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Functional indicators for assessing zinc deficiency

Christa L. Fischer Walker and Robert E. Black

Abstract

Zinc is an essential micronutrient for growth and 
proper immune function. There is currently no simple 
recommendation for the assessment of population-level 
zinc deficiency. Trials of zinc supplementation have 
shown positive effects of supplementation on clinical 
outcomes and growth. We reviewed the results of ran-
domized trials of zinc supplementation and correlation 
studies that assessed infectious diseases, growth, and 
development outcomes among children under 5 years 
of age. The results indicate that zinc supplementation 
decreases the incidence and prevalence of diarrhea and 
pneumonia, but the use of trial data to make popula-
tion-level estimates of zinc deficiency is not practical 
and is difficult to quantify. The data also indicate that 
zinc supplementation increases growth, especially among 
children who are stunted. Stunting rates are commonly 
estimated and can be used to estimate zinc deficiency. 
Previous recommendations suggest that stunting rates 
at or above 20% should be indicative of zinc deficiency 
among children under 5 years of age. This review pro-
vides additional data and analysis to support the current 
recommendation.

Key words: Zinc, supplementation, growth, mor-
bidity

Introduction

Since the 1960s [1], severe zinc deficiency has been 
recognized as a major cause of growth retardation and 

delayed sexual maturation. Although these signs are 
easily recognizable when zinc deficiency is severe, the 
diagnosis becomes more difficult in young children 
who are moderately deficient and in children who have 
multiple nutritional deficiencies. Serum zinc is the 
most commonly assessed individual indicator of zinc 
status; however, it is not widely accepted as an accurate 
measure of true zinc status because its value is influ-
enced by recent dietary intake and infection [2, 3]. On 
a population level, it has been proposed that assessing 
potential zinc intake based on food-balance sheets may 
be a way to assess the zinc status of a population [4], 
but this method generalizes for the entire population 
and does not allow for variation according to subgroup 
of the population.

Reports of trials assessing the effects of zinc given 
as a daily or weekly supplement have shown benefits 
when it is given short-term for diarrhea treatment 
[5], potential benefits when it is given short-term for 
pneumonia treatment [6], and positive effects of ongo-
ing supplementation for the prevention of infectious 
diseases and improved growth in some populations [7, 
8]. Enrollment in these studies was not dependent upon 
a biochemical assessment of individual zinc status, and 
many trials have observed positive effects of supple-
mentation on the functional indicator assessed. Given 
that there is currently no simple method for assessing 
zinc status, we sought to determine if zinc deficiency 
could be assessed by measuring functional indicators 
such as basic rates of diarrhea and pneumonia infec-
tion, growth, and development.

In this review we present the results from rand-
omized, controlled trials of zinc supplementation for 
the prevention and treatment of infectious diseases, 
growth retardation, and developmental delays, and 
nonrandomized studies demonstrating a correlation of 
biochemical zinc status with one of the functional indi-
cators of interest. We conducted a literature search of 
PubMed using the key word phrases zinc and diarrhea; 
zinc and pneumonia; zinc and malaria; zinc and growth; 
and zinc and development. We searched only for studies 
of children and only for studies published in English. 
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Studies of all children under 18 years of age were 
considered for growth outcomes, because prior meta-
analysis of these data included all children. Otherwise 
we limited the studies to those conducted on children 
under 5 years of age. For randomized trials, only those 
where a direct comparison between children receiving 
zinc and those not receiving zinc could be assessed 
were included; i.e., the zinc group was different from 
the control group by only zinc, and all other micro-
nutrients were consistent in study groups. Trials with 
multiple comparison groups were included, but only 
the zinc and control groups are presented here.

We present a brief summary and a more detailed 
table of the findings for each functional indicator. In 
conclusion, we discuss the practicality and effectiveness 
of using functional indicators to assess individual- and 
population-level zinc deficiency.

Treatment of infectious diseases

Acute diarrhea

There are 14 trials assessing zinc supplementation for 
the treatment of diarrhea [9–21]* (table 1). Thirteen 
of these trials were conducted in South Asia and one 
was conducted in Brazil. Outcomes assessed included 
diarrhea duration, stool frequency, stool volume, 
antibody response, percentage developing persistent 
diarrhea, weight loss during the episode, fluid intake, 
and need for an intravenous drip. In all but one trial, 
zinc supplementation had a positive effect on diarrhea: 
this trial was unique in that it is the only published 
study of zinc supplementation for diarrhea treatment 
in infants under 6 months of age [13]. The treatment 
dose in all studies was at least two times the recom-
mended dietary allowance (RDA) for children under 
5 years of age [22]. In two of the five studies in which 
serum zinc was measured at baseline, zinc had a greater 
effect among children who were deficient at baseline 
[18, 19].

Persistent diarrhea

Five trials have assessed zinc supplementation in chil-
dren with persistent diarrhea [23–27] (table 1). One 
trial was conducted in Peru, and four were conducted 
in South Asia. Outcomes assessed were diarrhea dura-
tion, stool frequency, stool weight, and stool volume. 
Zinc-supplemented children had better diarrhea out-
comes in three of the five trials [23, 24, 26]. All zinc-
supplemented children received at least two times the 
RDA during the treatment period. Serum zinc was 

* Roy SK. Zinc supplementation in malnourished Bangla-
deshi children with cholera (Abstract). In: 10th Asian Confer-
ence on Diarhhoeal Disease and Nutrition, 2005.

measured in all studies at baseline, but there were no 
reported differences according to baseline zinc status. 
One study reported a benefit of zinc supplementation 
only among boys or those children who were under-
weight at baseline [26].

Pneumonia

Zinc has been investigated as an adjunct treatment 
for pneumonia in three trials [6, 28, 29] (table 1), all 
of which were conducted in South Asia. Outcomes 
assessed were time to recovery from pneumonia 
symptoms, time to complete recovery, respiratory rate, 
hospitalization time, oxygen saturation, and difficulty 
feeding. Children receiving zinc recovered faster from 
pneumonia than those receiving placebo in two of the 
three trials [6, 28]. All treatment doses were at least 
two times the RDA and were given for 5 or 6 days or 
until the child recovered. Serum zinc was measured at 
baseline in all studies, and no differences in the effect 
of treatment according to baseline zinc status were 
reported.

Malaria

One multisite study assessed the effect of zinc sup-
plementation as adjunct therapy for the treatment of 
malaria [30]. This study included four sites in Africa 
and one in Ecuador. Time until fever reduction, time 
until parasitemia reduction, and hemoglobin concen-
tration were assessed as outcome measures. The zinc 
dose was at least two times the RDA and was given for 
4 days in addition to standard malaria treatment. There 
was no overall effect of the added zinc on recovery 
from malaria. Serum zinc was measured at baseline, 
and no differences according to baseline zinc status 
were reported.

Prevention of infectious diseases

Short-course trials

Zinc supplementation, when given for 10 to 14 days 
during a diarrhea episode, has proven to be an effec-
tive treatment (table 2). Several studies have conducted 
follow-up visits for 2 to 3 months following this treat-
ment to evaluate the effect of a short course of zinc, 
given at a treatment dose of at least two times the RDA, 
on the incidence and prevalence of infectious diseases 
after treatment [11, 31, 32]. In all three studies, zinc-
supplemented children had fewer episodes of diarrhea 
during the months following and mixed results for 
incidence of pneumonia. One study only saw a benefit 
of zinc supplementation among children who were 
stunted or underweight at baseline [32].
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Long-term daily supplementation

Long-term daily zinc supplementation for the pre-
vention of infectious illnesses has been assessed in 
21 trials (table 2) [33–54]. Supplementation in these 
studies continued for at least 8 weeks, and doses ranged 
from 5 to 20 mg per day. Outcome measures assessed 
include incidence and prevalence rates of diarrhea, 
respiratory tract infections, pyoderma, fever, malaria, 
ear infections, vomiting, and rashes, as well as rates of 
hospitalizations and mortality. Nineteen of the 21 trials 
observed a positive effect of zinc supplementation on 
at least one outcome measure assessed [33–36, 38–44, 
46–54]. Zinc supplementation decreased the incidence 
of diarrhea by approximately 18% and the prevalence of 
diarrhea by 25% [8]. For pneumonia, zinc supplemen-
tation decreased the incidence by 41% [8]. Ten of these 
trials assessed serum zinc at baseline, and one assessed 
hair zinc as well [8, 33, 35, 39–41, 43, 46, 50–52, 54]. 
Of these trials, two observed greater benefits among 
children who had lower serum zinc levels at baseline 
[41, 51], one study observed a lower prevalence and 
incidence of diarrhea among children older than 11 
months [51], and one found a larger positive effect 
of zinc supplementation on the incidence of diarrhea 
among boys and children with low weight-for-length 
at baseline [49]. Rates of hospitalization and mortality 
were not often considered because of the large sample 
sizes required. However, two studies reported a smaller 
number of hospitalizations and a shorter duration of 
stay [47, 48], and one study reported an overall lower 
mortality rate in zinc-supplemented children [42].

Long-term weekly supplementation

Four trials assessed weekly zinc supplementation for at 
least 2 months for the prevention of infectious diseases 
(table 2) [38, 55–57]. Supplementation ranged from 20 
to 70 mg, one or two times per week. One study was 
conducted in Gambia and three were conducted in 
South Asia. These studies reported the effect of zinc 
on the incidence of diarrhea, acute lower respiratory 
tract infections, malaria, the prevalence of diarrhea, 
and mortality rates. Two of the four trials observed a 
positive effect of zinc on diarrhea incidence (6% lower 
in zinc-supplemented children [56] and 40% lower in 
zinc-supplemented children [38]). One trial observed 
a decrease in pneumonia incidence by 17%, as well as 
fewer deaths among infants supplemented with zinc 
at a weekly dose of 50 to 70 mg [56]. No trial reported 
differences according to baseline serum zinc status.

Growth

Zinc supplementation for enhanced growth in children 
has been widely studied in developing countries where 

there are high rates of stunting and widespread mal-
nutrition. Twenty-eight trials of children from birth to 
17 years of age have been summarized in table 3 [34, 
36, 37, 41, 43, 45, 47, 48, 50, 52–56, 58–71]. Growth 
outcomes assessed were weight, height, weight-for-age 
z-score (WAZ), height-for-age z-score (HAZ), weight-
for-height z-score (WHZ), mean upper-arm circum-
ference (MUAC), arm span, triceps skinfold thickness 
(TSF), arm muscle area for age, mid-arm muscle area 
[72], head circumference, knee–heel length, and chest 
circumference. Seven of these trials reported no effect 
of zinc on any measured indicator [34, 48, 50, 52, 60, 
61, 70], yet all others reported a positive effect of zinc 
on at least one measured indicator. Seventeen of the 
trials assessed serum zinc at baseline, and of those, one 
reported positive effects only among children who were 
zinc-deficient at baseline [41].

Growth was previously assessed in a meta-analysis by 
Brown et al. [7], which included studies conducted in 
both developing and developed countries. This meta-
analysis rigorously compiled data from both published 
and unpublished studies and also included several 
reports not available in English. This comprehensive 
meta-analysis reported statistically significant effect 
sizes for height increments (0.35; 95% confidence inter-
val [CI], 0.189 to 0.511) and weight increments (0.309; 
95% CI, 0.178 to 0.439) [7].

This analysis was recently updated for this review to 
compare the effect size of zinc on height observed in 
developed versus developing countries. In a separate 
analysis of only developing countries, the effect sizes 
for both height and weight were calculated. For these 
analyses, units were converted to effect size by calcu-
lating the “difference between the means of the zinc 
and control groups divided by their pooled standard 
deviation” [7]. Figure 1 illustrates the change in effect 
size observed as the initial mean HAZ score changes. 
As initial HAZ score improves, the effect size decreases 
in both developing and developed country studies. This 
effect size is illustrated by country status and initial 
HAZ score for all children in figure 2 [43, 45, 47, 48, 
50, 52, 53, 55, 58, 59, 62–67, 69, 71, 73–83]. Figure 3 
[43, 45, 48, 52, 53, 55, 58, 59, 62–64, 66, 67, 71, 73–75, 
79, 82] also illustrates the effect size of zinc on height 
but includes only children 6 months of age and older. 
These figures show that there is not an overall differ-
ence in effect size between developed countries and 
less-developed countries for all studies, or for those 
studies of only children 6 months of age and older. 
The effect of zinc is greatest among children with low 
HAZ scores at enrollment; this difference in effect 
according to HAZ score appears to be more dramatic 
in older children.

Developing countries: Change in height or length

There was a significant effect of zinc on change in 
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FIG. 1. Effect size of zinc on height according to baseline height-for-age z-score 
(HAZ). Solid circles represent studies conducted in developing countries and 
shaded circles studies conducted in developed countries

FIG. 2. Effect size of zinc on height according to country status and initial height-for-age z-score (HAZ) for all chil-
dren. Circles represent nonsignificant positive effects, triangles significant positive effects, squares subgroup effects, 
and crosses nonsignificant negative effects. Vertical bars represent 95% confidence intervals. References to studies 
are given in square brackets
* Penny ME, Peerson JM, Marin RM. Unpublished observations.1998
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FIG. 3. Effect size of zinc on height according to country status and initial height-for-age z-
score (HAZ) for children 6 months of age or older. Circles represent nonsignificant positive 
effects, triangles significant positive effects, squares subgroup effects, and crosses nonsignifi-
cant negative effects. Vertical bars represent 95% confidence intervals. References to studies 
are given in square brackets
* Penny ME, Peerson JM, Marin RM. Unpublished observations.1998
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height or length in this meta-analysis (p < .0001) (fig. 4) 
[43, 45, 47, 48, 50, 52, 53, 55, 58, 59, 62–67, 69, 71, 77, 
79, 84]. The weighted average effect size was 0.281 
(95% CI, 0.195 to 0.367) for the fixed model and 0.355 
(95% CI, 0.142 to 0.568) for the random-effects model. 
Numerous variables were included in bivariate analyses 
to assess the correlation with the effect size (table 4). 
Studies that did not monitor dosing and those with 
more frequent doses had larger effect sizes; but no vari-
able was significant in the backward stepwise random-
effects meta-regression.

Developing countries: Change in weight

There was a significant effect of zinc on change in 
weight in this meta-analysis (p < .0001) (fig. 5) [43, 45, 
47, 48, 50, 52, 53, 55, 58, 62–67, 69, 71, 77, 79, 84]. The 
weighted average effect size was 0.302 (95% CI, 0.216 
to 0.389) for the fixed model and 0.316 (95% CI, 0.151 
to 0.482) for the random-effects model. Selected vari-
ables were included in bivariate analyses assessing the 
relation of these with the effect size of zinc on weight 
(table 5). As was observed with the analyses of height 
or length described above, studies that did not monitor 
dosing and those that used more frequent dosing had 
larger effect sizes. When variables were removed from 

FIG. 4. Effect size for the change in height or length in all studies and overall. 
References to studies are given in square brackets
* Penny ME, Peerson JM, Marin RM. Unpublished observations.1998
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TABLE 4. Correlation of selected trial and patient characteristics with effect size 
of zinc on height/length

Variable

Correlation 
with effect 

size N p value

Units — 23 .47
Form of zinc (sulfate, gluconate, acetate) — 23 .31
Initial mean age –0.39 23 .191
Monitored –0.66 22 .001
Dose –0.28 21 .479
Frequency 0.56 23 .043
Weekly dose –0.27 21 .159
Duration of study –0.07 23 .706
Total dose –0.19 21 .295
% male 0.29 23 .062
Initial mean height-for-age –0.08 22 .659
Initial mean height-for-age < –2 z-scores 0.25 22 .238
Initial mean weight-for-age 0 21 .896
Initial mean weight-for-age < –2 z-scores 0.42 21 .100
Initial mean weight-for-height –0.1 20 .944
Initial mean serum Zn –0.23 16 .518
Initial mean serum Zn < 80 µg/dL 0.1 16 .660
Rural –0.16 22 .314
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a multivariate model in stepwise fashion, no predictor 
variable remained in the model. However, underweight 
status was marginally significant (p = .06), with a 
weighted average effect size of 0.204 (95% CI, 0.051 to 
0.356) for those studies in which the initial mean WAZ 
was greater than –2, and a weighted average effect size 
of 0.532 (95% CI, –0.028 to 1.093) for those studies in 
which the initial mean WAZ was less than –2.

Development

Child development indicators have been assessed in 

seven trials of zinc supplementation [34, 61, 85–89] 
(table 6). The studies were conducted in Latin America 
and South Asia. Zinc supplements were given for at 
least 8 weeks, with doses ranging from 1 to 10 mg per 
day, and one trial giving 20 mg once weekly. The studies 
assessed infants under 1 year of age for basic develop-
ment indicators, including the Bayley Scales of Infant 
Development (BSID), Psychomotor Development Index 
(PDI), and Motor Development Index [90]. Five out of 
seven trials showed some benefit of zinc on at least one 
measured indicator [34, 61, 86–88], one trial observed a 
negative effect of zinc on the mental development index 
of the BSID [89], and one trial observed no effect [85].

TABLE 5. Correlation of selected trial and patient characteristics with effect size 
of zinc on weight

Variable

Correlation 
with effect 

size N

p value 
without 
outlier

Units — 22 .066
Form of zinc (sulfate, gluconate, acetate) — 2 .80
Initial mean age –0.24 22 .259
Monitored –0.81 21 < .001
Dose –0.27 21 .182
Frequency 0.49 22 .028
Weekly dose –0.16 21 .378
Duration of study –0.37 22 .090
Total dose –0.31 21 .148
% male –0.13 22 .694
Initial mean height-for-age 0.05 21 .669
Initial mean height-for-age < –2 z-scores 0.05 21 .916
Initial mean weight-for-age –0.07 20 .905
Initial mean weight-for-age < –2 z-scores 0.46 20 .061
Initial mean weight-for-height –0.32 19 .194
Initial mean serum zinc –0.33 15 .288
Initial mean serum zinc < 80 µg/dL 0.05 15 .894
Rural –0.13 21 .477

FIG. 5. Effect size for the change in weight in all studies and overall. Refer-
ences to studies are given in square brackets
* Penny ME, Peerson JM, Marin RM. Unpublished observations.1998
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TABLE 7. Nonrandomized studies assessing correlation between serum zinc and functional indicators

Author, date Country Study design Population
Zinc indicators 

assessed 
Significant differences  

(p< 0.05) 

Cohort studies

Bahl et al. 
1998 [92]

India Cohort 12–59 mo, recov-
ering from acute 
diarrhea (N = 125) 

Serum Zn, follow-
up morbidity for 90 
days

Children with low plasma Zn 
at baseline (≤ 8.4 µmol/L) had 
more episodes of diarrhea (RR, 
1.47) and severe diarrhea (RR, 
1.70) than those with higher 
plasma Zn. Prevalence associ-
ated with fever 4× higher in 
Zn-deficient group. Prevalence 
of ALRI 3.5× higher in Zn-
deficient group

Hautvast et 
al. 2000 [91]

Zambia Cohort 6–9 mo (N = 108),  
14–20 mo (N = 102), 
followed-up 9 and 
21 mo later

Weight, length, 
serum Zn

Micronutrient status did not 
show a significant relation 
with later HAZ

Cross-sectional studies

Gibson et al. 
1991 [93]

Papua New 
Guinea

Cross-
sectional

24–120 mo 
(N = 123) 

Weight, length 
z-scores, hair Zn, 
presence of malaria

Correlation among boys (24–
95.5 mo) between HAZ and 
hair Zn concentration 

Brown et al. 
1993 [94]

Peru Cross-
sectional

11–19 mo (N = 153) Serum Zn, clinical 
signs of infection

Nonsignificant trend for chil-
dren with infection to have 
lower serum Zn than those 
without infection 

Strand et al. 
2004 [2]

Nepal Cross-
sectional

6–35 mo 
(N = 1,757)

Serum Zn Factors associated with low 
serum Zn: fever (0.59 µmol/L 
increase per degree increase 
C); dysentery and high C-reac-
tive protein associated with 
low plasma zinc. Dehydration 
linked with higher serum Zn

Case–control studies

Castillo-
Duran et al. 
1988 [97]

Chile Case–control 3–14 mo infants 
with acute diarrhea 
and age-matched 
controls (N = 29)

Fecal Zn, urine Zn, 
serum Zn

Fecal loss higher in diarrhea 
group than in controls (159.4 
vs. 47.4 µg/kg/day) for 48 h, 
but not after 6–7 days. Plasma 
Zn lower at 48 h and day 6 
than in controls (57.7, 101.4 
vs. 123.6 µg/dL)

Chaudhary 
et al. 1996 
[98]

India Case–control Children with 
diarrhea and age-
matched controls  
(N = 50)

Serum Zn Plasma Zn lower in children 
with persistent diarrhea and 
acute diarrhea than in controls 
(79.4, 135.4 vs. 151.87 µg/dL) 

Demirci et 
al. 2003 [96]

Turkey Case–control Children with 
chronic giardiasis  
(N = 34) and 
controls

Serum Zn Serum Zn lower in children 
with chronic giardiasis than in 
controls (109 vs. 136 µg/dL) 

Shakur et al. 
2004 [95]

Bangladesh Case–control 6–60 mo with 
ALRI (N = 35) and 
healthy children 
(N = 38)

Serum Zn, hair Zn Serum Zn (90 vs. 176 µg/dL) 
and hair Zn (158 vs. 247 µg/g) 
lower in children with ALRI 
than in controls; low serum Zn 
associated with ALRI in multi-
ple logistic regression analysis

ALRI, acute lower respiratory infection; HAZ, height-for-age z-score; RR, relative risk
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Correlation studies

We included studies with cohort, cross-sectional, 
or case–control designs that assessed a biochemical 
measure of zinc status and one of the functional indi-
cators we have included in this review (table 7). Two 
cohort studies assessed serum zinc at baseline, and 
one found that lower serum zinc status was associ-
ated with increased infection rates during the 90 days 
of follow-up [91, 92]. Three cross-sectional studies 
assessed correlations of serum zinc status and presence 
of infection and/or anthropometric indicators [2, 93, 
94]. Four studies assessed serum zinc levels among 
children with diarrhea and matching controls [95–98]. 
The studies found that serum zinc was lower among 
children with an active infection than among control  
children.

Summary and discussion

Zinc deficiency is now widely recognized as a lead-
ing risk factor for morbidity and mortality; however, 
accurately assessing individual zinc deficiency remains 
challenging [4, 99]. The results of zinc supplementation 
trials show positive effects of zinc on functional out-
comes, including infectious disease morbidity, growth, 
and development. These data are important for the 
treatment and prevention of illnesses in young children 
and should lead to interventions that include zinc in 
supplementation or food-based interventions.

Evaluating the therapeutic response to zinc supple-
mentation as assessed by randomized trials would be 
useful to determine population-level zinc deficiency. 
However, continuing trials with a policy for supple-
mentation during contemporaneous diarrhea treat-
ment would be unethical, and therefore, additional 
data will not be available. Zinc deficiency can lead to 

increased rates of diarrhea and pneumonia, but the 
rates of these diseases are variable between and within 
individual countries. The effect of zinc deficiency on 
the incidence and prevalence rates of diarrhea is not so 
great that it could be used to distinguish populations 
or groups likely to be deficient. However, it is possible 
to expect that populations with the highest rates of 
diarrhea would be more likely to have higher rates of 
zinc deficiency because of losses of zinc in the stools. 
The effects of zinc deficiency on child development 
are not consistent and are too difficult to measure to 
be useful as a population indicator.

It is well known that zinc deficiency can lead to 
growth retardation [1]. Brown et al. previously showed 
that children receiving zinc supplementation responded 
positively, especially when they were underweight 
or stunted at baseline [7]. Additional analysis of the 
results from growth trials confirms that we will expect 
to see the greatest response to supplementation in 
populations with the highest rates of stunting. Stunting 
rates of 20% and higher are considered a public health 
concern by the World Heath Organization [100], and 
this value was recommended as a realistic cutoff to 
estimate problematic zinc deficiency within a popula-
tion [4]. The additional investigation presented in this 
review supports these findings and recommendations 
for using stunting rates as the best approximation for 
estimating zinc deficiency at the population level for 
children under 5 years of age.

Acknowledgments

We acknowledge the contribution of Ken E. Brown and 
Janet M. Peerson, University of California at Davis, 
for their additional analysis and interpretation of the 
growth data. The material presented in this paper is 
original and unpublished elsewhere.

References

 1. Prasad AS, Miale A, Farid Z, Sanstead HH, Schulert AR, 
Darby WJ. Biochemical studies on dwarfism, hypogo-
nadism and anemia. Arch Intern Med 1963;111:407–28.

 2. Strand TA, Adhikari RK, Chandyo RK, Sharma PR, 
Sommerfelt H. Predictors of plasma zinc concentrations 
in children with acute diarrhea. Am J Clin Nutr 2004; 
79:451–6.

 3. Lowe NM, Woodhouse LR, Sutherland B, Shames DM, 
Burri BJ, Abrams SA, Turnlund JR, Jackson MJ, King 
JC. Kinetic parameters and plasma zinc concentration 
correlate well with net loss and gain of zinc from men. 
J Nutr 2004;134:2178–81.

 4. Brown KH, Rivera JA, Bhutta Z, Gibson RS, King JC, 
Lönnerdal B, Ruel MT, Sandström G, Wasantwisut E. 
Assessment of the risk of zinc deficiency in populations. 
Food Nutr Bull 2004;25(suppl 2):S130–62.

 5. Zinc Investigators’ Collaborative Group.Therapeutic 
effects of oral zinc in acute and persistent diarrhea 
in children in developing countries: Pooled analy-
sis of randomized controlled trials. Am J Clin Nutr 
2000;72:1516–22.

 6. Brooks WA, Yunus M, Santosham M, Wahed MA, Nahar 
K, Yeasmin S, Black RE. Zinc for severe pneumonia in 
very young children: Double-blind placebo-controlled 
trial. Lancet 2004;363:1683–8.

 7. Brown KH, Peerson JM, Rivera J, Allen LH. Effect 
of supplemental zinc on the growth and serum zinc 
concentrations of prepubertal children: a meta-analysis 
of randomized controlled trials. Am J Clin Nutr 2002; 
75:1062–71.

 8. Zinc Investigators’ Collaborative Group. Prevention of 
diarrhea and pneumonia by zinc supplementation in 



S476 C. L. Fischer Walker and R. E. Black

children in developing countries: Pooled analysis of ran-
domized controlled trials. J Pediatr 1999;135:689–97.

 9.  Al-Sonboli N, Gurgel RQ, Shenkin A, Hart CA, Cuevas 
LE. Zinc supplementation in Brazilian children with 
acute diarrhoea. Ann Trop Paediatr 2003;23:3–8.

 10.  Bahl R, Bhandari N, Saksena M, Strand T, Kumar GT, 
Bhan MK, Sommerfelt H. Efficacy of zinc-fortified oral 
rehydration solution in 6- to 35-month-old children 
with acute diarrhea. J Pediatr 2002;141:677–82.

 11.  Baqui AH, Black RE, El Arifeen S, Yunus M, Chakraborty 
J, Ahmed S, Vaughan JP. Effect of zinc supplementation 
started during diarrhoea on morbidity and mortality 
in Bangladeshi children: Community randomised trial. 
BMJ 2002;325:1059.

 12.  Bhatnagar S, Bahl R, Sharma PK, Kumar GT, Saxena SK, 
Bhan MK. Zinc with oral rehydration therapy reduces 
stool output and duration of diarrhea in hospitalized 
children: A randomized controlled trial. J Pediatr Gas-
troenterol Nutr 2004;38:34–40.

 13.  Brooks WA, Santosham M, Roy SK, Faruque AS, Wahed 
MA, Nahar K, Khan AI, Khan AF, Fuchs GJ, Black RE. 
Efficacy of zinc in young infants with acute watery 
diarrhea. Am J Clin Nutr 2005;82:605–10.

 14.  Dutta P, Mitra U, Datta A, Niyogi SK, Dutta S, Manna 
B, Basak M, Mahapatra TS, Bhattacharya SK. Impact of 
zinc supplementation in malnourished children with 
acute watery diarrhoea. J Trop Pediatr 2000;46:259–63.

 15.  Faruque AS, Mahalanabis D, Haque SS, Fuchs GJ, Habte 
D. Double-blind, randomized, controlled trial of zinc or 
vitamin A supplementation in young children with acute 
diarrhoea. Acta Paediatr 1999;88:154–60.

 16. Hidayat A, Achadi A, Sunoto, Soedarmo SP. The effect 
of zinc supplementation in children under three years 
of age with acute diarrhea in Indonesia. Med J Indonesia 
1998;7:237–41.

 17. Rahman MJ, Sarker P, Roy SK, Ahmad SM, Chisti J, 
Azim T, Mathan M, Sack D, Andersson J, Raqib R. 
Effects of zinc supplementation as adjunct therapy on 
the systemic immune responses in shigellosis. Am J Clin 
Nutr 2005;81:495–502.

 18.  Roy SK, Tomkins AM, Akramuzzaman SM, Behrens 
RH, Haider R, Mahalanabis D, Fuchs G. Randomised 
controlled trial of zinc supplementation in malnour-
ished Bangladeshi children with acute diarrhea. Arch 
Dis Child 1997;77:196–200.

 19. Sachdev HP, Mittal NK, Mittal SK, Yadav HS. A control-
led trial on utility of oral zinc supplementation in acute 
dehydrating diarrhea in infants. J Pediatr Gastroenterol 
Nutr 1988;7:877–81.

 20. Sazawal S, Black RE, Bhan MK, Bhandari N, Sinha A, 
Jalla S. Zinc supplementation in young children with 
acute diarrhea in India. N Engl J Med 1995;333:839–44.

 21. Strand TA, Chandyo RK, Bahl R, Sharma PR, Adhikari 
RK, Bhandari N, Ulvik RJ, Mølbak K, Bhan MK, Som-
merfelt H. Effectiveness and efficacy of zinc for the 
treatment of acute diarrhea in young children. Pediatrics 
2002;109:898–903.

 22. Food and Nutrition Board/Institute of Medicine. Dietary 
reference intakes: vitamin A, vitamin K, arsenic, boron, 
chromium, copper, iodine, iron, manganese, molybde-
num, nickel, silicon, vanadium, and zinc. Washington, 
DC: National Academy Press, 2001. 

 23. Khatun UH, Malek MA, Black RE, Sarkar NR, Wahed 

MA, Fuchs G, Roy SK. A randomized controlled clini-
cal trial of zinc, vitamin A or both in undernourished 
children with persistent diarrhea in Bangladesh. Acta 
Paediatr 2001;90:376–80.

 24. Penny ME, Peerson JM, Marin RM, Duran A, Lanata CF, 
Lönnerdal B, Black RE, Brown KH. Randomized, com-
munity-based trial of the effect of zinc supplementation, 
with and without other micronutrients, on the duration 
of persistent childhood diarrhea in Lima, Peru. J Pediatr 
1999;135(2 pt 1):208–17.

 25. Bhutta ZA, Nizami SQ, Isani Z. Zinc supplementation 
in malnourished children with persistent diarrhea in 
Pakistan. Pediatrics 1999;103:e42.

 26. Roy SK, Tomkins AM, Mahalanabis D, Akramuzzaman 
SM, Haider R, Behrens RH, Fuchs G. Impact of zinc sup-
plementation on persistent diarrhoea in malnourished 
Bangladeshi children. Acta Paediatr 1998;87:1235–9.

 27. Sachdev HP, Mittal NK, Yadav HS. Oral zinc supple-
mentation in persistent diarrhoea in infants. Ann Trop 
Paediatr 1990;10:63–9.

 28. Mahalanabis D, Lahiri M, Paul D, Gupta S, Gupta A, 
Wahed MA, Khaled MA. Randomized, double blind, 
placebo-controlled clinical trial of the efficacy of treat-
ment with zinc or vitamin A in infants and young chil-
dren with severe acute lower respiratory infection. Am 
J Clin Nutr 2004;79:430–6.

 29. Mahalanabis D, Chowdhury A, Jana S, Bhattacharya 
MK, Chakrabarti MK, Wahed MA, Khaled MA. Zinc 
supplementation as adjunct therapy in children with 
measles accompanied by pneumonia: A double-blind, 
randomized controlled trial. Am J Clin Nutr 2002; 
76:604–7.

 30. Zinc Against Plasmodium Study Group. Effect of zinc 
on the treatment of Plasmodium falciparum malaria in 
children: A randomized controlled trial. Am J Clin Nutr 
2002;76:805–12.

 31. Rahman MM, Vermund SH, Wahed MA, Fuchs GJ, 
Baqui AH, Alvarez JO. Simultaneous zinc and vitamin A 
supplementation in Bangladeshi children: Randomised 
double blind controlled trial. BMJ 2001;323:314–8.

 32. Roy SK, Tomkins AM, Haider R, Behren RH, Akramuz-
zaman SM, Mahalanabis D, Fuchs GJ. Impact of zinc 
supplementation on subsequent growth and morbidity 
in Bangladeshi children with acute diarrhoea. Eur J Clin 
Nutr 1999;53:529–34.

 33. Richard SA, Zavaleta N, Caulfield LE, Black RE, 
Shankar A. The effect of zinc and iron supplementa-
tion on malaria, diarrhea, and respiratory infections in 
children in the Peruvian Amazon. Am J Trop Med Hyg 
2006;75:126–32.

 34. Meeks Gardner J, Powell CA, Baker-Henningham H, 
Walker SP, Cole TJ, Grantham-McGregor SM. Zinc sup-
plementation and psychosocial stimulation: Effects on 
the development of undernourished Jamaican children. 
Am J Clin Nutr 2005;82:399–405.

 35. Penny ME, Marin RM, Duran A, Peerson JM, Lanata 
CF, Lönnerdal B, Black RE, Brown KH. Randomized 
controlled trial of the effect of daily supplementation 
with zinc or multiple micronutrients on the morbidity, 
growth, and micronutrient status of young Peruvian 
children. Am J Clin Nutr 2004;79:457–65.

 36. Lind T, Lönnerdal B, Stenlund H, Gamayanti IL, Ismail 
D, Seswandhana R, Persson LA. A community-based 



S477Functional indicators

randomized controlled trial of iron and zinc supple-
mentation in Indonesian infants: Effects on growth and 
development. Am J Clin Nutr 2004;80:729–36.

 37. Sur D, Gupta DN, Mondal SK, Ghosh S, Manna B, 
Rajendran K, Bhattacharya SK. Impact of zinc supple-
mentation on diarrheal morbidity and growth pattern 
of low birth weight infants in Kolkata, India: A rand-
omized, double-blind, placebo-controlled, community-
based study. Pediatrics 2003;112(6 pt 1):1327–32.

 38. Gupta DN, Mondal SK, Ghosh S, Rajendran K, Sur D, 
Manna B. Impact of zinc supplementation on diarrhoeal 
morbidity in rural children of West Bengal, India. Acta 
Paediatr 2003;92:531–6.

 39. Bhandari N, Bahl R, Taneja S, Strand T, Mølbak K, 
Ulvik RJ, Sommerfelt H, Bhan MK. Effect of routine 
zinc supplementation on pneumonia in children aged 
6 months to 3 years: Randomised controlled trial in an 
urban slum. BMJ 2002;324:1358.

 40. Bhandari N, Bahl R, Taneja S, Strand T, Mølbak K, 
Ulvik RJ, Sommerfelt H, Bhan MK. Substantial reduc-
tion in severe diarrheal morbidity by daily zinc supple-
mentation in young north Indian children. Pediatrics 
2002;109:e86.

 41. Osendarp SJ, Santosham M, Black RE, Wahed MA, 
van Raaij JM, Fuchs GJ. Effect of zinc supplementation 
between 1 and 6 mo of life on growth and morbidity 
of Bangladeshi infants in urban slums. Am J Clin Nutr 
2002;76:1401–8.

 42. Sazawal S, Black RE, Menon VP, Dinghra P, Caulfield 
LE, Dhingra U, Bagati A. Zinc supplementation in 
infants born small for gestational age reduces mortality: 
A prospective, randomized, controlled trial. Pediatrics 
2001;108:1280–6.

 43. Umeta M, West CE, Haidar J, Deurenberg P, Hautvast JG. 
Zinc supplementation and stunted infants in Ethiopia: A 
randomised controlled trial. Lancet 2000;355:2021–6.

 44. Shankar AH, Genton B, Baisor M, Paino J, Tamja S, 
Adiguma T, Wu L, Rare L, Bannon D, Tielsch JM, West 
KP, Alpers MP. The influence of zinc supplementa-
tion on morbidity due to Plasmodium falciparum: A 
randomized trial in preschool children in Papua New 
Guinea. Am J Trop Med Hyg 2000;62:663–9.

 45. Kikafunda JK, Walker AF, Allan EF, Tumwine JK. 
Effect of zinc supplementation on growth and body 
composition of Ugandan preschool children: A rand-
omized, controlled, intervention trial. Am J Clin Nutr 
1998;68:1261–6.

 46. Sazawal S, Black RE, Jalla S, Mazumdar S, Sinha A, 
Bhan MK. Zinc supplementation reduces the incidence 
of acute lower respiratory infections in infants and 
preschool children: A double-blind, controlled trial. 
Pediatrics 1998;102(1 pt 1):1–5.

 47. Lira PI, Ashworth A, Morris SS. Effect of zinc sup-
plementation on the morbidity, immune function, 
and growth of low-birth-weight, full-term infants in 
northeast Brazil. Am J Clin Nutr 1998;68(2 suppl): 
418S–24S.

 48. Meeks Gardner J, Witter MM, Ramdath DD. Zinc sup-
plementation: Effects on the growth and morbidity of 
undernourished Jamaican children. Eur J Clin Nutr 
1998;52:34–9.

 49. Ruel MT, Rivera JA, Santizo MC, Lönnerdal B, Brown 
KH. Impact of zinc supplementation on morbidity from 

diarrhea and respiratory infections among rural Guate-
malan children. Pediatrics 1997;99:808–13.

 50. Rosado JL, Lopez P, Munoz E, Martinez H, Allen LH. Zinc 
supplementation reduced morbidity, but neither zinc 
nor iron supplementation affected growth or body com-
position of Mexican preschoolers. Am J Clin Nutr 1997; 
65:13–9.

 51. Sazawal S, Black RE, Bhan MK, Jalla S, Sinha A, 
Bhandari N. Efficacy of zinc supplementation in reduc-
ing the incidence and prevalence of acute diarrhea—A 
community-based, double-blind, controlled trial. Am J 
Clin Nutr 1997;66:413–8.

 52. Sempértegui F, Estrella B, Correa E, Aguirre L, Saa B, 
Torres M, Navarrete F, Alarcón C, Carrión J, Rodríguez , 
Griffiths JK. Effects of short-term zinc supplementation 
on cellular immunity, respiratory symptoms, and growth 
of malnourished Equadorian children. Eur J Clin Nutr 
1996;50:42–6.

 53. Ninh NX, Thissen JP, Collette L, Gerard G, Khoi HH, 
Ketelslegers JM. Zinc supplementation increases growth 
and circulating insulin-like growth factor I (IGF-I) in 
growth-retarded Vietnamese children. Am J Clin Nutr 
1996;63:514–9.

 54. Castillo-Duran C, Heresi G, Fisberg M, Uauy R. Con-
trolled trial of zinc supplementation during recovery 
from malnutrition: Effects on growth and immune 
function. Am J Clin Nutr 1987;45:602–8.

 55. Bates CJ, Evans PH, Dardenne M, Prentice A, Lunn 
PG, Northrop-Clewes CA, Hoare S, Cole TJ, Horan 
SJ, Longman SC, Sterling D, Aggett PJ. A trial of zinc 
supplementation in young rural Gambian children. Br 
J Nutr 1993;69:243–55.

 56. Brooks WA, Santosham M, Naheed A, Goswami D, 
Wahed MA, Faruque AS, Black RE. Weekly zinc sup-
plements prevent pneumonia and reduce mortality in 
children less than two years in a Dhaka urban low-
income population: A randomized controlled trial. 
Lancet 2005;366:999–1004.

 57. Baqui AH, Zaman K, Persson LA, El Arifeen S, Yunus M, 
Begum N, Black RE. Simultaneous weekly supplementa-
tion of iron and zinc is associated with lower morbidity 
due to diarrhea and acute lower respiratory infection in 
Bangladeshi infants. J Nutr 2003;133:4150–7.

 58. Smith JC, Makdani D, Hegar A, Rao D, Douglass LW. 
Vitamin A and zinc supplementation of preschool chil-
dren. J Am Coll Nutr 1999;18:213–22.

 59. Sayeg Porto MA, Oliveira HP, Cunha AJ, Miranda G, 
Guimarães MM, Oliveira WA, dos Santos DM. Linear 
growth and zinc supplementation in children with short 
stature. J Pediatr Endocrinol Metab 2000;13:1121–8.

 60. Dijkhuizen MA, Wieringa FT, West CE, Martuti S, 
Muhilal. Effects of iron and zinc supplementation in 
Indonesian infants on micronutrient status and growth. 
J Nutr 2001;131:2860–5.

 61. Castillo-Duran C, Perales CG, Hertrampf ED, Marin 
VB, Rivera FA, Icaza G. Effect of zinc supplementation 
on development and growth of Chilean infants. J Pediatr 
2001;138:229–35.

 62. Rivera JA, Ruel MT, Santizo MC, Lönnerdal B, Brown 
KH. Zinc supplementation improves the growth of 
stunted rural Guatemalan infants. J Nutr 1998;128: 
556–62.

 63. Ruz M, Castillo-Duran C, Lara X, Codoceo J, Rebolledo 



S478 C. L. Fischer Walker and R. E. Black

A, Atalah E. A 14-mo zinc-supplementation trial in 
apparently healthy Chilean preschool children. Am J 
Clin Nutr 1997;66:1406–13.

 64. Friis H, Ndhlovu P, Mduluza T, Kaondera K, Sandström 
B, Michaelsen KF, Vennervald BJ, Christensen NO. The 
impact of zinc supplementation on growth and body 
composition: A randomized, controlled trial among 
rural Zimbabwean schoolchildren. Eur J Clin Nutr 
1997;51:38–45.

 65. Castillo-Duran C, Rodriguez A, Venegas G, Alvarez P, 
Icaza G. Zinc supplementation and growth of infants 
born small for gestational age. J Pediatr 1995;127:206–11.

 66. Dirren H, Barclay D, Ramos JG, Lozano R, Montalvo 
MM, Dávila N, Mora JO. Zinc supplementation and 
child growth in Ecuador. Adv Exp Med Biol 1994;352: 
215–22.

 67. Cavan KR, Gibson RS, Grazioso CF, Isalgue AM, Ruz 
M, Solomons NW. Growth and body composition of 
periurban Guatemalan children in relation to zinc status: 
A longitudinal zinc intervention trial. Am J Clin Nutr 
1993;57:344–52.

 68. Shrivastava SP, Roy AK, Jana UK. Zinc supplementa-
tion in protein energy malnutrition. Indian Pediatr 
1993;30:779–82.

 69. Hong ZY, Zhang YW, Xu JD, Zhou JD, Gao XL, Liu XG, 
Shi YY. Growth promoting effect of zinc supplementa-
tion in infants of high-risk pregnancies. Chin Med J 
(Engl) 1992;105:844–8.

 70. Mahloudji M, Reinhold JG, Haghshenass M, Ronaghy 
HA, Fox MR, Halsted JA. Combined zinc and iron com-
pared with iron supplementation of diets of 6- to 12-year 
old village schoolchildren in southern Iran. Am J Clin 
Nutr 1975;28:721–5.

 71. Castillo-Duran C, Garcia H, Venegas P, Torrealba I, 
Panteon E, Concha N, Perez P. Zinc supplementation 
increases growth velocity of male children and adoles-
cents with short stature. Acta Paediatr 1994;83:833–7.

 72. Samman S. Trace elements. In: Essentials of human 
nutrition. Mann J, Truswell S, eds. New York: Oxford 
University Press, 2002.

 73. Gibson RS, Vanderkooy PD, MacDonald AC, Gold-
man A, Ryan BA, Berry M. A growth-limiting, mild 
zinc-deficiency syndrome in some southern Ontario 
boys with low height percentiles. Am J Clin Nutr 
1989;49:1266–73.

 74.  Hambidge KM, Chavez MN, Brown RM, Walravens PA. 
Zinc nutritional status of young middle-income children 
and effects of consuming zinc-fortified breakfast cereals. 
Am J Clin Nutr 1979;32:2532–9.

 75. Hambidge KM, Chavez MN, Brown RM, Walverens 
PA. Zinc supplementation of low-income pre-school 
children. In: Proceedings of the 3rd International 
Symposium of Trace Element Metabolism in Man and 
Animals. Kirchgessner M, ed. Freising-Weihenstephan: 
Institut fur Ernahrungsphysiologie, Technische Univer-
sitat Munchen, 1978:296–9.

 76. Heinig MJ, Brown KH, Lonnerdal B, Dewey KG. Zinc 
supplementation does not affect growth, morbidity, or 
motor development of U.S. breastfed infants at 4–10 mo. 
FASEB J 1998;12:A970.

 77.  Hong ZY. [Enhancing effect of zinc supplementation 
on the growth of formula-fed children.] Chung Hua I 
Hsueh Tsa Chih 1987;67:16–8 [in Chinese].

 78. Nakamura T, Nishiyama S, Futagoishi-Suginohara Y, 
Matsuda I, Higashi A. Mild to moderate zinc deficiency 
in short children: Effect of zinc supplementation on 
linear growth velocity. J Pediatr 1993;123:65–9.

 79. Udomkesmalee E, Dhanamitta S, Sirisinha S, Charoen-
kiatkul S, Tuntipopipat S, Banjong O, Rojroongwasinkul 
N, Kramer TR, Smith JC Jr. Effect of vitamin A and zinc 
supplementation on the nutriture of children in North-
east Thailand. Am J Clin Nutr 1992;56:50–7.

 80. Walravens PA, Chakar A, Mokni R, Denise J, Lemonnier 
D. Zinc supplements in breastfed infants. Lancet 1992; 
340:683–5.

 81. Walravens PA, Hambidge KM. Growth of infants fed 
a zinc supplemented formula. Am J Clin Nutr 1976; 
29:1114–21.

 82. Walravens PA, Hambidge KM, Koepfer DM. Zinc 
supplementation in infants with a nutritional pattern 
of failure to thrive: A double-blind, controlled study. 
Pediatrics 1989;83:532–8.

 83. Walravens PA, Krebs NF, Hambidge KM. Linear growth 
of low income preschool children receiving a zinc sup-
plement. Am J Clin Nutr 1983;38:195–201.

 84. Hong ZY. [Observation on the therapeutic effect of zinc 
on under-weight children]. Chung Hua I Hsueh Tsa 
Chih 1982;62:415–9 [in Chinese].

 85. Black MM, Sazawal S, Black RE, Khosla S, Kumar J, 
Menon V. Cognitive and motor development among 
small-for-gestational-age infants: Impact of zinc sup-
plementation, birth weight, and caregiving practices. 
Pediatrics 2004;113:1297–305.

 86. Black MM, Baqui AH, Zaman K, Ake Persson L, El 
Arifeen S, Le K, McNary SW, Parveen M, Hamadani 
JD, Black RE. Iron and zinc supplementation promote 
motor development and exploratory behavior among 
Bangladeshi infants. Am J Clin Nutr 2004;80:903–10.

 87. Bentley ME, Caulfield LE, Ram M, Santizo MC, Hurtado 
E, Rivera JA, Ruel MT, Brown KH. Zinc supplementa-
tion affects the activity patterns of rural Guatemalan 
infants. J Nutr 1997;127:1333–8.

 88. Ashworth A. Effects of intrauterine growth retardation 
on mortality and morbidity in infants and young chil-
dren. Eur J Clin Nutr 1998;52(suppl 1):S34–41; discus-
sion S-41-2.

 89. Hamadani JD, Fuchs GJ, Osendarp SJ, Khatun F, Huda 
SN, Grantham-McGregor SM. Randomized controlled 
trial of the effect of zinc supplementation on the mental 
development of Bangladeshi infants. Am J Clin Nutr 
2001;74:281–6.

 90. Gross R, Hansel H, Schultink W, Shrimpton R, Matulessi 
P, Gross G, Tagliaferri E, Sastroamdijojo S. Moderate 
zinc and vitamin A deficiency in breast milk of mothers 
from East-Jakarta. Eur J Clin Nutr 1998;52:884–890.

 91. Hautvast JL, Tolboom JJ, Kafwembe EM, Musonda 
RM, Mwanakasale V, van Staveren WA, van ‘t Hof MA, 
Sauerwein RW, Willems JL, Monnens LA. Severe linear 
growth retardation in rural Zambian children: The 
influence of biological variables. Am J Clin Nutr 2000; 
71:550–9.

 92. Bahl R, Bhandari N, Hambidge KM, Bhan MK. Plasma 
zinc as a predictor of diarrheal and respiratory morbid-
ity in children in an urban slum setting. Am J Clin Nutr 
1998;68(2 suppl):414S–7S.

 93. Gibson RS, Heywood A, Yaman C, Sohlström A, 



S479Functional indicators

Thompson LU, Heywood P. Growth in children from 
the Wosera subdistrict, Papua New Guinea, in relation 
to energy and protein intakes and zinc status. Am J Clin 
Nutr 1991;53:782–9.

 94. Brown KH, Lanata CF, Yuen ML, Peerson JM, Butron 
B, Lönnerdal B. Potential magnitude of the misclas-
sification of a population’s trace element status due to 
infection: Example from a survey of young Peruvian 
children. Am J Clin Nutr 1993;58:549–54.

 95. Shakur MS, Malek MA, Bano N, Islam K. Zinc status 
in well nourished Bangladeshi children suffering from 
acute lower respiratory infection. Indian Pediatr 2004; 
41:478–81.

 96. Demirci M, Delibas N, Altuntas I, Oktem F, Yonden Z. 
Serum iron, zinc and copper levels and lipid peroxida-

tion in children with chronic giardiasis. J Health Popul 
Nutr 2003;21:72–5.

 97. Castillo-Duran C, Vial P, Uauy R. Trace mineral balance 
during acute diarrhea in infants. J Pediatr 1988;113: 
452–7.

 98. Chaudhary S, Verma M, Dhawan V, Nain CK, Kumar 
R, Kumar L, Ganguly NK. Plasma vitamin A, zinc and 
selenium concentrations in children with acute and per-
sistent diarrhoea. J Diarrhoeal Dis Res 1996;14:190–3.

 99. World Health Organization. Zinc. In: Trace elements in 
human nutrition and health. Geneva: WHO; 1996.

 100. World Health Organization. Physical status: The use 
and interpretation of anthropometry. Report of a WHO 
Expert Committee. World Health Organ Tech Rep Ser 
1995;854:1–452.


