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What Types of Nutrition Research
Give the Best Benefits?

In this high-tech era of molecular biology, designer-drug therapies
and gene therapy, good nutrition absolutely remains the single
most cost-effective way to improve the health and well-being of
the greatest number of individuals on our planet. For most people,
learning what a “healthy diet” is and how to provide a seasonably
variable diet that provides the basic nutrients needed for health is
the greatest single nutritional challenge for creating improved
health in the Western and developing countries alike.

In the Western countries we cumulatively spend hundreds of
millions of dollars studying how to use molecular biology,
designer-drug therapies, and gene therapy to prevent and treat our
Western diseases, such as heart disease, diabetes, cancer, and
obesity. Although understanding the biochemical pathways that
are responsible for these diseases is important, there remain sub-
stantial problems with regard to cost effectiveness. Given that
these Western diseases have been absolutely linked to what we
aso cal the Western diet, perhaps we need to consider our
approach to disease prevention and treatment. Even in the most
affluent Western countries, the disease therapies that use these
expensive new technologies will remain financially unattainable
for many persons with access to the best state-run or privately run
health care systems and will remain so for decades to come, if not
forever. But when one looks at poor countries, such as Nepal,
where the yearly per capita income hovers near $1100, the “solu-
tions’ promised by high-tech medicine will remain forever inac-
cessible. This indeed is the reality for most people on the planet.

The immense funds we divert toward what Dr. Temple calls
“complex research” prevent our understanding of what basic pre-
ventative nutrition should be in Western and developing countries
dike. In contrast, “simple research” consists of epidemiologic and
intervention trials that seek to directly identify the factors that
cause or prevent disease. This is augmented by the use of bio-
chemical and physiologic measurements primarily as indicators of
disease risk. Dr. Temple nicely highlights some of the problems
inherent in what he calls “complex research.” This is research
where in vitro biochemical and cell culture observations are used
as the primary method for generating hypotheses to be tested by
larger, more expensive, and complicated clinical trials.

Recent studies on vitamin E and B-carotenel? are classic re-
minders of how ideas that start as in vitro biochemical observa-
tions often fail to generate conclusions that can be supported by
labor-intensive and enormously expensive intervention studies.
Even though we will undoubtedly continue to discover how the
genetic heritage of individuals and populations place us at risk for
specific forms of malnutrition, it is areality that the era of discov-
ering diseases caused by single nutritional factors are pretty much
gone. This may be a difficult reality for many nutrition researchers
to accept and is the cause for a need to change our perspective.

It is more probable that minerals, vitamins, and other nutrients
in our foods act synergistically to prevent disease and promote
hedlth. Thereisvery little chance that the entire world’ s population
could benefit from any single nutritionally derived molecule that
can be identified from complex research, biochemically isolated
and placed in apill, inserted into agrain of rice, or transfected into
the human genome cost effectively to reduce our risk for Western
diseases.

The Western diseases are for the most part caused by a muilti-
tude of nutritionally related factors linked to the Western diet, with
additional confounding from genetics, lifestyle clusters, exercise,
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and exposure to environmental carcinogens. There are no easy
solutions on to how to deal with the problem of confounding in
studies of nutrition and these diseases. However, Dr. Temple
makes light of some of the approaches to recognizing the problems
with confounding and limiting its influence on study results. The
first and foremost method to limit confounding problems is, of
course, the inclusion of large numbers of participants. Although
expensive, when these large studies use biochemical and physio-
logic measurements as indicators of disease risk, these cohort
studies clearly have had the most impact on improving our lifestyle
through improved nutrition.

Wide disparities will always be present with regard to access to
medical technology, yet healthy food will aways remain the most
available method for people of the Western and developing coun-
tries to remain healthy. It is for these reasons that simple research
using large cohort studies will remain the single most cost-
effective way to most equitably improve the health of the largest
number of people on our aready crowded planet.
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Intestinal Zinc, Iron, and Copper
During the Perinatal Period

Although a substantial body of research on human-milk composi-
tion and the advantages of breast feeding have increased our
knowledge on the subject, there are some unanswered questions
pertaining to the pattern of trace-element concentrations in human
milk and nutritional consequences for breast-fed infants. The well-
regulated mechanisms that transfer zinc, iron, and copper from
maternal plasma to the mammary gland alow only a certain
amount of these elements to pass to milk through specific carrier
proteins. Whereas this regulatory process maintains iron and cop-
per at relatively constant levels throughout lactation, high zinc
concentration, characteristic of colostrum, decreases during the
period of the infant’s high nutritional demand, thus raising impor-
tant considerations. Data from comprehensive reviews of zinct and
iron and copper? in breast milk are shown in Figure 1.

A positive nutrient balance and a nutrient intake proportional to
somatic growth are expected during the infant’ s fast growth period
coupled with increased metabolic functions due to organ matura-
tion. Although thisis the case for most nutrients provided in breast
milk, the infant’ s hepatic reserves compensate for the low concen-
trations of trace elements in breast milk, especially iron and
copper. However, in early postpartum days, there is a decrease in
the infant’s total zinc intake due to a sharp fal in milk zinc
concentration not compensated for by the increased milk yield. In
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FIG. 1. Median concentrations of zinc,* iron, and copper2 in human milk as
function of lactation age.

addition, during the perinatal period there is a negative zinc
balance in term infants that lasts longer in preterm infants.3 This
“excessive loss’ of lumenal zinc in the infant’s feces seems to be
the result of an increase in the exchangeable zinc pool4 but also
may represent a pathophysiologic asset associated with gastroin-
testinal maturation during the transition from intra- to extrauterine
life.

The important changes related to organ growth, morpho-
logic differentiation and functional maturation of the intestines,
are associated with colostrum ingestion.5 Colostrum is high in
zinc but relatively low iniron and copper (Fig. 1), thus creating
high ratios of zinc to those elements. Such ratios can range
from 8.26 to 15.4 for zinc to iron and from 7.14 to 41 for zinc
to copper.12 It may not be a coincidence that the chemical
composition of meconium shows that zinc is higher than either
copper or iron, with a zinc-to-iron ratio of 3 to 7 and a
zinc-to-copper ratio of 3.5 to 4.1.2

The concentrations of metals leaving (with meconium) or
entering (with colostrum) the intestinal milieu reflect metabolic
events or infant needs peculiar to the transition from fetal (intra-
uterine) to neonatal (extrauterine) life. However, the importance of
such a micronutrient balance has not been fully comprehended.
The physiologic “excess’ of zinc in relation to iron and copper in
colostrum and meconium may benefit the immature organism in
the prenatal and neonatal stages. If so, proprietary formulas or
breast-milk substitutes do not maintain the proportions of zinc to
iron and zinc to copper found in human milk.

Besides specific immunoproteins, the protective effect con-
ferred by human milk may be through its peculiar chemical
composition. One such characteristic, the iron-withholding bacte-
riostatic activity, is an important defense against pathogenic mi-
croorganisms. A low concentration of tightly bound iron, coupled
with a high zinc-to-iron molar ratio, can enhance such a bacteri-
ostatic effect. In vitro studies have demonstrated that zinc en-
hances the iron-binding capacity of lactoferrin.6 Marchetti et al.”
showed that zinc-saturated lactoferrin as opposed to other milk
proteins, such as a- and B-lactoglobulin, was the sole compound
capable of inhibiting a phase of infection of polivirus type 1
internalization into host cells. Further, saturation of milk lactofer-
rin with iron leads to loss of its bacteriostatic property.8

During a short postpartum period, there is an emergence of
antioxidant enzymes that are fundamental in protecting newborns
against free radicals.® Also, protection against oxidant injury can
be accomplished by the antioxidant effect of iron depletion.1°
Therefore, it is worth noting the warning of Weinberg'® with
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regard to the potentially hazardous amounts of iron in infant
formulas.

Although the ratio of zinc to copper in plasma can be a
predictor of mortality in patients infected with human immunode-
ficiency virus type 1,12 it is unclear whether an excess of zinc in
relation to copper could also benefit the immature organism in the
prenatal or neonatal stages. Excess dietary zinc slows down intes-
tinal copper absorption. After supplementing breast milk with zinc
and copper to increase their concentrations to 8 and 0.4 mg/L,
respectively (zinc:copper, 20), Ehrenkrantz et al.13 found a signif-
icantly higher excretion of copper in premature infants. Such metal
concentrations are comparable to the upper limits of colostrum
concentrations. Besides the decreased absorption of iron or copper
and a substantial decrease in percentage of net absorption and
retention of copper, no other adverse effect was observed in
formula testing studies.

Present concepts of formula or breast feeding have not suffi-
ciently addressed trace-mineral imbalances or suboptimal zinc
nutrition status during the perinatal period. Nevertheless, the con-
cerns about iron supplementation seem central in pediatric nutri-
tion. Meanwhile, evidence shows that, at early ages even with
breast feeding, zinc deficiency or suboptimal zinc nutrition status
is an important issue in pediatric nutrition.t A metabolic role
designed to protect the transitional immaturity of the young infant
from harmful pathogens or chemical insults could benefit from the
peculiar pattern of zinc in relation to copper and iron in human
milk.
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