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Preview
The role of trace elements in human nutrition is only beginning

to be understood, especially as it pertains to the elderly. These
elements, each of which constitutes less than 0.01% of total-
body weight, have diverse physiologic functions, a number of
which could theoretically be influenced by the normal aging
process,

Currently, 16 trace elements are thought to be biologically
important in metabolism and nutrition. The Food and Nutrition
Board of the National Research Council has established a rec-
ommended daily allowance (RDA) for only three of these—
iron, zinc, and iodine. These are discussed in the first part of
this article. The second part, beginning on page 251, deals with
trace elements for which the board has suggested a safe and ad-
equate daily dietary intake (SADDI)—copper, manganese, sele-

nium, chromium, molybdenum, and fluoride.

The trace clements represent
one of the newest areas of nu-
tritional inquiry. An under-
standing of their role in human
nutrition has only begun 1o
cimerge during the past two de-
cades. Our knowledge of the nu-
tritional requirements of the el-
derly, in particular, is rudimen-
tary. This article provides an
overview of our present knowl-
edge on this subject. The infor-
mation presented here is com-
plemented by several recent re-
view articles concerning trace
clement nutriture in the elder-
Iv.'* An obvious imniixdiate re-
scarch priority is a more precise
definition of how advancing age
influcnces the nutritional re-
quircments for the various trace
clements in humans,
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Biologically important trace
elements

The trace elements are those
elements found in the human
body in amounts that constitute
less than 0.01% of total-body
weight. For a 70-kg (154-1b)
man, this represents 7 gm or
less. Although any minor ele-
mental constituent of the body
is considered to be a trace ele-
ment, only 16 are currently be-
lieved to have a biologically im-
portant role in mctabolism and
nutrition (lable 1).

Well-defined deficiency syvn-
dromies inn humans have been
described for iron. zinge, wxdine,
copper, sclenium. chiromium.
and mdlyhxicenum. Only sugzes-
tive evidence of lnninan man-
ganese deficicney as been re-
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sented, but no one seriously
doubts its essentiality. Cobalt is
an esscntial element., but only
as a component of cobalamine
(vitamin B,;). The remaining
trace elements listed in table 1
have been shown to be essential
to one or more mammalian spe-
cies and, by exlension, are
probably essential to humans
as well.

The likelihood exists that
more elemnents will be found to
be important to human nutri-
tion. Natural foods. by virtue of
their contact with sca or sail,
are apt to contain trace guanti-
ties of most of the naturally oc-
curring clements of the periodic
table. Heavily processed, syn-
thetic, or purified foods might
omit some elemcents that are es-
scntial but so ubiquitous in na-
ture that spontancous deficien-
cies have not yet been observed.

Elements that are nutrients
pose another potential issuc-—
toxic overload. Unlike water-
soluble vitarmnins and fuels,
which can be oxidized or de-
graded. clemental nutrients
cannot be converted to a more
clernental state. Thus. the
amount of total-baody accuanila-
tion is dependent on the Jevel
of consinption, the efficiencey of
intestinal absorption, and the
presence of readily aceessible
excretory pathways, Not only
need we e copeerieed with
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[ron, zinc, and copper
can accumulate toa
harmful total-body level
with excessive dietary
intake.

" Table 1. Trace elements with
biologically important roles in
" mammalian metabolism and

" nutrition

: Definitely Probably
" essential essential
4 Iron Vanadium.
i Zinc Silicon
' lodine Fluoride
Copper Nickel
Manganese Lithium*
Selenium Tin*"
Chromium Arsenic®
Molybdenum
Cobalt (as
component of
vitamin B,;)

* Evidence for essentiality in mammalian
animals derived from a single research
laboratlory.

states of marginal depletion and
clinical dcficiency of the trace
clements, bul also with condi-
tions of marginal overload and
overt toxicity.* Iron, zinc. and
copper can accumulate (o a
Larmful toial-body level with
cxcessive dietary inlake.

Functions of trace elements in
human metabolism

Trace elennents panrticipate in
Fiinen piix siology 1 diverse

| Table 2. Factors in the physiology
. of aging that could affect trace
_element nutriture

’ Decreased energy output
t‘.Decreased lean-body mass

! Increased relative fat mass

-

Relative glucose intolerance

- ———

Reduced renal function

- Hypochlorhydria

: Reduced small-intestine surface

- Ll L
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ways. A dominant motif, how-
ever, is their role as the mineral
components of metallocnzymes
or metalloproteins. A metalloen-
zyme contains a fixed number
of atoms of one or more miner-
als attached firmly to the pro-
tein at the active site orin a
structural capacity; enzymatic
aclivity is lost when the minecral
is removed from the protein. Al-
kaline phosphatase, ceruloplas-
min, and xanthine oxidase are
metalloenzymes containing
zinc, copper, and molvbdenum,
respectively. HHemoglobin and
inyoglobin are jiron-containing
metalloproteins.

Certain trace elements form
part of nonprotcin molecules.
lodine has its role in thyroid
hoomones. Cliromimm, in its
chironine (Cr- ~ 7 ) form., consti-
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tutes the core of glucose toler-
ance factor, a poorly character-
ized entity that assists the ac-
tion of insulin at the cellular
level.5

Finally, certain trace elements
function in a soluble ionic form.
These include zinc, which is
known 1o stabilize polyribo-
somes and cellular membranes,®
and manganese, which is be-
lieved to be a cofactor in several
reactions involved in the forma-
tion of cartilage. Fluorine has
its major role as fluoride, insert-
ed in the crystal matrix of bone
and the enamel of teeth.

Factors that affect trace
mineral requirements of the
elderly

A number of physiologic fea-
tures of the normal aging pro-
cess (Lable 2) could theoretically
influence trace mincral require-
ments. Energy expenditure and
total food intake are diminished
in aging. For the intake of lrace
minerals to remain constant,
therefore, their density in the
diet must increase.

Aging is accompanicd by a
change in body composition. ie,
a reduction in lean body miss
and a relative increase in body
fat. A truc reduction in the need
for nutrients related primarily
to muscle metabolism, such as
iron. may occur. The physiologic
decrease in Clucose toierancee
that oceurs witl, aging e

catadiued
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Cheelderly cre pionztocinenic cizeaoog it
require mhedicaiion, and both thie disease prcecess
and drug-nuirient inleractions ntay complicate

trace element nutriture.

provoke changes in the reten-
tion of or the need for chromi-
um. The decline in renal func-
tion with age might influence
balance with respect to those
trace minerals whose primary
route of excretion is the kidneys.

Relative hypochlorhydria oc-
curs with aging. Trace minerals
that require a more acidic intra-
luminal milieu for maximal bio-
logic.availability may be more
poorly absorbed in the elderly.
Finally, senescent changes in
intestinal mucosal surface area
and digestive exocrine secre-
tions could theoretically limit
the efficiency of absorption of
some trace minerals.

In addition to undergoing
physiologic changes, the elderly
are prone to a varicty of chronic
diseases and in many cases are
taking a number of pharmaco-
logic agents daily. Both the un-
derlying discasc processes and
drug-nutrient interactions could
further complicate trace ele-
ment nutriture in this age-

group.

Current recommendations of
the Committee on
Recommended Dietury
Allowances

The Food and Nutrition Board of
the National Rescarch Council,
through its Committee on Rec-
ommended Dietary Allowances,
periexdically publishes a mono-
craph™ defining the nutrient in-

"Table 3. Daily recommended dietary-allowance (RDA) and critical nutriénl
density for iron, zinc, and iodine in the elderly*

Nutrient RDA level
: (mg)

[

: Iron 10

i_ Zinc 15

t 0.150

“lodine

Critical nutrient densityt

(mg/1,000 kcal)

Men Women

6.1 8.3 e
9.1 12.5

0.09 0.125
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*Defined as all US residents 51 years of age and older. Recommendations apply only

10 "healthy" persons.

tAssumes 1,650 kcal intake for men and 1,200 kcal for women.

take needed to cover the nutri-
tional requirements of almost all
of the healthy US population.
The intake levels recommended
by this Committee are often
used as standards for evaluation
of the adequacy of diets con-
sumed by various groups and
subgroups of the US population.
The Committee has two cate-
gories of intake recommenda-
tions: (1) recommended dietary
allowance (RDA) and (2) safe
and adequate daily dictary in-
take (SADDI). RDAs are estab-
lished when the Committee con-
siders a nutrient 1o be esscential
and judges the available data
to be sufficienty firm to deiive
an intake level that will cover
the nutritional needs of 97.5%
of the Htalthy US population.
SADDIs represent a range of in-
takes and are considered tenta-
tive, lackmg fi:m sciemific evi-
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dence on which to fix a recom-
mended consumption level.
Recommendations for iron, zinc,
and iodine have been addressed
in the most recent (1980) edition
of the RDA booklet? (table 3).
The pronouncements of the
RDA Committee have a number
of limitations with respect to
nutrient intake requircinents
for the elderly. Most important
is the Committee's categoriza-
tion of all US residents 51 vears
of age and older in a single age-
group. The same levels of RDA
or SADDI for mic¢ronutricnts are
unlikely to obtain ina 51-,a 71-,
and a 91 -year-old person. (Inter-
estingly, RDA levels for energy
have been broken down further
for the population 51 ycars of
age and older.) Morcover. the
RDA provides for intake in
“healthy™ persons. Sincee 1nost
US re<idents over the age of G
codicneed
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Iron deficicacy can
adversely affect
hemoglobin, muscle
metabolism, CNS
alerthess, and white
blood cell function.

J""l' et W

t—"r-'?:ﬂ'-*-ﬁz

Noel W. Solomons

Dr Solomons is an affiliated investigator in
the division of nutrition and health of the
Institute of Nutrition of Central America
and Panama and a senior scientist and co-
ordinator for the Center tor Studies of Sen-
sory Impairment, Aging and Metabolism
ol the National Committee for the Deaf and
Blind of Guatemala, Guatemala City. In his
latter capacity, he is pursuing an inlerest
in tropical geriatric nutrition. His interests
have been trace element metabolism (Zn,
Cu, Fe, Se), nutritional status assessment,
and carbohydrate metabolism. He is also
a member of the gerniatric review commit-
tee for the National Institute on Aging.

years have one or more chronic
diseases, their intake require-
ments are theoretically not cov-
ered by the standard RDAs and
SADDIs.

The RDA Commitlee's stan-
dards for persons 51 years of
age and older have been used in
this discussion because of the
regrettable lack of more precise
and articulated figures for well
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and for chronically ill elderly.
While these standards serve as
a framework, 1 do not consider
them to represent the final ap-
proximation.

Concept of critical nutrient
density

Although the RDA refers to in-
take of nutrients, people con-
sume meals made up of foods
and beverages. Selection of the
food and beverage components
of the diet determines whether
or not the intake of a given trace
element is met. This requires
introduction of the concept

of nutrient density, or the
amount of a given micronutrient
contained in 1,000 kcal of a giv-
en individual's diet. The mini-

‘mfum daily intake of energy

compatible with good health for
persons over 74 years of age,
as specified by the RDA Com-
miltee, is 1,200 kcal for women
and 1,650 kcal for men. With
respect 1o trace elements, there-
fore, we can define critical nu-
trient density as the level of a
trace element in 1,000 kcal of a
diet that will provide the RDA
(or the lower limit of the SADDI)
when an individual meets his
or her daily energy needs with
the minimal caloric intake com-
patible with good health.

The caltulated critical nu-
trient densilies for iron, zinc,
and iodine established by the

RDA Committee are presented
in table 3. These elements are
discussed in the remainder of

part 1.

Iron

The primary function of iron is
the transport of oxygen from
the lungs to actively metaboliz-
ing tissues. As a consequence,
two thirds of all body iron is
incorporated into the hemoglo-
bin-of red blood cells. Iron, how-
ever, formns part of many other
metalloproteins, including myo-
globin, the cytochromes, and
various cellular dehydrogenases.
Apart from its effect on hemo-
globin, iron deficiency can ad-
versely affect muscle metabo-
lism, CNS alertness, and white
blood cell function.

For the elderly, the RDA of
iron is 10 mg; thus, the critical
nutrient density is 6.1 mg/1,000
kcal for men and 8.3 mg/1,000
kcal for women. Usual daily in-
take of iron in this age-group is
10.4 to 11.3 mg in men and 7.4
to 9.6 mg in women.”

Iron is most casily absorbed
from meals that contain meat
because the iron in neat is
more ahsorbable than that in
other foods and bLecause meat
enhances the biologic aviilabili-
Lty of inorganic iron. Ascorbic
acid exceeding 50 g in a incal
also enhances the bioavailability
of inorganic iron. Since the con-

cordinued
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In the absence of demonstrated iron cepletion
_inthe elderly, no reasonable indicalions
, exist for iron intake much above the recommended
dietary allowance.

sumplion of both meat and vila-
min C may be reduced in the
diet of older persons, the poten-
tial bioavailability of the iron
they consume is probably, in
general, low.

On the other hand, older per-
sons are likely to have a full
complement of storage iron from
lifelong accumulation of iron re-
serves. Men achieve this status
early in life, while women do
so only after menopause.® Thus,
the need for iron in the majority
of the elderly—especially wom-
en—probably is less than that
for younger persons.

Total Jean-body mass is re-
duced in old age, and the overall
demand for oxygen to serve
metabolically active tissues is
diminished. Earlier survey data®
suggested that senescence de-
creases intestinal absorption of
iron. Recent evidence,'® howev-
cr, has shown that iron-defi-
cient elderly persons have a
compensatlory increase in intes-
tinal iron uptake cqual to that
of younger iron-depleted sub-
jects. The tendency to absorb
less iron with age'' may, indeed,
be an appropriate adaptation
to the higher total-body iron
' stores., In a curious finding,

riod than among the survivors.
The magnitude of risk conferred
by an isolated finding of hypo-
ferremia cannot be established
from this study, but it is proba-
bly small.

The only way to lose signifi-
cant quantities of iron is via
blood loss. Elderly persons with
diseases that produce occult or
acute blood loss will, of course,
have higher requirements for
iron both during and after the
cause of the bleeding has been
treated. Gastric resection re-
duces the capacity to absorb
iron and predisposes lo iron de-
ficiency.

In the absence of demonstrat-
ed iron depletion, no reasonable
indications exist for iron intake
much above the RDA levels. Ex-
cessive iron consumption is ac-
companicd by tissue overload
(siderosis), which is usually be-
nign. Iron overload, however,
can predispose to amebiasis and
other intracellular infections'?
and increases the destruction
of ascorbic acid.'* Excessive
amounts of iron in the diet can
also reduce the cffective absorp-
tion of .zinc, manganese. and
Ccopper.

Zinc

Zinc is a component of many
mammalian metalloenzymes. It
also has a role in protein syn-
thesis and in stabilization of cel-
lular micinbranes. s physiologic

' Meinz and associales' demon-

+ strated thgt low senam iron con-

+ centrations in a cohort of elderly

. Missouri residents were more
prevalent among those who died
during a four-year follow-up pe-

-
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roles include growth and cell
division, wound healing, retinal
function, tasle acuity, immune
protection, and reproduction.
The last function is less rel-
evant in the elderly than in
younger persons. However, zinc
deficiency reduces the produc-
tion of testosterone,'® which
tends to alter the libido and sex-
ual capacity of older men.

The RDA of zinc for the elder-
ly is 15 mg; thus, the critical
nutrient density is 9.1 mg/1,000
kcal for men and 12.5 mg/1,000
kcal for women. On the basis of
two national nutrition surveys
of the dietary composition and
mean energy intake of elderly
subjects, Sandstead and asso-
ciates'® estimated the average
daily requirements of zinc in the
US population 65 to 74 ycars of
age to be 10.1 mg for men and
6.5 mg for women. These de-
rived data agree with actual
measurements made in regional
surveys in Indiana. In essence,
the elderly consume from 50%
to 67% of their RDA for zinc.

On the basis of studies in
young subjects who consume
a mixed diet, Sandstead and
associates'® estimated that an
intake of as little as 5.3 mg of
zinc daily may be sufficient for
those on a low-protcin, low-
phosphorus diet, while as much
as 17.4 mg might be needed for
thiose on a hl"h -protein, high-
phasphos diel. The dict of ¢l-

derly Americans is more likely
to approximalte the former pat-
tern, but the extrapolation of
these data to an aged population
can be only tentative at best.

Indexes of zinc nutriture often
indicate a low-zinc status in el-
derly populations. Lindeman
and associates'” noted a pro-
gressive fall in plasma zinc
levels from age 20 through
80 years in a cross-section of
healthy adults, but red-cell zinc
levels remained slable through
adult life. Kohrs and asso-
ciates'® found serum zinc levels
below 70 pg/dl in 57% of a'sam-
ple of white elderly subjects in
Missouri. Wagner and asso-
ciates'® found deficient circu-
lating zinc levels in a compara-
ble percentage of rural black
clderly subjects in Florida. How-
ever, a variable incidence of low
circulating zinc levels in elderly
populations has been docu-
mented overall in the sundry
reports reviewed by Sandstead
and associates.'®

As lean-body mass is reduced
and cell turnover rates are
slowed by the aging process, the
tissue requirements for zinc
might theoretically be reduced.
For certain cell lines, however,
aging may impair vital physio-
logic processes. This is notable
for T cells. which direct the cel-
lular immune response.?92! A
large nurnber of clderly prirsons
Lave abnorinal T ccll resnanses
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in vitro and cutaneous anergy
to tests of delayed hypersensi-
tivity. Phagocytic responses are
depressed in the presence of a
low plasma zinc level,22 which
might increase susceplibility to
infection.

Platelet aggregation is also de-
pressed by low zinc levels.?®
This might either protect against
propagation of intravascular
thrombi or predispose to damag-
ing vascular microhemorrhages.
Conditioned zinc deficiency is
associated with a number of
diseases likely to affect older
subjects.** These include can-
cer, malabsorption, diabetes,
alcoholism, celiac disease or
sprue, and uremia.

A number of rationales have
been offered for the routine ad-
ministration of pharmacologic
doses of zinc to the clderly. One
of these suggests that zinc sup-
plementation promotes wound
healing. However, this effect is
observed only when a preexist-
ing zinc deficiency is present.'t
Another rationale is based on
speculation that a reduced gus-
tatory sense may contribute to
apathy toward food and reduced
dietarv intake in elderly persons
with hypogeusia. In the one
well-designed trial of zine sup-
plementation in the elderly.”™ no
beneficial effect on taste acuity
was dctected. Thus. ncither of
these two rationales justifics ex-
ceesive zine intake.

contiriticed
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lodine is important to
the thyroid gland’s
physiologic regulation
of oxidative tissue
metabolism.
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A more challenging rationale
has recently evolved in the con-
text of the depressed cellular
immune response of aging. Bel-
gian investigators were the first
to report an immune-system
stimulatory effect in the elderly
after short-term administration
of therapeulic doses of zinc,
ranging from 100 to 150 mg/
day for four weeks.?627 Zinc sup-
plementation significantly in-
creased the number of positive
results of skin tests to a battery
of antigens (PPD, streptoki-
nase-streptodornase, Candida)
in 15 healthy institutionalized
subjects over 70 years of age
compared with a placebo group
matched for age and sex.?¢ This
increase was associated with
an increase in total number of T
cells within the lymphocyte pool
and an enhanced amnestic 1gG
response 10 tetanus vaccination.
Circulating zinc was nol mea-
sured.

In a subsequent report,?” the
in vitro response to the T cell
mitogen concanavalin A was
enhanced by zinc supplementa-
tion in women aged 40 to 60
vears but not in younger wom-
e¢n. Serum zinc levels were not
depressed initially in any of the
groups; supplementation pro-
duced a significant increment in
mean zihe concentration but
did not affect serum copper.

In the United States, Wagner
and zesoriaies” recently report-
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ed a study conducted in Florida
among 173 rural elderly sub-
jects aged 60 to 97. Of these, 38
(22%) were anergic to four recall
antigens. Supplementation with
55 mg of zinc for four weeks
restored reactivity in some.

Excessive inlake of oral zinc
can produce toxic side effects.
An occasional subject has bleed-
ing gastric erosion.?® Several
studies?3' have shown that
consumption of 150 mg/day of
elemental zinc for prolonged pe-
riods results in frank copper de-
ficiency anemia. Therapeutic
doses of zinc occasionally pro-
duce epigastric distress and
nausea when taken on an emp-
ty stomach, but this reaction
usually subsides with continued
administration, and thercafter
the zinc is well tolerated.

Iodine

lodine is a component of the
thyroid hormone thyroxine (T,)
and the biologically active moi-
ety triiodothyronine (T3). Thus,
iodine is important to the thy-
roid gland's physiologic regula-
tion of oxidative tissue metabo-
lism. Adequate intake of iodine
is necessary to prevent the de-
velopment of siimple jendeiic)
goiter, which was common in
areas with a low cnvirorunental
content of iodine before initia-
tion of iudine fortification pro-

grams.
Tiie RDA of iodizice far 11 el-
Cadainiied
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derly is 150 pg: thus, the critical
nutrient density is 90 pg/1,000
kcal for men and 125 pug/1.000
kcal for women. Usual intake
of iodine depends on geographi-
cal location, spontaneous con-
sumption of iodine-rich foods
such as shellfish, and ingestion
of iodized table salt. lodine is
readily absorbed from food or
from potassium iodide, the com-
pound usually used to fortify ta-
ble salt.

No specific factors of aging
appear to stress the require-
ment for iodine. This trace ele-
ment is stored abundantly in
the thyroid gland, and an io-
dine-replete elderly person could
prabably continue on an iodine-
poor diet for many years with-
out exhausting accumulated re-
serves. No diseases of aging spe-
cifically deplete iodine stores,
and there are no rcasonable in-
dications for extra intake of io-
dine by elderly persons. Howev-
er, iodine is a relatively innocu-
ous element: in the coastal pop-
ulation of Japan. regular daily
intake of 1 mg or more from
seaweed and shellfish has no
apparent detrimental conse-
quences to health.?
| LINEN - WP TI A A G B T = SL VR P P A e B LA e ]

Summary

Trace elements play a poorly
understood role in human me-
tabolisin and nutrition. In the
elderly, the normal eflects of
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aging further complicate an
understanding of trace ele-
ment nutriture. The RDA
standards established to date
for the elderly have important
limitations in that “*healthy"’
persons 51 years of age and
older constitute a single, re-
grettably imprecise category.
Although any minor ele-
mental constituent of the body
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