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This review concludes a five-part series examining zinc
in terms of its biochemistry and physiology, metabo-

lism, dietary requirements, nutritional assessment, and states
of excess and deficiency.

Trace elements are of great biochemical interest. Scien-
tists have debated whether they are merely dietary contami-
nants, the bodily requirements of which can be met in all but

the most unusual circumstances. New evidence supports that
elements, such as zinc, once thought to have no nutritional
relevance, may be deficient in large sections of the human
population. This review discusses the phenomena of zinc de-
ficiency and toxicity and their associated risk factors. Thera-
peutic methods for the treatment and prevention of zinc
deficiency are outlined.
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pects of trace elements: Zinc in human nutrition – Zinc deficiency
and toxicity. Can J Gastroenterol 1996;10(2):97-103. Available
evidence suggests that trace elements, such as zinc, once thought
to have no nutritional relevance, are possibly deficient in large
sections of the human population. Conditioned deficiencies have
been reported to result from malabsorption syndromes, acroder-
matitis enteropathica, alcoholism, gastrointestinal disease, ther-
mal injury, chronic diseases (eg, diabetes, sickle cell anemia), and
in total parenteral nutrition therapy. Awareness that patients with
these problems are at risk has led health professionals to focus in-
creasingly on the importance of zinc therapy in the prevention and
treatment of deficiency. More recently zinc toxicity and its role in
human nutrition and well-being have come under investigation.
Reports have focused on the role of zinc toxicity in causes of cop-
per deficiency, changes in the immune system and alterations in
blood lipids. As the numerous challenges presented by the study of
zinc in human nutrition are met, more appropriate recommenda-
tions for dietary and therapeutic zinc intake are being made.
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Aspects cliniques des éléments traces : le zinc
dans la nutrition humaine – déficit en zinc et
toxicité

RÉSUMÉ : Selon les preuves recueillies à ce jour, les éléments traces,
comme le zinc, autrefois jugés superflus sur le plan de la nutrition, sont
probablement déficients chez d’importants groupes de populations.
Les déficits conditionnés pourraient résulter du syndrome de malab-
sorption, de l’acrodermatite entéropathique, de l’alcoolisme, de mala-
dies digestives, de lésions thermiques, de maladies chroniques (comme
le diabète, l’anémie à hématies falciformes) et de l’alimentation par-
entérale. Sachant que ces patients sont exposés à un risque, les profes-
sionnels de la santé ont été amenés à s’intéresser à l’importance du
traitement à base de zinc dans la prévention et le traitement de ce défi-
cit. Plus récemment, la toxicité liée au zinc et son rôle dans la nutrition
et la santé de l’être humain ont fait l’objet de recherche. Certains rap-
ports ont porté sur le rôle de la toxicité liée au zinc dans le déficit en
cuivre, sur les changements qui affectent le système immunitaire et sur
l’altération des lipides sanguins. À mesure que nous relèverons les défis
que représente l’étude du zinc dans la nutrition humaine, nous arriv-
erons à formuler des recommandations appropriées pour l’apport en
zinc diététique et thérapeutique.
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ZINC DEFICIENCY
Primary zinc deficiency syndrome (ie, due to inadequate

dietary intake and/or poor availability) is characterized by
dwarfism, hypogonadism, anorexia, mental lethargy and
skin lesions (Table 1). This condition was first reported in
males from the Middle East (1). Patients with similar symp-
toms were subsequently encountered in Egypt. In North
America and New Zealand, overt and severe nutritional zinc
deficiency was first seen in patients receiving either par-
enteral nutrition or enteral feedings without zinc supple-
ments (2). Later, secondary zinc deficiency (ie, due to states
of decreased absorption, excessive excretion and/or exces-
sive use) was also documented in the presence of renal and
liver disease, and in association with burns and alcoholism.
Two genetic disorders, acrodermatitis enteropathica and
sickle cell disease, are also associated with suboptimal zinc
status.

The features of severe zinc deficiency occur as part of a
recognizable ‘syndrome’. Skin lesions resembling acne vul-
garis are characteristically the first symptoms to emerge
(3-5). Patients often develop alopecia, intractable diarrhea,
decreased taste acuity (hypogeusia) and mental depression
(3-5). Most patients also acquire chronic infections as a re-
sult of immune disorders (3-5). Hypogonadism (in males),
abnormal dark adaptation and anemia have been experi-
enced by severely zinc-deficient subjects (4-6). Hepatosple-
nomegaly has been found in zinc-deficient patients also
presenting with severe iron deficiency anemia (6). Because a
number of these features are commonly associated with other
biological insults that interfere with protein and nucleic acid
synthesis, zinc deficiency should only be diagnosed after a
thorough clinical investigation and detailed history (3). If
untreated, the zinc deficiency syndrome proves to be fatal
(4).

ETIOLOGY OF ZINC DEFICIENCY
Inadequate intake and absorption – Malnutrition: The most
common cause of zinc deficiency is malnutrition (6), a dis-
ease that is usually associated with other deficiencies includ-
ing that of other trace elements and protein. Zinc stores in
bone and muscle are not readily available under conditions of
insufficient oral intake. Therefore, zinc deficiency may easily
develop at any time (Table 2). Nutritional zinc deficiency oc-
curs throughout the world, but is more prevalent in develop-
ing countries where the chief dietary staples, cereal grains and
animal proteins, are lacking from the diet (6,7). In addition,
geophagia and pica, practised in both developing and indus-
trialized countries, can render ingested zinc unavailable for
absorption (6). Due to the numerous factors that can affect
the bioavailability of zinc, borderline zinc deficiencies may be
widespread in both North America and western Europe.

Other factors that can predispose one to zinc deficiency
include vegetarianism, restricted protein diets, synthetic di-
ets (eg, for the management of inborn metabolic errors) and
low socioeconomic status, especially in the elderly (8,9).
Plasma zinc concentrations and dietary zinc intake levels
have been found to be relatively low in the elderly (8,10), in
whom the presence of disease states and/or the use of medica-
tions and supplements may more readily precipitate secon-
dary zinc deficiency states (11).
Increased requirements – Pregnancy, lactation and growth:
Zinc deficiencies can also be triggered by increased bodily re-
quirements, for example, during pregnancy and lactation,
and during the rapid growth phases of infancy, childhood and
adolescence (6). Maternal zinc deficiencies may result in
congenital malformations, including spina bifida and central
nervous system abnormalities. These malformations have, in
fact, been prevalent in countries where zinc deficiencies are
widely reported (12). In one study, mild zinc deficiencies dur-
ing pregnancy were associated with increased maternal mor-
bidity, hypogeusia, prolonged gestation, inefficient labour,
atonic bleeding and increased risks to the fetus (13). The in-
crease in metabolic requirements for zinc during pregnancy is
quite modest, especially early in the gestational period (14).
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TABLE 1
Signs and symptoms of zinc deficiency

Skin lesions

Alopecia

Diarrhea

Hypogeusia

Mental depression

Chronic infections

Impaired wound healing

Abnormal dark adaptation

Anemia

Growth retardation

Hypogonadism

Hypospermia

TABLE 2
Factors predisposing to zinc deficiency

Acrodermatitis enteropathica Lactation

Alcoholic cirrhosis Low socioeconomic status (elderly)

Alcoholism Malabsorption syndrome

Anorexia nervosa Nephrotic syndrome

Antianabolic drugs Pica

Antimetabolic drugs Pregnancy

Burns (thermal injury) Prematurity

Celiac disease Protein-energy malnutrition

Chelating agent therapy Protein-losing enteropathies

Chronic blood loss Proteinuria

Crohn’s disease Renal failure

Diabetes mellitus Restricted protein diets

Diarrhea Short bowel syndrome

Diuretic therapy Sickle cell anemia

Excessive sweating Starvation

Geophagia Steatorrhea

Growth Synthetic diets (eg, inborn errors)

Hemolytic anemias Total parenteral nutrition

Inflammatory bowel disease Uremia

Intestinal resection Vegetarianism
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In comparison, the increase in metabolic requirements for
zinc during lactation is relatively large, especially in the early
weeks (14).

In infancy, several factors may contribute to the develop-
ment of zinc deficiency, including the effects of rapid growth
(7). The low zinc concentrations found in infant formulas
before regulations requiring routine supplementation with
zinc once put American infants at risk (7).

One of the most vulnerable periods with respect to zinc
deficiency is during the sexual maturation phase of adoles-
cence. Zinc deficiency has been diagnosed in adolescent
males with dwarfism and infantilism; subsequent zinc sup-
plementation results in rapid height gain and growth of sex-
ual organs. Very few studies have addressed zinc deficiency
in females.
Congenital zinc absorption defect – Acrodermatitis entero-
pathica: The most clear-cut human zinc deficiency disorder
is acrodermatitis enteropathica, a rare but possibly lethal in-
herited congenital defect in zinc absorption (3). The disease
is not present at birth, but typically develops in the early
months of life, soon after the infant is weaned from breast
milk. Classic presentation consists of a progressive bullous
pustular dermatitis of the extremities and urogenital areas
(6). Vomiting, alopecia, diarrhea and failure to thrive are
common. Some patients present with neuropsychiatric dis-
turbances including irritability, emotional disorders, tremors
and cerebral ataxia (6). Hypogonadism and growth retarda-
tion are also prominently evident (6). Zinc therapy offers a
complete cure to these patients (7).
Alcoholism: Excessive alcohol consumption exerts an ad-
verse effect on zinc nutriture. Conditioned zinc deficiency
has been described for alcoholic individuals both with and
without liver cirrhosis (15). It is believed that high alcohol
intake induces zinc deficiency via poor dietary intake (16),
reduced zinc absorption (17), increased urinary zinc losses
(7,15) and decreased affinity of albumin for zinc (18). In a
study on ethanol metabolism in postmenopausal women fed
a diet marginal in zinc, dietary zinc levels seemed to have a
significant effect on alcohol metabolism (19). Compared
with levels found during either the control or the zinc reple-
tion periods, more ethanol appeared in the blood and a larger
percentage of the peak concentration remained 4 h after in-
gestion at the end of the period of marginal zinc intake.
These changes may be due to reduced metabolism caused by
the actions of alcohol dehydrogenase by the stomach, gut
and/or other organs, changes in the rate of gastric emptying
and absorption, and changes in renal clearance of alcohol.
These data are consistent with those reported by Das et al
(20), who conducted studies on rats. The chronically alco-
holic person who becomes zinc depleted may be unable to
metabolize alcohol adequately, which would render alcohol
more toxic to this individual (19).
Gastrointestinal disorders – Diarrhea: The high preva-
lence of zinc deficiency seen in the developing world has
been closely correlated with diarrheal diseases, which result
in significantly elevated zinc losses (6). Diarrhea also
occurs as a direct result of zinc deficiency in more moderate

zinc deficiency states. Changes in intestinal bacteria
flora, secondary to deficits in immunocompetence, may
play a role in the development of such diarrhea (21). Zinc de-
ficiency has also been reported in patients with steatorrhea
(6,7). In an alkaline environment, zinc can be expected to
form insoluble complexes with fat and phosphates. Thus, fat
malabsorption can result in an increased loss of zinc in the fe-
ces (7).
Crohn’s disease: A number of studies have suggested that
zinc deficiency may be a complication of Crohn’s disease.
Some clinical features of Crohn’s disease are very similar to
the clinical manifestations of zinc deficiency. Impaired ab-
sorption, increased rate of elimination and poor dietary in-
take of zinc have all been postulated as possible causes for the
zinc deficiency seen in Crohn’s disease. Hypogonadism and
growth retardation have been frequently observed in Crohn’s
disease patients who were unable to meet their zinc require-
ments (7). Crohn’s disease is usually accompanied by low
plasma zinc values. Fleming and colleagues (22) reported that
46% of their Crohn’s patients had low plasma zinc. Disease
activity was found to be correlated to urinary zinc excretion
but not to serum zinc, suggesting that disease severity may
have a correlative effect on zinc metabolism. Other studies
have shown that people with Crohn’s disease experience a
lower absorption of zinc than controls (23,24).
Celiac disease: Impaired zinc status in patients with celiac
disease, as assessed by low plasma zinc concentrations and re-
duced taste acuity, has been described by Solomons et al (25).
Loss of zinc, caused by its binding to fat lost in the stool or by
protein-losing enteropathy, may explain, in part, this zinc de-
ficiency state. However, it has been suggested that excessive
zinc sequestration in the small intestine due to enhanced mu-
cosal turnover may also be a causative factor (25). The main
sites of zinc absorption appear to be the duodenum and jeju-
num, which are also the sites of the most pronounced mucosal
lesion development in celiac disease. Pediatric patients with
celiac disease also have low plasma zinc values (26). Chronic
diarrhea in this age group may lead to low plasma zinc, and
the extent and duration of the diarrhea may relate to the pre-
cipitation of a zinc deficiency state (26).
Thermal injury: Burn patients often develop zinc deficiency
because of the increased energy needs and exudate losses they
experience. Increased urinary zinc excretion is also a well-
documented feature of thermal injury (27). Altered renal
handling of zinc observed in thermally injured patients has
been shown to result in excessive zinc losses (27). For exam-
ple, Boosalis et al (27) reported a total urinary zinc loss of
120 mg for the first 30 days after thermal injury. If the losses
extend for long periods, or occur in a previously malnour-
ished person, zinc status may be compromised, and this defi-
ciency may affect immune functions and wound healing. The
contribution of zinc deficiency to the morbidity of burned pa-
tients has not yet been defined (7).
Chronic disease – Sickle cell disease: Sickle cell disease is of-
ten accompanied by zinc deficiency. Certain clinical features
are common to both, including delayed puberty, male hypo-
gonadism, rough skin, poor appetite and chronic leg ulcers

Zinc deficiency and toxicity
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(7). Because zinc is an important constituent of erythrocytes,
the elevated zinc losses that occur with continued hemolysis
may lead to a zinc-deficient state. Detailed studies have re-
vealed decreased zinc levels in plasma, erythrocytes, neutro-
phils and hair (7), and assays of zinc-dependent enzymes
have confirmed zinc deficiency states in patients with sickle
cell anemia.
Diabetes: Most research on zinc absorption in diabetes has
involved the streptozotocin (STZ) rat, and the relevance of
such research for diabetic humans still needs to be assessed.
Unlike STZ rats, diabetic humans do not show any increases
in zinc absorption. Instead, data obtained by Kinlaw and co-
workers (28) show that serum zinc uptake is lower in type II
diabetes patients. These authors found a correlation between
urinary zinc losses and glucose infusions, and they suggest
that impaired intestinal absorption and increased urinary
losses may produce zinc deficiencies in these patients.
Renal disease: Severe symptomatic zinc deficiencies have
not been reported in the case of renal disease, but there is evi-
dence of disturbed zinc metabolism during renal failure. Sev-
eral studies performed on uremic patients with chronic renal
disease have found low zinc concentrations in plasma, leuko-
cytes and hair (29,30). Zinc supplementation for chronic renal
patients was shown to improve abnormal taste sensations and
to cure impotence (29). The impotence experienced by pa-
tients with both chronic renal failure and zinc deficiency may
reflect the correlation between zinc deficiency and hypo-
gonadism (6). Prolonged zinc therapy increases the zinc con-
tent of leukocytes, hair and plasma (20).
Iatrogenic zinc deficiency: Possible iatrogenic causes of zinc
deficiency include use of chelating agents, antimetabolites,
antianabolic drugs and diuretics (7). Use of the chelating

agent penicillamine in the treatment of Wilson’s disease has
stimulated severe zinc deficiency (31). Treatment with an-
other aforementioned drug can cause patients to feel ill and
become anorectic. The subsequent state of starvation and the
catabolism of body mass may lead to increased urinary excre-
tion of zinc. Anticonvulsant drugs, such as sodium valproate,
have been implicated in causing zinc deficiency (9). Failure
to add zinc to total parenteral nutrition (TPN) is another
cause of deficiencies. In such cases, deficiencies can become
severe and result in conditions resembling acrodermatitis en-
teropathica.

TREATMENT OF ZINC DEFICIENCY
Symptoms of zinc deficiency rapidly resolve after zinc

therapy is initiated (6). Table 3 lists dosages for treatment of
zinc deficiency and maintenance states. Both oral and intra-
venous preparations of zinc salts are available. Zinc sulphate
heptahydrate (0.77 mmol of elemental zinc in 220 mg) is
used commonly, but other salts such as zinc gluconate (205
µmol of zinc in 100 mg) and zinc acetate (460 µmol of zinc in
100 mg) can be used.

Zinc salts have a wide therapeutic index and doses should
be tailored to match the patient’s clinical response (11). For
deficiency states, an initial daily dose of 15 µmol elemental
zinc/kg given orally or 5 µmol/kg intravenously has been rec-
ommended (11). Therapeutic regimens for the reversal of
chronic or acute zinc deficiency symptoms have used 40 to
80 mg intravenous zinc daily or 660 mg oral zinc sulphate
daily (32). Moran et al (32) suggested an intravenous dosage
of 1 mg/kg initially to treat an apparent deficiency; the dosage
is then lowered to 20 to 40 µg/kg to maintain the stable pa-
tient in remission. Daily doses of between 35 and 100 mg of
elemental zinc are usually adequate for the management of
acrodermatitis enteropathica. However, effective treatment
of acrodermatitis enteropathica has been reported with doses
only a little in excess (ie, 22 mg elemental zinc) of the
American Recommended Dietary Allowance of 15 mg for
adults (33).

The Expert Panel for Nutrition Advisory Group, Ameri-
can Medical Association (AMA) Department of Foods and
Nutrition, published its guidelines for essential trace element
preparations for parenteral use in 1979 (34). Included in the
recommendations were the suggested daily doses of intrave-
nous zinc necessary to prevent nutritional depletion. The
AMA-recommended intravenous dosage of elemental zinc
for pediatric patients is 100 to 300 µg/kg. Others have re-
ported requirements of 300 to 500 µg/kg/day for infants and
50 to 100 µg/kg/day for older children (7). Limited data are
available for infants weighing less than 1500 g; their require-
ments may be greater than these recommended dosages be-
cause such infants have low body reserves and increased
requirements due to their growth. Solomons (35) compiled
more refined estimations for TPN zinc requirements from
studies of tissue analyses of fetuses and from his experience
with patients undergoing parenteral nutrition. His recom-
mendations are 300 µg/kg zinc for premature infants (1.5 to
3.0 kg), 100 µg/ kg for full term infants (birth to one year),
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TABLE 3
Dosages for treatment of zinc deficiency and mainte-
nance states

State Form Dosage

Acute deficiency state

Adult Oral 1.0 mg/kg/day*

Intravenous 0.2 to 0.4 mg/kg/day*

Children Oral 5.0 mg/day†

Intravenous ?100+ µg/kg/day

Maintenance

Children Oral 2.0 to 9.0 mg/day‡

Intravenous 100 µg/kg/day¶

Stable adult Oral 12.0 mg/day (male)‡

9.0 mg/day (female)‡

Intravenous 2.5 to 4.0 mg/day**

Adult in acute catabolic state Add 2.0 mg/day to maintenance

dose**

Stable adult with intestinal

losses

Add 12.2 mg for each litre of

small intestinal fluid; add 17.1

mg for each litre of stool or

ileostomy output**

Acrodermatitis enteropathica

Oral 35-100 mg/day††

*Values based on reference 32; †Values based on reference 50; ‡Values based

on reference 51; ¶For premature infants, a daily intake of 300 µg/kg zinc has

been suggested (reference 35); **Values based on reference 40; ††Values

based on reference 33
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100 µg/kg for preschool children (one to five years), 2.5 to 4.0
mg for children (five to 12 years) and 2.5 to 4.0 mg for adults
(12 years and older). Recommendations for stable adult pa-
tients range from 2.5 to 4.0 mg/day.

Under conditions of stress, such as surgery and burns,
TPN supplementation requirements may be higher because
of increased catabolism, excretion or both (36). Thus, for
adults in an acute catabolic state an additional 2.0 mg zinc
should be added, increasing the daily intravenous infusion to
4.5 to 6.0 mg (34). For the stable adult patient experiencing
significant gastrointestinal losses, an additional 12.2 mg zinc
should be added for each litre of small bowel fluid loss or
17.1 mg/kg of stool or ileostomy output (37). This specific
replacement schedule was derived from the mathematical
fitting of balance data from a 71-week study of 24 patients
with gastrointestinal disease who were receiving TPN. A
formula for finding the quantities of zinc to be replaced was
developed by the researchers:

zinc replacement (mg/day) = 2.0 mg + 17.1a + 12.2b

where 2.0 mg represents the replacement for urinary losses, a
is mass (kg) of stool or ileostomy output and b is mass (kg) of
small bowel fluid loss via fistula, stoma or duodenojejuno-
colostomy (37).

Studies of individuals on TPN have shown that their uri-
nary losses can be elevated or normal (38,39). Urinary ex-
cretion of zinc has been noted to exceed 6 mg/day in some
instances (39). Therefore, additional allocations beyond the
2.0 mg suggested above may be necessary for individuals ex-
periencing high urinary zinc excretion.

The above AMA-suggested dosages are not absolutes, but
serve as guidelines for the initiation of zinc supplementation
and baselines for monitoring clinical response. It is, there-
fore, essential that zinc therapy be individualized giving due
consideration to each patient’s clinical condition. Renal ex-
cretion mechanisms can cope with modest excesses of zinc;
however, caution is necessary to ensure against excess dos-
ages, especially if the patient is experiencing renal dysfunc-
tion (40).

Monitoring of patient responses to zinc therapy can be ac-
complished by observing the resolution of clinical symp-
toms, a process that can begin to occur as rapidly as 24 h after
treatment initiation. Subsequent biochemical analyses of
plasma and urinary zinc levels may provide evidence of re-
pletion. It is important to note that biochemical indexes
must be interpreted with due consideration for their limita-
tions and potential confounding factors.

ZINC TOXICITY
Recent attention has focused on the potential effects of

zinc toxicity. Most reviews of zinc as an element indicate
that it is relatively nontoxic and that humans display consid-
erable tolerance to high intakes (41). For overt symptoms of
toxicity to develop, a relatively large amount of zinc must be
ingested. However, increasing evidence suggests that zinc
supplements, even in modest doses, may cause serious reper-
cussions (41).

Causes of zinc toxicity are outlined in Table 4. Most re-
ports of acute toxicity have been related to food poisoning
incidents (41,42). Several cases have resulted from the
storage of food or drink in galvanized containers; an emetic dose
of approximately 1 to 2 g zinc sulphate, corresponding to 225
to 450 mg zinc, is presumed to have leached out and caused
the toxic symptoms of nausea, vomiting, epigastric pain, ab-
dominal cramps and bloody diarrhea (Table 5) (41-43).
Other reports of zinc toxicity have been associated with the
inhalation of zinc chloride from industrial pollution (43).

Intakes of 100 to 300 mg/day zinc may be prescribed by
physicians as treatment for various medical problems, such as
sickle cell anemia and celiac disease. However, prolonged
therapy with such high doses causes severe copper deficiency
(41,44). This level of supplementation is thought to affect
copper metabolism by blocking copper absorption from the
intestine (41,43). Zinc toxicity may also induce a loss of up
to 50% of iron from the liver, followed by a much later loss of
copper (43). Both these losses may result in anemia.

Other reported consequences of zinc intakes of 100 to
300 mg/day include changes in the immune response and
blood lipids. In one study subjects took 150 mg zinc twice a
day for six weeks, which resulted in a demonstrated reduc-
tion in lymphocyte stimulation responses, chemotaxis and
phagocytosis of bacteria by polymorphonuclear leukocytes
(45). In addition, an increase in low density lipoprotein and
a decrease in high density lipoprotein (HDL) were observed,
although triglyceride and total cholesterol concentrations
did not vary significantly from baseline.

Several studies have provided evidence that zinc supple-
ments of between 15 and 100 mg/day, the amounts most fre-
quently chosen for self-supplementation, may also have
adverse results. A number of investigators have shown that
copper excretions and requirements are increased as a func-

Zinc deficiency and toxicity

TABLE 4
Causes of zinc toxicity

Food poisoning (galvanized containers)

Inhalation of zinc chloride

High dose zinc supplements

Parenteral zinc poisoning

TABLE 5
Signs and symptoms of zinc toxicity

Nausea

Vomiting

Bloody diarrhea

Epigastric pain

Abdominal cramps

Altered blood lipids (�LDL, �HDL)

Copper deficiency

Anemia

Altered immune response (�lymphocyte stimulation,

�chemotaxis, �phagocytosis)

HDL High density lipoprotein; LDL Low density lipoprotein
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tion of increased zinc intakes at these levels (46,47). Zinc
supplements may impair copper status unless there is ade-
quate or compensatory copper intake. Alterations in serum
lipoproteins have also been seen to accompany lower doses
of supplementary zinc. Decreased concentrations of HDL
cholesterol as a consequence of zinc dosages of 50 and 75 mg/
day for 12 weeks have been described (48). It has also been
demonstrated that the cessation of a modest zinc supplement
of approximately 30 mg/day was associated with an improve-
ment in HDL levels of healthy elderly subjects (41). Unsu-
pervised supplementation with zinc at these levels should be
discouraged.

Although parenteral administration of 2.5 to 4 mg zinc/
day has been recommended, much higher doses have some-
times been infused. Profuse sweating, blurred vision and hy-
pothermia were reported after five daily doses of 10 mg each
infused over 1 h (6). There have been few reported cases of
parenteral zinc poisoning. However, in the cases reported in
medical journals, most instances were due to errors in pre-
scription (49).

CONCLUSIONS
The extent to which deficiencies and excesses of zinc in-

fluence human health and well-being has been a popular
subject of debate. No other trace element has been credited
with such a variety of biochemical functions. Despite this in-
terest, many difficulties still exist in relating these biochemi-
cal functions to specific diagnostic signs of human zinc
deficiency and toxicity. Deficiency symptoms are nonspe-
cific, and there is a lack of information about which of the
many zinc pools is the most vulnerable, as well as about the
mechanism by which this pool exerts its effects. As a result,
interpreting and assessing the zinc status of the individual is a
challenge.

This review has outlined risk factors for the development
of zinc deficiency and suggested guidelines for individualized
zinc replacement. As we increasingly meet the many chal-
lenges presented by the study of zinc in human nutrition,
more appropriate recommendations for the dietary and TPN
zinc intake of individuals with diverse zinc needs will be
forthcoming.
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