
Zinc Introduction:  
Zinc deficiencies pose great risks to human health.  Zinc is essential for normal body functioning 
because it is present in all human cells. There is no storage mechanism in the body for zinc, so it 

must be consumed daily.  Zinc is primarily used in enzyme structure and function.   Without 
zinc, DNA and RNA are unable to replicate.  Cells with high turnover rates, such as skin cells, 
are the most affected but it is important to note that all cells will eventually by affected if left 
untreated.  Clinical manifestations of zinc deficiencies include diarrhea, dermatitis and depressed 

immunity because the body cannot regenerate the cells needed to stop these maladies.  Immunity 
is greatly diminished by zinc deficiencies and minor infections and diseases will wreak havoc on 
the body (Nutrition).  Most commonly, individuals, primarily children, are most affected by zinc 
deficiencies in two major ways.  A zinc deficiency can lead to long lasting and severe diarrhea.  

Diarrhea is a problem in developing countries.  Poor sanitation and poor drinking water leads to 
greater infection of populations, often resulting in diarrhea.  Someone with a zinc deficiency will 
be unable to replicate the cells in intestine that are affected by the diarrhea.   Zinc deficiencies 
are compounded by diarrhea because zinc is excreted in large quantities with the diarrhea, thus 

making the individual more susceptible to disease and future bouts of diarrhea.  Stunting is also 
associated with zinc deficiencies because zinc is needed for cells to replicate.  Without 
replication, there can be no growth of the human body.  Zinc is not the only prerequisite for 
growth, but without zinc, growth can be severely impaired. Severe zinc deficiency is 

“characterized by stunted growth, hypogonadism, impaired immune function, skin disorders, 
cognitive dysfunction, and anorexia” (IZiNCG 43).  

Zinc Deficiency Assessment: 
     Zinc deficiencies are of concern mostly in developing countries.  There are a few 

subpopulations within these countries that are at an increased risk; they are: children, pregnant 
women and those who are severely malnourished (Engle-Stone 1-2).  Zinc deficiencies cannot be 
assessed through direct measurement of zinc; only indirect measurements can be made.  A direct 
method would require learning the zinc status of each cell; this is impossible.  There are three 

indirect methods for measuring zinc levels.  One method is by measuring zinc serum levels.  
Blood must be taken from individuals in a hygienic and professional manner.  It is then analyzed 
for the zinc serum levels.  Zinc serum levels give a good indication about the level of zinc 
present in the body.  Serum zinc levels respond quickly to zinc supplementation or deprivations.  

Therefore, it easy to see if supplementation or fortification with zinc has been efficacious in 
treating a population’s deficiency.  When more than 20% of a population has low serum zinc 
levels, the population is considered to be at an elevated risk.  Another method is to perform 
quantitative dietary intake surveys to see if the population is consuming sufficient amounts of 

food with zinc.  This is done by observing quantity of food stuffs consumed and analyzing the 
content of zinc in those foods.  Depending on these values, a person or population can be 
categorized as getting sufficient or insufficient quantities of zinc.  A population is considered at 
an elevated risk if more than 25% of the population is not consuming enough zinc.  Stunting 

prevalence is the last way that zinc deficiencies can be analyzed.  If a child is less than -2.0 
standard deviations below the mean for their height-for-age, they could be suffering from a zinc 
deficiency.  Approximately 30% of children under the age of 5 are stunted.  As seen in Figure 1, 
much of the nutritional stunting in the world is found in Sub-Saharan Africa and Asia.  In many 

countries, prevalence of stunting is over 30%.  The global rate of stunting fails to show how 
serious the problem is in these regions of the world, the regions that must be the focus for 
improving zinc malnutrition.  Stunting is not dependent alone upon Zinc deficiencies so it cannot 



be the only method of determining zinc deficiencies.  The best way to determine if a population 
is suffering from zinc deficiencies is to use all three methods (Engle-Stone 1-2). 

     

Figure. 1 Prevalence of nutritional stunting in children under 5 years of age 

Source: International Zinc Nutrition Consultative Group (IZiNCG). Quantifying the risk of zinc 
deficiency: Recommended indicators. IZiNCG Technical Brief No. 1. Davis, CA: IZiNCG, 2007.  

Global Burden: 
The effect of zinc deficiencies is widely spread.  According to Caulfield and Black, “the 

estimated global prevalence of zinc deficiency is 31%, and ranges from 4% to 73%. The 
prevalence of zinc defic iency are low (4–7%) in AMR-A, EUR-A, EURC and WPR-A. 
Intermediate prevalences of 9–26% are found in AMRB, EUR-B and WPR-B. High prevalences 
are found in AMR-D (68%), throughout South and Central Africa (37–62%), North Africa and 

the Eastern Mediterranean region (25–52%), and South and South-East Asia (34–73%)”(261).  If 
the global population is currently around 6.79 billion people and 31% suffer from zinc 
deficiencies, this means that 2.1 billion people have a zinc deficiency.  The majority of those 
who are zinc deficient are found in poor Latin American countries, Africa and Asia; this is where 

programs should be focused.  Figure 2 shows these areas with the highest levels of zinc 
deficiencies.  According to Bhutta and Haider, zinc deficiencies are “responsible for 
approximately 800,000 excess deaths annually among children under 5 years of age. These 
deaths are related to diarrhea (176,000), pneumonia (406,000), and malaria (207,000) brought on 

by inadequate zinc intake” (43).  Caulfield and Black also identified the DALYs lost to zinc 
deficiency to be 28 million (272).  Horton et. al. have also identified the relative risks of other 
maladies associated with zinc deficiencies, “The relative risk of mortality associated with zinc 
deficiency is estimated to be 1.27 for diarrhea, 1.18 for pneumonia, and 1.11 for malaria, with 

similar effects for morbidity, in trials of preventive zinc supplements. Zinc deficiency is also 
associated with stunting, which has significant adverse effects on health and productivity”  (12).  
Zinc deficiency is a leading cause of death and disability in the world.  It can be prevented by 
ensuring that all people have access to zinc supplements, zinc fortified foods or foods high in 

bioavailable zinc. 



Figure 2.  Adapted from IZiNCG Technical Document no.1 Assessment of the risk of zinc deficiency in populations and 

options for itscontrol.  Hotz C. and Brown KH, eds. Food Nutr Bull 25, 2004. 

 

Policy options for improving Zinc Status:  
    There are three methods of increasing zinc consumption in populations.  The first is to 
administer zinc supplements. The second is to fortify commonly consumed foods.   The third is 
diversify diets as to increase consumption of zinc rich foods.  
    Zinc supplements are one way of administering zinc to zinc deficient populations.  By 

providing a zinc supplement, the individual or population would receive their daily needs of 
zinc.  Zinc supplementation is especially useful for targeting vulnerable populations such as 
children, pregnant women and the severely malnourished.  For instance, the best way of 
alleviating diarrhea among children is to provide them with a combination of a zinc tablet and 

Oral Rehydration Salts.  By doing so, the duration of the diarrhea episode is shortened and 
severity of it is lessened.  It also helps to replace the zinc that is lost in excessive amounts during 
diarrhea (Gibson 1-4).  When children are severely malnourished and suffer from a zinc 
deficiency, they are often show signs of anorexia.  The child (or other person) may not be able to 

consume sufficient foods containing enough zinc to meet their needs.  Hence, supplementation 
would be ideal.  By providing daily recommended amount (or twice the daily recommended 
amount) of zinc, those who are deficient can begin to improve the ir zinc status.  So far, zinc 
supplementation has mostly been limited to research trials; it has not been used to treat zinc 

deficiencies on a large scale.  Some forms of zinc supplements include syrups, sprinkles or 
chewable tablets.  The main concerns for creating a zinc supplement are making sure the 
supplement is culturally acceptable, age appropriate, consumed at correct times, has a low cost, 
is absorbable and is well distributed.  Children will be best served with a syrup or sprinkles 

supplement.  It will need to taste pleasing and not be difficult to consume.  Adults will better be 
served with a tablet.  All supplements must conform to the dietary standards of the culture (e.g. 
be sure it contains no animal products).    Zinc requirements are very finely tuned to the age, sex, 



and pregnancy status of the individual.  Thus zinc supplements with various concentrations of 
zinc must be formulated and distributed to the correct demographics in the population.   Zinc 
supplements should be consumed before eating or after a meal that does not contain phytates.  

Phytates bind up zinc and render it not absorbable by the body.  It is essential that zinc 
supplements be consumed at a time when the zinc will be absorbed by the body.  There are a 
variety of zinc compounds that can be used for supplementation. Zinc should be in a compound 
that is highly absorbable and inexpensive such as zinc oxide or zinc sulfate.   The body has no 

storage mechanism for zinc.  Thus, zinc supplements should be delivered daily so that the body 
has sufficient zinc to carry out biological processes (IZiNCG 163-7).   
    The next possible way to administer zinc to zinc deficient populations is to fortify commonly 
consumed foods.  Currently, there is a program in place in Mexico.  Zinc has been added to 

wheat and lime processed corn flours.  These two flours are used in making bread and tortillas, 
two staples of the Mexican population (IZiNCG 168).  Other Latin American countries have 
fortified flours with iron.  Zinc can easily be added to these flours at the same time that iron is 
added.  Fortification of foods is thought to be the most cost effective manner of preventing zinc 

deficiencies.   Fortifying foods with zinc will not cost much because the infrastructure and initial 
capital investments have already been made for fortification with iron; only the marginal cost of 
zinc will need to be provided.  Fortifying commonly consumed foods is also ideal because it 
does not require that the population change their dietary habits.  In Mexico, for instance, the 

fortification of wheat and corn flours with zinc is ideal because the population already consumes 
those foods.  An essential component of fortifying foods with zinc is concurrently providing 
education about zinc.  If the population is unaware of how zinc fortified foods can improve 
health, the population may purchase only the unfortified versions.  This could be because the 

unfortified version is less expensive or the population is apprehensive to consume something 
they know little about.  Food fortification is a preventative measure in that it can help to prevent 
zinc deficiencies from occurring in the future; it may not necessarily cure current zinc 
deficiencies.  Zinc fortification would need to be addressed by a variety of stakeholders 

including the government, food industry, research community and consumer groups.  The 
government would be in charge of implementing the policies needed to require that certain 
foodstuffs be fortified.  The food industry would be essential for producing the foodstuffs that 
are fortified and distributing them throughout the market.  The research community would 

determine how much zinc is needed to fortify foods and in what chemical form it should be a 
fortificant.  Consumer groups could help to advocate the foodstuffs and disseminate information 
about zinc and why it is essential.  Most likely, foods would be fortified with zinc oxide or zinc 
sulfate- the same two compounds that would also be used in a supplement- because they are the 

most cost effective.  The focus should be on finding a food that is commonly consumed- such as 
flour in Latin America or rice in Asia- and fortifying it with sufficient zinc so as to prevent 
deficiencies in the population (IZiNCG 168).  
    The last way to increase zinc content in a community’s diet is to promote diet diversification.  

This is the least practical way of improving zinc concentrations in the diet.  Zinc is found in the 
highest concentrations and in the most bioavailable form in red meats and shellfish.  Those 
countries which suffer from zinc deficiencies, such as those in Sub- Saharan Africa and South 
Asia do not have economic or physical access to these foods in sufficient quantities to prevent 

zinc deficiencies.  It is found in lower concentrations in starchy roots and tubers.  These foods 
are high in phytates which bind zinc, rendering it not bioavailable (McDermid).   These 
populations do consume large volumes of starchy foods that have zinc in low concentrations but 



because of the phytates, their bodies are unable to access the zinc.  Telling these populations to 
consume more foods with high bioavailabe zinc content is impractical.  However, populations 
can be educated in a few ways to improve the bioavailability of zinc in foods they already 

consume.  By soaking foods such as rice or corn, phytates can be broken down and released from 
the food; thus, the consumer will be able to access the zinc in the food.  By consuming just a 
small portion of animal protein, zinc absorption is greatly increased.  Populations should be 
educated to include animal proteins into their diet whenever possible.  Lastly, breastfeeding 

should be encouraged.  This will help to ensure that babies receive their requirement of zinc from 
the breastmilk.  It will also help to prevent diarrhea caused by consumption of unsanitary water 
in formula feeding (IZiNCG 174-6). 

Policy: 
    The proposed method for combating zinc deficiencies is through a combined supplementation 
and fortification approach.  Over 1 billion people in the world are susceptible to Zinc 
deficiencies (Horton et. Al. 8).  For severe acute zinc deficiencies, pregnant women and diarrhea 
episodes, a zinc supplement should be used.  To prevent and cure long term deficiencies, food 

fortification should be put in place.  It is proposed that Zinc supplements be given to all stunted 
children, pregnant women and those with severe deficiencies.  According to Horton et. Al., 
“therapeutic zinc for diarrhea can decrease mortality by 50%” (12).  Oral Rehydration Salt 
therapy along with Zinc supplements has so far proved to be very effective.  The number of 

deaths attributable to diarrhea dropped from 4.5 million in the 1980s to 1.8 million in 2002 
(Horton et. Al.15).   Expansion of combined zinc and ORS treatment of diarrhea will only serve 
to decrease death incidence due to diarrhea even further.  The World Health Organization has 
issued a joint statement along with UNICEF recommending the use of ORSs and zinc 

supplements for 10-14 days after diarrhea occurs (Horton et. Al.15). This program is essential for 
curing and combating diarrhea.  Continuing education and expansion of this recommended 
policy will help to save more lives. 

Cost/ Benefit: 
    What are the costs associated with providing zinc to people?  Most people who suffer from a 
zinc deficiency are also suffering from other micronutrient deficiencies.  Thus, it is proposed that 
zinc be added to existing supplements and fortified foods.  It is proposed that Zinc be added in 
the form of Zinc Sulfate to already existing iron supplements.  The cost of doing so would be 

between $0.05-0.19 per person per year.  By increasing costs less than $0.01, zinc status can be 
monitored (IZiNCG 167).  According to Horton et. Al. “If coverage [supplementation] were 
extended to 40% of children under 5 in sub-Saharan Africa and South Asia (including also 
Southeast Asia) this would be 40% of 300 million children, which (at $1 per child per year) 

would come to $120 million“ (18). Extrapolating this to cover all children would be $300 million 
dollars per year.  This should be implemented for the 5 years for a total cost of $1.5 billion.  Zinc 
supplements should continue to be distributed until stunting has been overcome and diarrhea is 
no longer a problem.  Supplementation is to be a short term solution until fortification is fully in 

place and providing benefits to all people.  Zinc should be added to foods that are already 
fortified with iron, such as wheat.  Adding Zinc sulfate to wheat would cost $1.05 per metric 
ton.  Evaluation of the program would bring the total cost to $1.10 per metric ton (IZiNCG 
167).   For simplicity of estimating costs, it assumed that all wheat will be fortified with zinc and 

that all cultures will adapt and use the wheat.  It has been estimated that 550 million metric tons 
are consumed by the world in one year (Wheat).  Fortifying all wheat and adding evaluation 
costs at $1.10 per metric ton, would cost $605 million per year.  This should be continued 



throughout the 5 years for a total cost of $3.025 billion.  Wheat should continue to be fortif ied 
with wheat as it is the most effective long term solution for preventing zinc deficiencies.    With 
the additional costs of providing education and administering supplements, the total amount of 

money requested to address zinc deficiencies over the next 5 years is $5 billion dollars.  This 
should be regarded as an excellent use of resources.  For example, according to Horton et. Al. 
“Estimates of cost-effectiveness by Robberstad et al. (2004) suggest that the incremental cost of 
zinc as part of case management is $0.47 per course of treatment, leading to an average cost of 

$73 per DALY gained, and $2,100 per death averted“ (18).  Horton et. al. have identified the 
cost: benefit for administering zinc supplements to be 13.7:1 in South Asia, Sub-Saharan Africa, 
and East Asia, <10:1 in Central America, and <6.1 in Latin America and the Caribbean (17).   
Hence, the pay off for investing in providing zinc and eliminating deficiencies is much greater 

than any cost.  A main concern, however, is ensuring that these supplementation and fortification 
programs take off and are effective as nothing like them have been done on a large scale.    By 
providing zinc supplements in the short term and fortifying food in the long term, along with 
concurrent education, it is hoped that zinc deficiencies will no longer exist in the near future.  
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