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children due to gastrointestinal and respiratory infec-
tions [7,8]. More recent trials from sub-Saharan coun-
tries have also shown an effect on malarial morbidity
[9]. This effect of zinc against infectious diseases is ther-
apeutic as well as preventive. Previous reviews by the
Zinc Investigators’ Collaborative Group in 1999 [10] and
by Aggarwal et al. [11] have studied the effect of preven-
tive zinc supplementation on diarrheal and respiratory
morbidity. The current syst



Results of pooled estimates are described as relative risk
(RR) with 95% CI. All meta-analyses were conducted
using the software RevMan version 5 [14]. Data, where
available, were taken for zinc versus placebo/no treat-
ment (control) groups and for zinc plus other micronu-
trient versus other micronutrient, making zinc
supplementation the only difference between the inter-
vention and control groups.

We followed standardized guidelines of Child Health
Epidemiology Reference Group (CHERG) to get esti-
mates of effectiveness of preventive zinc supplementa-
tion in reducing diarrhea and pneumonia specific
mortality [12]. Application of CHERG rules is based on
three components 1) the volume and consistency of the
evidence; 2) the size of the effect, or risk ratio and 3)
the strength of the statistical evidence for an association
between the intervention and outcome. The detailed
description and application of these rules to collective
morbidity and mortality outcomes is provided in the
results and discussion section.

Results

Trial flow

The search on the electronic database and papers from
hand searches yielded 336 titles out of which 18 studies



Number of

fixed effect model) among studies using zinc supple-
mentation alone (Figure 3A). The effect decreased to 9%
but remained insignificant (RR = 0.91; 95% CI: 0.76,
1.09) after inclusion of the two studies [30,31] with IFA
supplementation as co-intervention in both the treat-
ment and control arms. According to CHERG rules, we
took the estimate of cause specific mortality reduction
based on zinc supplementation only studies. Using the
modified GRADE criteria, we rated the qualitative
assessment for the above outcomes as low quality [12].
According to CHERG rules for evidence review, low
quality evidence on cause specific mortality cannot be
used as an effectiveness estimate on mortality reduction
for an intervention and other outcomes should be
reviewed [12].

Cause specific mortality data due to pneumonia were
included in five trials presented in six papers
[21,27,28,30,31,34]. Analysis of zinc supplementation
only trials showed a 15% non-significant reduction in
pneumonia specific mortality (RR = 0.85; 95%: CI 0.65,
1.11) in zinc recipients compared to controls. Further

inclusion of studies with IFA [30,31] showed a 20%
reduction in pneumonia specific mortality which did
reach statistical significance (RR = 0.80; 95% CI: 0.67,
0.96) (Figure 3B). In one study [21] there were no
deaths due to pneumonia in the zinc arm and 10 deaths
in the control arm; the results remained consistent with
reduction in mortality due to pneumonia after exclusion
of the mentioned study. According to CHERG rules for
evidence review, the level of evidence in support of zinc
supplementation affecting pneumonia mortality in under
5 children was of low quality, as the overall results from
trials of zinc supplementation alone on pneumonia mor-
tality were statistically non-significant.

Malaria specific mortality data were provided in one
large trial from Africa with zinc supplementation com-
pared to placebo [27]. This was a large randomized con-
trolled trial, with an overall high grade given to the
individual study. There were 272 deaths in the zinc sup-
plementation arm and 302 deaths in the control arm,
and a 10% non-significant reduction in malaria specific
mortality was observed (RR = 0.90; 95% ClI: 0.77, 1.06).



As the above data was provided from a single study the
quality of overall evidence was rated as low.
Cause-specific morbidity impact estimation

Morbidity data on incidence of diarrhea were presented in
14 trials that met our eligibility criteria [15-25,28,29,34].
Generally, the age of the included participants ranged
from newborn healthy children aged 5 years of age. In the
study by Richard et al. children up to 15 years of age were
included, however disaggregated data were available for
children < 5 years of age [15]. In the study by Long et al.
there were four groups: zinc, vitamin A plus zinc, vitamin
A and placebo [29]. We were unable to compute risk ratio
for zinc plus vitamin A versus vitamin A group and so
used the risk ratio for zinc versus placebo only. Studies
where zinc was given with IFA were not considered for
any of the morbidity analyses.

The pooled analysis showed a significant reduction of
13% (RR = 0.87; 95% CI: 0.81, 0.94); random effects
model) on the incidence of diarrheal episodes in zinc
supplemented group as compared to control group
(Figure 4). Hospitalization due to diarrheal episodes was
reported by one study [19] with less than 50 events and,
therefore, could not be included in the review as per
CHERG rules [12].

The effect of zinc supplementation on pneumonia
morbidity (definition rapid respiratory rate with or with-
out other signs of pneumonia) was estimated from six
RCTs [7,19,21,28,32,33]. Three RCTs [15,18,22] and
data from one cluster RCTs [34] were not included in
this morbidity analysis because the diagnostic signs used
did not clearly identify pneumonia or depended upon
self reporting by the patient. The analysis showed a 19%
reduction in pneumonia morbidity in children who
received zinc as compared to control (RR = 0.81; 95%
Cl: 0.73, 0.90) (Figure 5).

Four studies [9,15,17,26] evaluated the effect of zinc



previous reviews on the subject. In their review of preven-
tive zinc supplementation, Brown et al. [38] pooled data
on children across all age groups (infants, preschoolers
and older prepubertal children) and reported a 6% non-






Table 1 Quality assessment of overall evidence for effect of zinc supplementation (alone) in reducing morbidity and
mortality in children > 5 years of age in developing countries

No of  Study Limitations Consistency Generalizability to  Generalizability to intervention of Relative

studies Design Population of interest Risk

(ref) Interest (95% Cl)

Outcome: All-cause mortality: Quality of evidence: Low

7 RCTs Sequence generation and 1= 50% Yes (all studies were  The median dose of supplementation was  0.91
allocation concealment was conducted in 10 mg/day and median duration of (0.82-
unclear in few of the included developing supplementation was for 6 months. 1.01)
studies countries)

CHERG rules to estimate effects for diarrhea and pneu-
monia specific mortality [12]. Zinc supplementation was
associated with an 18% (RR = 0.82; 95% CI: 0.64, 1.05)
reduction in deaths due to diarrheal diseases in under 5
children from developing countries. However, as the

above values were statistically non-significant the evi-
dence on cause specific mortality was labeled as low
quality. In looking at severe morbidity estimates as sur-
rogate measures, such as hospitalization due to diarrhea,
this information was only available from one study with



an overall event rate of less than 50 [12]. As per
CHERG rules, we, therefore, considered the impact of
zinc supplementation on diarrheal incidence for a point
estimate of impact on diarrhea mortality as the evidence
was of moderate quality[12]. With the above outcomes
we took the most conservative effect between the avail-
able low quality evidence on diarrheal specific mortality
and moderate quality evidence on mild morbidity. Using
this sequential application of CHERG rules to the above
outcomes, the observed 13% reduction (RR = 0.87; 95%
Cl: 0.81, 0.94) in diarrhea incidence was taken as an
effect estimate for the protective effect of zinc supple-
mentation on diarrheal disease mortality and recom-
mended for inclusion in LiST tool [12].

A similar effect of zinc was shown for pneumonia. Zinc
only supplementation studies revealed a pooled effect size
of 15% (RR = 0.85; 95% CI: 0.65, 1.11) reduction on pneu-
monia mortality but the overall quality of evidence was
rated as low. We applied CHERG rules on studies with
information on pneumonia morbidity outcomes where the
overall evidence quality was rated as moderate. Applying
CHERG rules we used the most conservative impact esti-
mate from available outcomes i.e. 15% as our pooled sur-
rogate effect size for mortality[12]. Deaths due to malaria
were included only in one study which reported a 10%
(RR =0.90; 95% CI: 0.77, 1.06) reduction in malarial mor-
tality (low quality of evidence). In the present review there
was insufficient evidence of a protective effect of zinc sup-
plementation on malarial mortality or morbidity. There-
fore no estimates can be given for effect of zinc
supplementation on reduction of deaths due to malaria for
inclusion in the LiST tool.

Our review did not give any conclusive evidence about
any possible positive or negative interaction between zinc
and iron whereby iron decreases the absorption or bioa-
vailability of zinc. With the inclusion of IFA studies for
all-cause mortality, the results remained non-significant.
For diarrhea-specific mortality, with inclusion of IFA stu-
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