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Introduction
In recent years, recognition of the importance of zinc deficiency worldwide has expanded
dramatically. Zinc deficiency impairs immune function and increases the susceptibility to
infection, restricts physical growth and affects pregnancy outcome. The number of child
deaths attributable to zinc deficiency in 2011 was estimated at 116,000 (1).
To assess zinc status of a population, the World Health Organization (WHO), the United
Nations Children’s Fund (UNICEF), the International Atomic Energy Agency (IAEA) and the
International Zinc Nutrition Consultative Group (IZiNCG) recommend measuring plasma or
serum zinc concentration or dietary zinc intake by 24 hour recalls or weighed food records
(2). In addition, the stunting prevalence of children under 5 years of age can be used as a
proxy to estimate the risk of zinc deficiency. Another proxy used to estimate the risk of zinc
deficiency is the use of inadequate zinc intake based on the estimated absorbable zinc
content of the national food supplies derived from the Food and Agriculture Organization of
the United Nations’ (FAO) food balance sheets (FBS). These analyses suggest that at least
17% of the world’s population is at risk of inadequate zinc intake (3), with the highest risk
occurring in Sub-Saharan Africa and South Asia.
Although plasma zinc concentration is under strong homeostatic control, which makes
assessing individual zinc status very challenging, several expert committees have recently
also endorsed using plasma or serum zinc concentration as an appropriate biomarker of
population zinc status (4, 5). In recent years, more nationally representative surveys have
included the assessment of plasma or serum zinc concentration. The current issue of NNA
summarizes a review paper published in Food and Nutrition Bulletin which summarized
information on the prevalence of zinc deficiency from national surveys (6).

Methods
To obtain information on national surveys with available zinc results, internet searches
(PubMed, Google) were completed and experts known to be involved in conducting national
nutrition surveys were contacted. Surveys were eligible for inclusion in the present review if
a nationally representative sampling scheme was used, plasma or serum zinc concentrations
were analyzed, and the survey was implemented in low or middle income country.
A total of 20 surveys were eligible. These reports included 5 surveys from Africa (7-12), 4
surveys from the Americas (13-18), 3 surveys from the Eastern Mediterranean and
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European regions (19-22), 3 surveys from South-East Asia (23-25) and 5 surveys from the
Western Pacific region (26-30). Of these surveys, 17 collected venous blood from preschool
children, one obtained specimens from 1-11 year olds (Mexico) and one from 6-12 year olds
(the Philippines). Thirteen surveys also collected blood samples from adult women. In
addition, Fiji collected blood only from women. Various recommended analytical methods
were used to assess plasma or serum zinc concentrations in these surveys (6) and most
surveys used the cut-offs recommended by IZiNCG to determine zinc deficiency (31),
except for Afghanistan, Pakistan and the Republic of Maldives (<60 µg/dL), Guatemala and
China (<70 µg/dL) and Nigeria (<80 µg/dL), respectively. Another methodological
difference between the surveys was that some, but not all, adjusted plasma zinc
concentration for the presence of inflammation using C-reactive protein and/or alpha-1-acid
glycoprotein.
The present review also compared the prevalence of low plasma zinc concentration from the
above-mentioned surveys with the estimated proportion of population with inadequate
dietary zinc intake, which was retrieved from the online supplementary table provided by
Wessells & Brown (3), and with the national stunting prevalence retrieved from the UNICEF
State of the World’s Children report or the WHO’s global database on child growth and
malnutrition (32, 33). A prevalence of >20% low plasma zinc concentrations, >20%
stunting and >25% inadequate dietary zinc intake implies that zinc deficiency may be a
public health concern (2).

Results and Conclusions
Thirteen of the 19 surveys found a prevalence of low plasma zinc concentrations in children
>20%, which implies that zinc deficiency is a public health problem in these countries.
Among the African countries, Cameroon found the highest rates of zinc deficiency with 83%
of children and 82% of women of reproductive age having low plasma zinc concentrations.
Half of the children (51%) and women (52%) in Kenya had low plasma zinc concentrations.
Similar results were found in Senegal with 50% of children and 59% of women having low
plasma zinc concentrations. Only Afghanistan, Azerbaijan, Nigeria, the Republic of Maldives,
Sri Lanka and China found a low prevalence of inadequate plasma zinc concentrations
among children, which in some cases may be due to the different cut-off used. Of the
studies with information from women of reproductive age, 13 of 14 surveys found a
prevalence of low plasma zinc concentration in women >20%.
Estimates of percent population with inadequate dietary zinc intake based on FBS
underestimated the risk of zinc deficiency as defined by plasma zinc concentration. Only five
of the above mentioned countries were identified with a prevalence of inadequate dietary
zinc intake >25%. In contrast, the prevalence of stunting among children under 5 years of
age may be a useful proxy to identify countries with potential risk of zinc deficiency. With
some exceptions, the prevalence of both low plasma zinc concentrations and stunting
categorized countries similarly into high and low risk of zinc deficiency.
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Policy Implications
In the past 20 years, 20 low and middle income countries have included the assessment of
plasma zinc concentration in their national nutrition surveys. In the majority of these
countries, zinc deficiency was found to be of public health concern among women of
reproductive age and young children, and in these settings interventions are recommended
to prevent zinc deficiency (34). The stunting prevalence and to a lesser extent the
estimated proportion of population with inadequate dietary zinc intakes can be useful
proxies to identify countries at potential risk of zinc deficiency. If such a risk is identified,
the extent of the zinc deficiency should be further evaluated by assessing plasma zinc
concentration in a representative sample of the population.

NNA Editor’s Comments
The inclusion of plasma or serum zinc concentration in numerous national nutrition surveys
in low and middle income countries indicates that blood collection and processing is feasible,
even in challenging field settings. Because contamination with zinc is a concern,
implementers of future surveys may find the practical tips by IZiNCG on blood collection and
processing techniques useful (35). To date, most survey reports only state the percent of
the population with zinc deficiency. It would also be useful to report the mean plasma zinc
concentration along with the standard deviation, standard error or 95% confidence interval
or the full distribution of the concentration. This would allow readers to gain a better
understanding of the distribution of zinc deficiency.

References
1.
2.

3.

4.
5.
6.
7.

Black RE, Victora CG, Walker SP, et al. Maternal and child undernutrition and
overweight in low-income and middle-income countries. Lancet
2013;382(9890):427-51. doi: 10.1016/S0140-6736(13)60937-X.
de Benoist B, Darnton-Hill I, Davidsson L, Fontaine O. Executive summary of a
WHO/UNICEF/IAEA/IZiNCG interagency meeting on zinc status indicators, held in
IAEA headquarters, Vienna, December 9, 2005. Food Nutr Bull 2007;28(3):S399S400.
Wessells KR, Brown KH. Estimating the global prevalence of zinc deficiency: results
based on zinc availability in national food supplies and the prevalence of stunting.
PLoS One 2012;7(11):e50568. doi:10.1371/journal.pone.0050568. doi:
10.1371/journal.pone.0050568.
Lowe NM, Fekete K, Decsi T. Methods of assessment of zinc status in humans: a
systematic review. Am J Clin Nutr 2009;89(6):2040S-51S. doi:
10.3945/ajcn.2009.27230G.
King JC, Brown KH, Gibson RS, et al. Biomarkers of Nutrition for Development
(BOND)-Zinc Review. J Nutr 2016. doi: 10.3945/jn.115.220079.
Hess S. National risk of zinc deficiency as estimated by national surveys Food Nutr
Bull 2017;38(1):3-17.
Engle-Stone R, Ndjebayi AO, Nankap M, Killilea DW, Brown KH. Stunting prevalence,
plasma zinc concentrations, and dietary zinc intakes in a nationally representative

3

Nutrition News for Africa 02/2017

8.
9.
10.
11.

12.
13.
14.
15.

16.

17.
18.

19.
20.
21.
22.
23.
24.
25.

sample suggest a high risk of zinc deficiency among women and young children in
Cameroon. J Nutr 2014;144(3):382-91. doi: 10.3945/jn.113.188383.
Mwaniki DL, Omwega AM, Muniu EM, et al. Anaemia and status of iron, vitamin A and
zinc in Kenya. The 1999 national survey. Nairobi, Kenya: Ministry of Health, 2002.
Maziya-Dixon B, Akinyele IO, Oguntona EB, Nokoe S, Sanusi RA, Harris E. Nigeria
food consumption and nutrition survey 2001 - 2003. Ibadan, Nigeria: International
Institute of Tropical Agriculture, 2004.
Wade S, Idohou-Dossou N, Diouf A, et al. Adjusting plasma zinc concentrations of
ferritin, retinol, and zinc affect the prevalence of micronutrient deficiencies in
children but not in women. Ann Nutr Metab 2013;63(suppl 1):821.
Ba Lo N. Statut en zinc des enfants Senegalais et evaluation de l'utilisation de la
concentration plasmatique en zinc pour tester l'impact des programmes de
fortification. These de Doctorat. No. d'ordre 101 [dissertation]. Faculté des Sciences
et Techniques. Dakar, Senegal: Université Cheikh Anta Dioph de Dakar, 2014.
Dhansay MA, Marais CD, Labadarios D. Zinc status. The National Food Consumption
Survey (NFCS): South Africa, 2005. Pretoria, South Africa: Directorate: Nutrition,
Department of Health, 2007.
Martinez-Torres J, Ramirez-Velez R. [Zinc deficiency and associated factors in
colombian children; results from the 2010 national nutrition survey; a cross sectional
study]. Nutr Hosp 2014;29(4):832-7. doi: 10.3305/nh.2014.29.4.7226.
Instituto Colombiano de Bienestar Familiar. Encuesta Nacional de la Situación
Nutricional de Colombia (ENSIN 2010). Bogotá: ICBF, 2011.
Freire W, Ramírez-Luzurlaga M, Belmont P, et al. Tomo I: Encuesta Nacional de
Salud y Nutrición de la población ecuatoriana de cero a 59 años. ENSANUT-ECU
2012. Quito, Ecuador: Ministerio de Salud Pública/Instituto National de Estadísticas y
Censos, 2014.
Ministerio de Salud Publica y Asistencia Social, Instituto National de Estadistica,
Universidad del Valle de Guatemala, et al. Guatemala - II Encuesta Nacional de
Micronutrientes 2009-2010 (ENMICRON 2009-2010). Guatemala: Ministerio de Salud
Publica y Asistencia Social, Instituto National de Estadistica, 2010.
Morales-Ruan Mdel C, Villalpando S, Garcia-Guerra A, et al. Iron, zinc, copper and
magnesium nutritional status in Mexican children aged 1 to 11 years. Salud Publica
Mex 2012;54(2):125-34.
Mejia-Rodriguez F, Shamah-Levy T, Villalpando S, Garcia-Guerra A, Mendez-Gomez
Humaran I. Iron, zinc, copper and magnesium deficiencies in Mexican adults from
the National Health and Nutrition Survey 2006. Salud Publica Mex 2013;55(3):27584.
Ministry of Public Health. National Nutrition Survey 2013. Kabul, Afghanistan, 2015.
Bhutta Z, Soofi S, Zaidi S, Habib M, Hussain I. National nutrition survey Pakistan.
Karachi, Pakistan: Aga Khan University, Pakistan, 2011.
Soofi S, Habib A, Bhutta ZA, Hussain I, Alam D. Evaluation of zinc status and
community perceptions in Pakistan: the national nutrition survey 2011. Ann Nutr
Metab 2013;63(suppl 1):207.
United Nations Children’s Fund. Azerbaijan nutrition survey (AzNS). Baku,
Azerbaijan: UNICEF and Government of Azerbaijan Republic 2013.
iccdr'b, UNICEF, GAIN, Institute of Public Health and Nutrition. National
micronutrients status survey 2011-12. Dhaka, Bangladesh: icddr'b, 2013.
Ministry of Health and Family, UNICEF Maldives, The Agha Khan University P. Project
report. National micronutrient survey 2007, Republic of Maldives. Male', Republic of
Maldives: Ministry of Health and Family, 2007.
Jayatissa R, Gunathilaka M, Herath P, Fernando D. Sri Lanka National Nutrition and
Micronutrient Survey. Part II: Iron, zinc and calcium deficiency among children aged

4

Nutrition News for Africa 02/2017

26.

27.
28.
29.
30.
31.
32.
33.
34.
35.

6-59 months. Colombo, Sri Lanka: Ministry of Health Sri Lanka, UNICEF Sri Lanka,
2015.
National Institute of Statistics, Directorate General for Health, ICF International.
Cambodia Demgraphic and Health Survey 2014. Phnom Penh, Cambodia and
Rockville, Maryland, USA: National Institute of Statistics, Directorate General for
Health, and ICF International, 2015.
Wieringa FT, Dahl M, Chamnan C, et al. The high prevalence of anemia in Cambodian
children and women cannot be satisfactorily explained by nutritional deficiencies or
hemoglobin disorders. Nutrients 2016;8(348):1-12. doi: doi:19,3390/nu8060348.
Schultz JP, Vatucawaqa PT. Impact of iron fortified flour in child bearing age women
in Fiji, 2010 report. Suva, Fiji: National Food and Nutrition Center, 2012.
Marcos J, Perlas L, Trio P, et al. 7th National nutrition survey, Philippines 2008:
Serum zinc levels in selected Filipino population groups. Manila, The Philippines:
Research and Development, 2008.
Laillou A, Pham TV, Tran NT, et al. Micronutrient deficits are still public health issues
among women and young children in Vietnam. PLoS One 2012;7(4):e34906. doi:
10.1371/journal.pone.0034906.
Brown KH, Rivera JA, Bhutta Z, et al. International Zinc Nutrition Consultative Group
(IZiNCG) technical document #1. Assessment of the risk of zinc deficiency in
populations and options for its control. Food Nutr Bull 2004;25(1 Suppl 2):S99-203.
World Health Organization, Department of Nutrition for Health and Development.
WHO Global Database on Child Growth and Malnutrition. Internet:
http://www.who.int/nutgrowthdb/database/en/. Accessed: June 6, 2016.
United Nations Children’s Fund. State of the world's children: Reimagine the future.
New York, NY: UNICEF, 2015.
Brown KH, Baker SK, IZiNCG Steering Committee. Galvanizing action: conclusions
and next steps for mainstreaming zinc interventions in public health programs. Food
Nutr Bull 2009;30(1 Suppl):S179-84.
International Zinc Nutrition Consultative Group (IZiNCG). Practical tips to collect
blood in the field for assessment of zinc concentration. Internet: http://izincg.org
Accessed June 16, 2016.

5

Nutrition News for Africa 02/2017
Nutrition News for Africa is a monthly electronic newsletter whose aim is to
disseminate state-of-the-art research and policy papers to scientists, program planners,
policy makers, and opinion leaders working in the field of public health nutrition in
Africa. The newsletter is prepared as a collaborative effort of Helen Keller International
(HKI) and the Program in International and Community Nutrition (PICN) of the University
of California, Davis. HKI regional staff members and students and faculty members of the
PICN identify and summarize relevant articles and policy statements from the scientific
literature and international agency publications. We also encourage members of this
network to suggest possible documents of interest and to provide feedback on the articles
selected.
To subscribe, please click "Subscribe here"
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