterol which are similar
to the problems of higher zinc doses
{Refs. 9 and 50). Supplemental zine
ingestion. even at levels close to the
RDA, appears to block the effect of
exercize on raising serum HDL-
chulesterc] in elderly individuals (Ref.
51). The effect of zinc intake on lowering
[iDL-cholestero! has been confirmead in
other reports (Refs. 48 and 52).

clustons

There are publicly available datu for
seven human studies in which elderly
subjects were supplemented with zinc to
determine the influence on immune
system function. The earliest published
study (Red. 29) suggested a zinc-
associated enhancement of several
measures of immune function. Three

additionai studies in which a measure of

cell-mediated immunity showed
improvement with zinc supplementation
selected initially anergic or zine
deficient subjects (Refs. 30 through 32).
‘The results of the later studies are not
relevant because they involved very few
individuals, and the tested subjects
were not representative of the genersl
elderly population. The results
dizzussed in these initial reports have
not been substantizted by more recent,
larger studies of more rigorous
experimental design (Refs. 34 and 35).
The latur, larger studies showed no
improvement of immunocompetence
from zinc supplementation in the
elderty. Furthermore, zinc
supplementation at levels in excess of
100 mg per day can result in suppression
of immune system function (Ref. 48).
'Thus, the public.y available data ou the
rola of zing in immune system function
do not provide a sufficient scientifie
hasis from which to conclude that
immune function in the general elderly
U.S. population can be improved by zing
supplementation.

Several comments requested that the
agency also consider whether claims
relating intakes of zinc by other age
groups to improved immune function
would meet the standard set forth in the
1990 amendments. Because of time and
resource constraints, the agency did not
broaden the scope of its considerations
to include other age groups or nutrients.
The 1990 amendments clearly identified
zinec and immune function in the elderly

wwone of 10 spealic topic arcas for
Lhich the agency was to determine the
ity of heelth claims.

b summary, proper dietary zinge levels
> essential for adequate funclioning of
the invnane system. Dietary zinc intake,
serumt zing, end cell-mediated immunity
all decline with advancing age.
However, the available data do not

& basis on which to conclude
increased zing intake can reverse
the age-related decline in
inamunocompetence in the general
haalthy elderly population in the United
Staies. In fact, it may suppress immune
function.

i Tentuiive Decision to Deny a Heoith
Cisirn Reloling Zine and Immune
Functicn in ithe Elderly

The agency reviewed the publicly
available scientific data and recent
consensus documents on the association
batwesn the ingestion of zinc-containing
sopplements and immune system
funciion in the elderly. The agency finds
ihat the evidence provides no basis
tpon, ch to permit a health claim.

5 1988, the Surgeon General’s report
(Ref. 22) concluded that the available
evidence was insufficient to determine if
any age-related losses in inmune
function were caused by nutritional
deficiencies. The human evidence that
has become publicly available since the
publicition of that document does not
provide adequate data to support a
bealth claim relating the ingestion of
zine to improved immune system
function in the elderly. Furthermore, the
National Academy of Sciences
rublications, “Diet and Health” (Ref. 24]
and “Recommended Dietary
Allowances” (Ref. 25), raised safety
coneerns asgociated with oral zinc
supplements. Finally, claims that zine
would prevent or treat any disease or
heulth condition in the elderly would be
a drug claim (FDA Health Fraud Bulletin
Ne. 11, August 17, 1987).

The standard that FDA is proposing,
in a companion document published
elsewhere in this issue of the Federal
Regisier, to apply to all foods is that
there be significant scientific agreement
that any health claim is supported by
the publicly available evidence. For the
topin of zine and immune function in the
clderly, the weight of the evidence is
insufficient to support the claim, and
there is no basis for scientific agreement
that this claim is supported by the
available evidence. Thus, the agency is
proposing to add § 101.71(e) to deny the
use on food, including dietary
supplements, of health claims relating to
an association between zing
supplementation and immune function
ir: the elderly.

IV, Environments! lmpact

The sgency has delermined voder 2
CPR 25.24{=3{11) thaot this actionis of o
type that doos not individually or
cumulatively have a significant effect an
the human environment. Therefore,
reither an environinental assessmerd
por an environmental impact sttomn
is required.

V. Effective Date

FDA is proposing to make these
rzgulations effective 6 months after the
publication of a final rule based on this

proposal.

Vi Comments

ssted purscas may, o or bidore
February 25, 1982, submit to the Dockets
Management Branch (address abuve}
wiitten comments regarding this
proposal. Two cepies of any comments
are to ba submitted, except that
individials may submit one copy.
Comiments are to be identified with ths
docket number found in brackets in the
heading of this document. Received
comments may be seen in the office
above between 9 a.m. and 4 p.m.,
Monday through Friday.

VIi. Economic Impact

‘The food labeling reform initiative,
taken as a whole, will have associated
costs in excess of the $100 miilion
threshold that defings a major rule.
Therefore, in zccordance with Executive
Order 12261 and the Regulatory
Flexihility Act (Pub. L. 96-354), FDA has
developed one comprehensive
regulatory impact analysis (RIA) that
presents the costs and benefits of all of
the food labeling provisions taken
together. The RIA is published
elsewhere in this issue of the Fede:al
Register. The agency requests comments
an the RIA.

VIIIL References

The following references have been
placed on display in the Dockets
Management Branch {address above)
and may be seen by interested persons
between 9 a.m. and 4 p.m., Monday
through Friday.

1. Beisel, W, R., "Future Role of
Micronutrients on Immune Functicus,”
Annals of the New York Academy of
Sciences, 587:267-274, 1990.

2. Chandra, R. K., “Nutrition, Immunity, «ng
Infection: Present Knowledge and Future
Direction,” Lancet, March 26:688-691, 1983.

3. Chandra, R. K., "Micronutrients and
Immune Functions: An Overview,” Annais of
the New York Academy of Sciences, 587:9-16,
1990,

4. Thompsou, §. S., |. Robbins, and J. K.
Cooper, "Nutrition aad Immune Funetion in



50662

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

7 luniRe

the Geriatric Population,” Clinics in Geriatric
Medicine. 3:309-317, 1987,

5. Cunningh#zm-Rundies. S.. R. S. Bockman,
A. Lin, P. V. Giardina, M. W. Hilgartner, D.
Caldwell-Brown, and D. M. Carter,
“Physiological and Pharmacological Effects of
Zinc on Immune Response.” Annals of the
New York Academy of Scisnces, 587:113-122,
1990.

8. Fraker, P. ]., M. E. Gershwin, R. A. Good,
and A. S. Prasad. “Interrsiationships Between
Zinc and Immune Function.” Federation
Proceeding. 45:1474-1479, 1986.

7. Keen, C. L., and M. E. Gershwin, “Zinc
Deficiency and Immune Function,” Annual
Review of Nuirition, 10:415-431, 1990.

8. Sherman, A. R, N. A. and Hallquist,
“Immunity,” in Present Knowledge in
Nutrition, Sixth Edition, edited by M. L.
Browa, International Life Sciences institute-

{utrition Foundation, Washingtor, BC, pp.
463476, 1990.

9. Fosmire, G. .. “Zinc Toxicity,” American
Journal Clinical Nutrition, 51:225-227, 1990.

10. Chandra. R. K., "Nutrition and
Immunity: Lessons Frem the Past and New
Insights into the Future,” Aierican journal of
Clinical Nutrition, 53:1087-1101, 1991,

11. Fletcher, M. P., “Immune Function in the
Elderly.” Frontiers of Rediation Thercpy and
Oncolcgy, 20:38-44, 1986.

12. Kay. M. M. B., "Immunobiclogy of
Aging.” in “Nutrition, Immunity and fiiness in
the Elderly.” edited by R. K. Chandra,
Pergamon Press, New York, pp. 97-119, 1985.

13. Chandra. R. K., P. Jashi, B. Ay, G.
Woodford, and S. Chandra, “Nutrition and
Immunocompetence of the Eldetiy: Effect of
Short-term Nutritional Supplementation on
Cell-mediated Inmunity and Lymphocyte
Subsets.”” Nutrition Research. 2:223-232, 1982.

14. Greger, §. L., “Potential for Trace
Mineral Deficiencies and Toxicities in the
Elderly,” in “Mineral Homeostasis in the
Elderly,” edited by C. W. Bales, Alan R. Liss,
Inc., pp. 171-199, 1989.

15. Pennington, |. A. T.. B. E. Young, D. B.
Wilson, R. D. Johnson, and |. E. Vanderveen,
“Mineral Content of Foods and Total Diets:
The Selected Minerals in Food Survey, 1882-
1984," Journal of American Diet Association,
86:876-891, 19886.

16. Sahyoun, H. R., C. L. Otradevec, 5. C.
Hartz, R. A. Jacob, H. Peters, R. M. Russell,
and R. B. McGandy, “Dietary Intakes and
Biochemical Indicators of Nutritional Status
in an Elderly, Institutionalized Population,”
American Journal of Clinical Nutrition,
47:524--533, 1588.

17. Bunker, V. W,, and B. E. Clayton,
“Research Review: Studies in the Nutrition of
Elderly People with Particular Reference to
Essential Trace Elements,” Age and Ageing,
18:422-429, 1989,

18. Moser-Veillon, P. B., “Zinc:
Consumption Patterns and Dietary
Recommendations,” Journal of the American
Diet Association. 90:1089-1093, 1930.

19. Sandstead, H. H., L. K. Henriksen, |. L.
Greger, A. S. Prasad, and R. A. Good. “Zinc
Nutriture in the Elderly in Relation to Taste
Acuity, Immune Response, and Wound
Healing."” American Journal of Clinical
Nutrition. 36:1046-1059, 1982.

20. Prasad. A. 8., “Trace Element Status of
the Fiderly.” in "Nutrition, Inmunitv and

Illness in the Elderly.” edited by R. K.
Chandra, Pergamon Press. New York, pp. 62—
76, 1985.

21. Morley. J. E.. A. D. Mooradian. A. {.
Silver, D. Heber, and R. B. Alfin-Slater,
“Nutrition in the Elderly.” Annals of futerna!
Medicine, 109:890~504. 1988.

22. U.S. Department of Health and Human
Services, Public Health Service, *The
Surgeon General's Report on Nutrition and
Health,” DHHS {PHS) Publication No. 017~
001-00465-1, U.S. Government Printing
Office, Washington. DC, 1988.

23. U.S. Department of Agricuiture and U.S.
Department of Health and Human Services.
“Nutrition and Your fHeaith: Dietary
Guidelines for Americans.” Home and
Garden Bulletin, No. 232, Third Edition., U.S.
Government Printing Office, Washingion, DC.
19¢0.

24. National Acadzmy of Sciences,
National Research Council, Commiitee on
Diet and Health, "'Diet and Health:
Implications for Reducing Chronic Disease
Risk,” National Academy Press, Washington.
DC. 1989.

25, National Academy of Sciences.
National Research Council, Food and
Nutrition Board, "Recommended Dietary

llowances,” Tenth Edition, National
Academy Press. Washington, DC, 1929.

26. Life Sciences Research Otffice, "Zinc
and Immune Function in the Eiderly.”
Federation of American Societies for
Experimentai Biology {under contract number
FDA 223-88-2124), Bethesda, MD, 1991.

27. Canada National Health and Welfare.
“Nutrition Recommendations: The Report of
the Scientific Review Committee, 1990.”
Canadian Government Publishing Centre.
Ottawa, Canada, 1890.

28. i.S. Department of Health and Human
Services, and U.S. Department of Agriculture.
“Nutrition Monitoring in the United States: A
Progress Report from the Jcint Nutritica
Monitoring Evaluation Committee,” DHHS
Publication No. (PHS) 86-1255, U.S.
Government Printing Office, Washington. DC.
1986. :

29. Duchateau, L, G. Delespesse, R. Vrijens.
and H. Collet, “Beneficial Effects of Oral Zinc
Supplementation on the Immune Response of
Old People,” American Journal of Medicine.
70:1001-1004, 1981.

30. Wagner, P. A, ]. A. Jernigan, L. B.
Bailey, C. Nickens, and G. Brazzi, *'Zinc
Nutriture and Cell-mediated Immunity in the
Aged,” International Journal for Vitamin and
Nutritional Research, 53:94-101, 1983.

31. Soltesz, K. S., J. H. Williford, L. P.
Renker, and L. A. Meserve, **Zinc Nutriture
and Cell Mediated Immunity in
Institutionalized Elderly,” journal of
Nutrition for the Eiderly, 8:3-17, 1988.

32. Cossack, Z. T., “T-lymphocyte
Dysfunction in the Elderly Associated with
Zinc Deficiency and Subnormal Nucleoside
Phosphorylase Activity: Effect of Zinc
Supplementation,” European Journal of
Cancer and Clinical Oncology. 25:973-978.
1989.

33. Bracker, M. D., W. Hollingsworth, P. D.
Saltman, L. G. Strause, M. R. Klauber. and N.
J. Lugo. “Failure of Dietary Zinc
Supplementation to Improve the Antibody
Response to Influenza Vaccine.” Nulrition
Research. 8:99-104. 1988.

34 Bogden, . D., ]. M. Qleske, M. A,
{.avenhar, E. M. Munves, F. W. Kemp, K. S
Bruening, K. J. Holding, T. N. Denny, M. A.
Cuarino, L. M. Krieger, and B. K. Holland.
»Zin¢ and Immunocompetence in Elderly
People: Effects of Zinc Supplementation fc
Months.” American Journal of Clinical
Nutrition, 48:655—663, 1988,

35. Bogden, }. D., J. M. Oleske, M. A,
{avenhar, E. M. Munves, F. W. Kemp, K. S,
Bruening, K. |. Holding, T. N. Denny, M. A.
Guarino. and B. K. Holland, “Effects of One
Year of Supplementation with Zinc and Other
Micronutrients on Cellular Immunity in the
Elderly.” Journal of American College
Nutrition, 9:214-225, 1990.

36. Turnlund, }. R., N. Durkin, F. Costa. and
S. Margen, “Stable Isotope Studies of Zinc
Absorption and Retenticon in Young and
£lderly Men,” Journal of Nutrition, 116:123%
1247, 1986.

57. U.S. Department ¢f Health and Human
Services, Interagency Conimittee on
“Nutrition Monitoring, Nutrition Monitoring
in the United States: The Directory of Federal
Nutrition Monitoring Activities,” DHHS
Publication No. (PHS) 89-1255-1, U.S.
Government Printing Office, Washington, DC
1989.

38. Pennington, }. A. T., asd B. E. Young,
*Total Diet Study Nutritional Elements,”
1982-1989, Journal of the American Diet
Association, 91:179-183. 1991.

39. Swanson, C. A., R. Mansourian, H.
Dirren, and C. H. Rapin, “Zinc Status of
Healthy Elderly Adults: Respoense to
Supplementation,” American Journal of
Clinical Nutrition, 48:343~348, 1538,

30. Schoeller, D. A., “Hew Accurate is Self-
Reported Dietary Energy Intake?” Nutrition
Reviews, 48:373-9, 1990.

41. National Academy of Sciences,
Natinonal Research Council, Foed and
Nutrition Board, Coordinating Committee on
Evaluation of Food Consumption Surveys.
Subcommittee on Criteria for Dietary
Evaluation, “Nutrient Adequacy: Assessment
Using Food Censumption Surveys,” National
Academy Press, Washington, DC, 1386.

42. Moss A. ], A. 8. Levy, I. Kim, and Y. K.
Park. “Use of Vitamin and Mineral
Suppiements in the United States: Current
Users, Types of Products, and Nutrients,
Advance Data from Vital and Health
Statistics,” No. 174, DHHS Publicaticn No.
{P1{S) 89-1250, NCHS, Hyaitsville, MD, 1929.

43. Hartz, S. C,, C. L. Otradovec, R. B.
McGandy, R. M. Russell, R, A. Jacob, N.
Swhvoun, H. Peters, D. Abrams, L. A. Scura,
and R. A. Whinston-Perry, “Nutrient
Supplement Use by Healthy Elderly,” Journa/
of the American College of Nutriticn, 7119-
128, 1988.

14. Life Sciences Research Office,
“Assessment of the Zinc Nutritional Status of
the U.S. Population Based on Data Collected
in the Second National Health and Nutrition
Examination Survey, 1976 to 1980,” editors: S.
M. Piich and F. R. Senti, Federation of
American Societies for Experimental Biclogy.
Bethesda, MD, 1984.

45. U.S. Department of Health and Human
Services, and U.S. Department of Agriculture.
“Nutrition Monitoring in the United States:
An Update Report on Nutriticn Monitoring.”



Federal Register / Vol

56, No. 279 / Weadpesdisy, November 27, 1991 [ Propoused Rules

60663

DS Pub. No. (PHS)89-1255, U.S.
Covernment Printing Office, Washhs ston, DC,
1949,

16, Prasad, A, 8. "Discovery of Hunuay
Zine Deficiency and Studies ip au
Experimental Human Model” America
fowrnal of Clinical Nutrition, 53:403-412, 1961.

47, Yeiley, E., and C. jobnaon, “Nutritiona}
Applications of the Health and Nutrition
Examination Surveys (NHANESL” Aanza/
Review of Nutrition, 7:141-63, 1987,

48, Chandra, R. K., "Exuessive Intake of
Zine Iimpairs Immune Responses,” Jourial of
ths Amaerfroan Aszociction, 252:1443-1446,
1934,

49, Duchatesu, J., G. Delespesse, and P.
Vereecke, “Influence of Oral Zine
Supplementation on the Lymphocyte
Response to Mitegens of Normal Subjects,”
American Journal of Clinical Nuirition, 34:8%~
093, 1981,

50. Fox, M. R. 8., “Zinc Excess,” in Zine in
HHuaman Biology, edited by Milis C. F,,
Springer-Verlag, London, pp. 365-370, 1883,

51. Goodwin, . S., W. C. Hunt, P. L.
Hooper, and P. ]. Garry, “Relationship
Between Zinc Intake, Physical Activity, and
Blood Levels of High-density Lipoprotein
Cholesterol in a Healthy Elderly Population,”
Afatahnliem 34-519-523 1045,

52. Hooper, P. L., L. Visconti, P. }. Garry,
and G. E. Johnson, “Zin: Lowers High-
Density Lipoprotein-cholesterol Levels,”
Journal of the American Medical
Assoeciation, 244:1960-1961, 1980.

List of Subjects in 21 CFR Part 101

Food labeling, Reporting and
recordkeeping requirements

Therefore, under the Federal Food,
Drug, and Cosmetic Act and under
authority delegated to the Commissioner
of Food and Drugs, it is proposed that 23
CFR part 101 be amended as follows:

PART 101—F0OOD LABELING

1. The autherity citation for 21 CFR
pirt 101 is revised to read as follows:

Authority: Secs. 4, 5, 6 of the Pair Packaging
and Lebeling Act (15 U.S.C. 1453, 1454, 1455);
secs, 201, 301, 402, 403, 409, 501. 502, 505, 701
of the Federal Food, Drug, and Cosmetic Act
(21 U.8.C. 321, 331, 342, 343, 342, 351, 352, 355,
371}

2. Section 101.71 is amended by
adding new paragraph {e] to read as
follows:

§ 101.71 Health claims: claims not
authorized.
* ® ) 5 -

{e} Zinc and immune function in the
eiderly {insert cite and date of
publication in the Federal Register of the
final rule}.

D.ated: November 4, 1807,
David A. Kessler,
Connissinner of Food aed Doy,
Louis W. Sullivan,
Heczortry of Health end Human: Services.
IR Doe. 91-27163 Filed 11-26-91: 8:45 am)
BILLING CODE €160-01-M

21 CFR #art 10¢
| Docke: No. 91N-0103}
R 0905-ABG67

Food Labeling: Health Claims and
Lzbe! Statements: Omega-3 Fatty
Acids and Coronary Heart Disease

AGENCY: Food and Drug Administration,
HEHS.
ACTICN: Proposed rule.

sumaaRY: The Food and Drug
Administration (FDA) is proposing not
to anthorize the use on foods, including
dietary supplements, of health claims
relating to the association between
omega-3 fatty acids and coronary heart
disease {CHD). FDA has reviewed the
scientific data on this topic and has
tentatively concluded this evidence does
niot provide a basis upon which to
authorize such a health claim.
Examination of the epidemiological
research on this topic revealed that the
available studies applied only to the
consumption of fish, which contain
omega-3 fatty acids, and that it was not
possible to ascribe any effects
specifically to the omega-3 fatty acids.
Examination of data from clinical
studies revealad that the effects on
blood lipids of fish oils containing
omeg:z-3 fatty acids were primarily a
reduction of blood triglycerides. a blood
lipid variable not considered to be an
independent risk factor for CHD, but
they had no effect on serum cholesterol,
low-density lipoprotein (LBL)
choiasterol, or high-density lipoprotein
{HDL) cholesterol, the blood lipid
varizbles most closely associated with
risk-of CHD. The scientific data are
ambiguous on the effects of omega-3
fatty acids on blood pressure and other
risk factors for CHD. Finally, the
scientific data reveal unresolved safety
issues: the potential for omega-3 fatty
acids to increase LDL cholesterol! of
hyperlipidemics and te worsen cantrol
of blood glucose in diabetics.

BATES: Written comments by February
25, 1992. The agency is proposing that
any final rule that may issue based upon
this proposal becone effective 6 months
following its publication in accordance
with requiremants of the Nutrition
Labeling and Education Act of 199G,

ADDRESSES: Wrilten comnments to the
Dockeis Mansgement Branch (HFA-
205}, Food and Drug Administration, .
1-23, 312420 Parklnwn Dr., Rockvitle, MDD
20857,

FOR FURTHER INFORMATION CONTACT:
John C. Wallinaford, Center for Fosd
Safety and Applied Natrition (HFF-285),
Food and Drug Administration, 200 C St
SW., Washington, DC 20204, 202-245-
0835.

SUPFLEMENTARY INFORMATION;

L. Backgronnd

A The Nuteition Labeling end
Fidunation Act of 1990

Oz November 8, 1900, the President
signed into law the Nutrition Labeling
and Education Act of 1990 (Pub. L. 101-
535) (the 1990 amendments), which
amends the Federal Food, Drug, and
Cosmetic Act {the act). The 1990
amendments, in part, authorize the
Secretary of Health and Human Services
(the Secretary), and by delegation, FDA,
to issue regulations authorizing nutrient
content and health c¢laims on the lahel
or labeling of foods. With respect to
health claims, the new provisions
provide that a product is misbranded if
it bears a claim that characterizes the
relationship of a nutrient to a diseass or
healith-related condition, unless the
cliim is made in accordance with the
procedures and standards established
under section 403{r) (i) {B) of the act {21
U.S.C. 343{r) (1) (B}).

Published elsewhere in this issue of
the Federal Register is a proposed rule
to establish general requirements for
health claims that characterize the
relationship of nutrients, including
vitamins and minerals, herbs, and other
nutritional schstances {referred to
generally as “substances”) to a disease
ot health-related condition or food
labels aad in labeling. In this companion
document, FIDA has tentatively
concluded that such claims would only
be justified for substances in dietary
supplements as well as in conventional
foods if it determines, based on its
review of the totality of the publicly
available scientific evidence {including
evidenice from well-designed studies
conducted in a manner which is
consistent with generally recognized
scientific procedures and principles),
that there is significant scientific
agreement, among experts qualified hy
scientific training and experience to
evaluate such claims, that the claim is
supported by such evidence.

The 1960 amendments also require
{section 3(b}1}ANii), (b){21){A)(iv), and
(b}1}a)>}} that within 12 months of
enactment, the Secretary shall issue





