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ABSTRACT

Background: Zinc supplementation has been shown to lower mortality and morbidity due to diarrhea and
pneumonia. Because of the positive effect of zinc in the prevention of pneumonia, several studies have been
conducted to investigate its effect as an adjunct therapy for pneumonia. For this reason, a systematic,
quantitative review of available studies is needed to determine the overall effect of zinc as an adjunct in the
treatment of pneumonia in children less than five years old.

Obijectives: To assess from literature the effect of zinc, when given with antibiotics, in reducing mortality,
treatment failure, length of hospital stay, and duration of symptoms of pneumonia in children less than five
years old.

Design: Meta-analysis of randomized, placebo-controlled intervention trials.

Methods: Studies for inclusion were identified by PubMed search, journal handsearch, and other methods.
The authors independently assessed study quality and extracted data.

Statistical Analysis: Revman Version 4.2 was used to analyze the data gathered. The summary relative
risks (RRs) and 95% CI for each outcome variable were estimated using a fixed-effects model. Chi-square
and I* were computed to assess for heterogeneity of results.

Results: A total of three acceptable studies were included in the meta-analysis. The summary RRs showed
that zinc had no overall treatment effect on mortality from pneumonia (RR 0.69, CI 0.08, 5.70) and
treatment failure (RR 1.05, CI 0.74, 1.49). These results were statistically insignificant with p-values of 0.73
and 0.77, respectively. Chi’and I’ tests showed significant heterogeneity of results for treatment failure (Chi’
= 5.06, I’ = 60.5%). The same tests did not show significant heterogeneity of results for mortality (Chi* =
0.43, I’ = 0%). In one study, the use of zinc reduced the duration of severe pneumonia with mean
difference of four (4.2-4.9) versus five (4.5-5.5) days leading to shorter hospitalization [5 (4.8-5.5) versus six
(5.1-6.1) days]. In another study, the zinc group’s recovery rate from very ill status was 2.6 times (p = 0.004)
more, and the resolution of fever was 3.1 times (p = 0.003) more than those in the placebo group. However,
these results could not be combined due to lack of data on standard deviation.

Conclusion: There is not enough evidence to conclude that zinc is effective in reducing mortality,
treatment failure and duration of symptoms of pneumonia. A large population, multi-center, randomized,
placebo-controlled trial should be conducted to obtain statistically significant evidence.
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INTRODUCTION

Pneumonia is the leading cause of
morbidity and mortality in children less than
five years old. Worldwide, about 20% of deaths
in children ages zero-to-four vyears are
attributable to pneumonia (1.9 million deaths
per year).! Two-thirds of these deaths happen
during infancy, and more than 90% are in
developing countries.? Data gathered by the
World Health Organization in 2002 on the
leading causes of death showed pneumonia as
the leading infectious cause for mortality—with
1.05 million deaths in children ages zero-to-four
years. In the Philippines, pneumonia ranked
first among the leading causes of mortality in
the year 2000 and second among the leading
causes of infant mortality in the year 2003.3

Recent data showed lower mortality and
morbidity due to infectious disease in well-
designed, randomized, and controlled trials of
zinc supplementation in young children. The
evidence highlighted zinc deficiency as a public
health problem of global proportions;* this
applies especially to diarrhea and pneumonia—
the most prevalent causes of infectious disease
mortality in young children worldwide. The
most extensive and impressive data relate to
the use of zinc as a preventive measure.
Moreover, zinc administered as a therapeutic
agent to vyoung children with acute or
persistent diarrhea also reduces the duration of
the diarrhea, and is associated with a lower
rate of treatment failure or death.” Because of
the positive effect of zinc in the treatment of
diarrhea, several studies have been conducted
to investigate its effect as adjunct therapy for
pneumonia. For this reason, a systematic,
guantitative review of available studies is
needed to determine the overall effect of zinc
as an adjuvant therapy in the treatment of
pneumonia in children less than five years old.

OBJECTIVE

The objective of this study is to assess from
literature the effect of zinc, when given with
antibiotics, in reducing mortality, treatment
failure, length of hospital stay, and duration of
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symptoms of pneumonia in children less than
five years old.

MATERIALS AND METHODS

Study Design: This study is a meta-analysis
which included published, unpublished, and
ongoing studies in order to meet the specified
inclusion criteria.

Identification of Studies: The studies
considered for possible inclusion in this meta-
analysis were identified by searching PUBMED
computerized bibliographic database. In the
MeSH search engine, the following search
terms were used ("Pneumonia"[Mesh] OR
("Pneumonia/drug therapy"[Mesh] OR
"Pneumonia/mortality"[Mesh] OR
"Pneumonia/prevention and control"[Mesh] OR
"Pneumonia/therapeutic use"[Mesh] OR
"Pneumonia/therapy"[Mesh])) AND
("Zinc/therapeutic use"[Mesh] OR
"Zinc/therapy"[Mesh]). The search yielded 20
studies. The bibliographic citations of all the
articles selected for inclusion in the analysis
were also examined to identify other
acceptable studies that were not captured by
the electronic database search. From these,
two studies were identified.

Literature search was also conducted using
the PIMEDICUS database of the University of
the Philippines, College of Medicine Library,
which is a collection of locally published clinical
researches. This search yielded one study. Two
additional studies were identified by hand-
searching articles published in the Philippine
Journal of Pediatrics from January 1996 to June
2007. To identify unpublished trials, a hand-
search of studies submitted by different
training institutions to the Philippine Pediatric
Society from 2000 to 2007 was conducted.
Letters were sent to training institutions to
inquire regarding unpublished and ongoing
studies on zinc and its effect on pneumonia.
One study conducted in 1999 was identified
from the Philippine Children's Medical Center.
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Inclusion Criteria: Studies were considered
acceptable for inclusion in the meta-analysis if
they met the following criteria:

1) the study was a hospital-based
randomized, and placebo-controlled
intervention trial in  which the
supplemented and control groups were
enrolled concurrently;

2) the subjects were children aged less
than five years old, diagnosed with
severe pneumonia, and had no other
co-morbidities;

3) the subjects were given antibiotics of
any class along with daily supplemental
zinc, with or without other adjuncts to
treatment, during the acute phase of
pneumonia;

4) the outcomes measured were reduction
in mortality, treatment failure, length of
hospital stay, and duration of symptoms
of pneumonia.

The number of studies excluded is

summarized by category of exclusion as shown
in Figure 1.

Review of studies and extraction of summary
data: Research assistants assessed the
suitability of each study for inclusion in the
meta-analysis using the defined criteria. Once
the final set of studies for inclusion in the
analyses was established, the authors
independently assessed study quality in terms
of randomization, concealment, intention to
treat, equality of baseline characteristics, and
complete follow-up. Data extraction was
likewise done independently. Any conflicts
were resolved by a third party.

Analysis of data: Revman Version 4.2 was used
to analyze the data gathered. The summary
relative risks and 95% Cl for each outcome
variable were estimated using a fixed-effects
model.  Chi-square and I> were computed to
test for heterogeneity.
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RESULTS

Description of studies

Three studies published between 2004 and
2006 were considered acceptable for inclusion
in the analysis. The general characteristics of
these studies and their participating subjects
are shown in Table 1. These studies did not
differ in study design and initial characteristics
of subjects. Severe pneumonia was uniformly
defined as respiratory rate > 50/minute (for
children 2-11 months) or > 40/minute (for
children > 12 months) with crepitations on
auscultation and the presence of one or more
of the following danger signs: lethargy, inability
to feed, chest in-drawing or central cyanosis.
Two studies®® provided zinc as zinc acetate,
while one’ used zinc sulfate. The dose of zinc
given was 20 mg/day, which was divided into
two doses from the time of enrollment. The
duration of zinc administration differed in the
three trials. All studies adequately described
the masking procedures used. All studies, but
one, (Brooks et al, 2004) specified the use of
allocation concealment.

Effect of zinc on mortality

The calculated relative risks and their 95%
Cls showed contradicting results of the effect of
zinc on mortality (Figure 2). The study by
Mahalanabis, etal. showed a greater risk of
mortality in the zinc group when compared to
placebo (RR 1.50 [0.06, 35.98]). On the other
hand, the study by Bose, et al. showed that zinc
reduces the risk of mortality (RR 0.34 [0.01,
8.17]). Combining these results showed no
overall treatment effect on mortality from
pneumonia (RR 0.69 [0.08, 5.70]) (p-value
0.73). Chi* and 1° tests did not show significant
heterogeneity of results for mortality (Chi® =
0.43, 1° = 0%).

Effect of zinc on treatment failure (Need to
change antibiotics)

The calculated relative risks using fixed-
effects model for treatment failure and their
95% Cls are displayed for the individual studies
and for the combined set of studies in Figure 3.
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FIGURE 1. Studies excluded and included in the meta-analysis and reasons for exclusions.

Outcome measured

was plasma retinol
level (n=1)

Co-morbidities (n=4)

Review paper,
commentary, editorial,
letter (n=7)

20 articles identified in
PubMed search; 6
identified from other
sources

Animal study (n=1)

< Accepted (n=3)
Rejected (n=23)

Inappropriate age (n=1)

Non-zinc treatment
(n=2)

Non-intervention (n=3)

Prevention (n=4)

Table 1. Characteristics of included studies of Zinc and Pneumonia

Study Methods Participants Zinc dose .Duratlon.of Outcomes Allocation
intervention concealment
Bose RCT 2-23 mos old 10 mg zinc | 14 days treatment Adequate
2006 Double- severe BID failure; death;
blind pneumonia time to
Intention Consent resolution of
to treat Admitted to symptoms;
cMC duration of
hospitalization
Brooks RCT 2-23 mos old 10 mg zinc | Until treatment Unclear
2004 Double- with severe BID discharge failure; death;
blind pneumonia time to
Non- consent resolution of
Intention symptoms;
to treat duration of
hospitalization
Mahalana | RCT 2-24 mos old 10 mg zinc | 4 days treatment Adequate
bis 2004 Double- with severe BID failure; death;
blind pneumonia time to
Intention Admitted to BC resolution of
to treat Roy Memorial symptoms;
Hospital duration of
Consent hospitalization
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Figure 2. Effect of zinc on mortality due to pneumonia.

Study Treatment Control RR (fixed) Weight RR (fixed)
or sub-category i niN 95% CI % 95% CI
Brooks 2004 07135 07135 Not estimzble
Mahalanabis (2004) 177 0/38 ¢ & P 30,84 1.50 [0.04, 35.%8]
Bose (2006) 0/143 1/150 ¢ | §3.14 0.24 [0.01, 8.17]
Total (35% CI) 361 323 —ee—— . 0.69 [0.08, 5.70]
Total events: 1 (Treatment), 1 (Control)
Test for heterogensity. Chi = 0.43, df =1 (P=0.51), F= 0%
Test for overall effect Z=0.34 (P=0.73)
61 02 05 1 2 5 10
Favours treatment  Favours control
Figure 3. Effect of zinc on treatment failure
Study Treatment Control RR (fixed) Weight RR (fixed)
or sub-category /N /N 95% Cl % 55% Cl
Brooks 2004 3/135 10/135 —a— £1.03 0.30 [0.08, 1.07]
Iahalanabis (2004) 3/77 2/38 & 5.e3 0.74 [0.13, 4.24]
Bose (2008) 457149 35/150 H- 73.34 1.29 [0.89, 1.89]
Total (35% CI) 361 323 i 100.00 1.05 [0.74, 1.49]
Total events: 51 (Treatment), 47 (Controf)
Test for heterogeneity: ChiE = 5.06, df =2 (P=0.08), F=60.5%
Test for overall effect: Z=0.30 (P=0.77)
01 02 05 1 2 5 10
Favours treatment  Favours contral

Two studies, Brooks (2004) and Mahalanabis
(2004), showed that zinc administration
decreased the risk for treatment failure with RR
0.30 [0.08, 1.07] and 0.74 [0.13, 4.24],
respectively. However, these results were not
statistically significant. The summary relative
risk RR 1.05 [0.74, 1.49] showed no overall
effect on treatment failure (p-value 0.77). Chi?
and I* tests showed significant heterogeneity of
results for treatment failure (Chi2 = 5.06, I* =
60.5%).

Effect of zinc on duration of symptoms and
hospitalization

The study by Brooks, et al. showed shorter
durations of chest indrawing, respiratory rate
>50/min and hypoxia, leading to shorter overall
duration of pneumonia and length of hospital
stay. This resulted in a mean difference of four
(4.2-4.9) versus five (4.5-5.5) days of severe
pneumonia, and five (4.8-5.5) versus six (5.1-
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6.1) days of hospitalization for the zinc and
placebo groups, respectively. On the other
hand, Bose, et al. found that there was no
significant difference in the time of recovery
from severe pneumonia between the zinc and
placebo groups. Likewise, the median length of
hospital stay did not differ significantly
between the two groups.

Mahalanabis, et al. described a significant
interaction between zinc treatment and sex for
ill status (p = 0.08), time to resolution of fever
(p = 0.033) and feeding difficulty (p = 0.045).
Among boys in the zinc group, the rate of
recovery from very ill status was 2.6 times (p =
0.004) and for the resolution of fever was 3.1
times (p = 0.003) more than that in the placebo
group. A similar trend was observed for the
resolution of feeding difficulty (p = 0.09) and
tachypnea (p =0.11).
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DISCUSSION

The recommended daily allowance for zinc
is only 10mg elemental zinc, but many people
in both developing and industrialized countries
do not have this in their diet.® Adequate zinc
intake is critical in maintaining cellular growth,
cellular differentiation, and metabolism of
higher plants and animals. The importance of
zinc for human nutrition and health was not
recognized until the second half of the 20th
century.” It was only 30 years ago, when
clinicians first noted that human zinc
deficiency, secondary to acrodermatitis
enteropathica—an inborn error of metabolism
that causes reduced intestinal absorption of
zinc—is associated with impaired growth,
increased susceptibility to infections, and other
functional abnormalities.’® Since then, a
number of trials have been undertaken in
different countries to assess the effect of zinc
supplementation on child health.

Zinc deficiency is biochemically defined as a
serum concentration of less than 9 umol/l. Itis
common in children in developing countries
whose diets are low in animal products and are
high in phytate.!* Repeated episodes of
diarrhea exacerbate zinc deficiency because of
the loss of zinc in stool.™ Unfortunately, unlike
some other micronutrients of public health
importance, zinc deficiency is not associated
with specific clinical features, and no reliable
biomarkers of deficiency are available to
identify populations.

Studies have shown that zinc deficiency
affects cells of the immune system: it reduces
the number of B Ilymphocytes and T
lymphocytes (CD4 lymphocytes in particular)
through increased apoptosis; and it reduces
their functional capacity. The functions of the
macrophage are compromised and the
production and potency of several cytokines
are also perturbed. Many of these changes
occur even in the early stages of deficiency.’

Zinc plays a part in the maintenance of
epithelial and tissue integrity by promoting cell
growth and suppressing apoptosis. Moreover,
its antioxidant properties protect one against
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free radical damage during inflammatory
responses. Thus, in cases of diarrhea, the varied
functions of zinc help maintain the integrity of
the gut mucosa to reduce or prevent fluid loss.
Notably, these responses can occur within 48
hours, which are much more rapidly than the
direct effects of zinc on cellular development®®.

Randomized, controlled trials of zinc
supplementation provide the best evidence for
the roles of zinc in infectious diseases, which
are mediated through alterations in host
defenses, including epithelial barriers and
immune responses. Results of these trials have
been reviewed and summarized with regard to
the effects on diarrhea and pneumonia
incidence, as well as, on total child mortality. A
pooled analysis of the results of trials in nine
countries and in four continents showed odds
ratios (ORs) in zinc-supplemented groups of
0.82 (95% Cl: 0.72, 0.93) and 0.75 (0.63, 0.88)
for diarrheal incidence and prevalence,
respectively.’* The data for pneumonia
prevention were even more impressive: the OR
was 0.59 (0.41, 0.83). Moreover, the use of zinc
supplements as a preventive modality has been
associated with lower mortality, notably in
cases due to pneumonia.’” Since then,
additional studies that were larger in size and
scope than those included in the pooled
analysis have been published; these studies
were reviewed in a meta-analysis published in
June 2007.'° This meta-analysis conducted
included studies that examined the efficacy of
zinc supplementation, lasting more than or
equal to three months, in preventing diarrhea
and respiratory illnesses among children.
Results showed that children who received a
zinc supplement had fewer episodes of diarrhea
(rate ratio: 0.86) and respiratory tract
infections (rate ratio: 0.92), and had
significantly fewer attacks of severe diarrhea or
dysentery (rate ratio: 0.85), persistent diarrhea
(rate ratio: 0.75), and lower respiratory tract
infection or pneumonia (rate ratio: 0.80), than
those who received placebo. They also had
significantly fewer total number of days with
diarrhea (rate ratio: 0.86), but not in the
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number of days with respiratory illness (rate
ratio: 0.95).

These studies led to the use of zinc
supplementation among children in the
attempt to treat common childhood infections
like pneumonia and diarrhea. This is based on
the premise that zinc acts in the acute phase in
response to infection, thus helping to boost the
body’s immune response through a defense
cascade: beginning with mobilization and
sequestration of zinc to metallothionein-rich
tissue, then the rapid upregulation of immune
defense-specific protein synthesis, to the
activation of immune defense activity such as
macrophages, lymphocytes, and natural killer
cells, and antibody-dependent cytotoxicity.

Meta-analysis techniques are utilized to
consolidate results from multiple studies on the
same topic and to develop evidence-based
policies for clinical practice and public health
programming. The reliability of the conclusions
derived depends on the methodological quality
of the original studies, the appropriateness of
the study inclusion criteria, and the
thoroughness of the review and synthesis of
information. In this analysis, only three trials on
the effect of zinc as an adjunct in the treatment
of pneumonia met the inclusion criteria that
were set by the authors.

The results of this analysis indicate no
statistically significant overall effect of zinc in
reducing the risk of treatment failure and
mortality from pneumonia in children less than
five years old. Moreover, the results for the
effect of zinc use on treatment failure showed
significant heterogeneity, which may be
attributed to: 1) the small cumulative sample
size; 2) the pre-existing zinc status of the study
subjects; 3) the content and bioavailability of
zinc in the local diets; and 4) the
methodological aspects of these studies, which
include the variations in the chemical form,
method of administration and duration of
supplementation of zinc. Two of the three
studies (Brooks and Mahalanabis) showed
beneficial effects of zinc in the reduction of
recovery time and duration of hospitalization.
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These results, however, could not be combined
due to lack of data on standard deviations.

CONCLUSIONS

Due to the lack of statistically significant
data on the effect of zinc in the acute
management of pneumonia, there is not
enough evidence to conclude that zinc is

effective in reducing mortality, treatment
failure and duration of symptoms of
pneumonia.
RECOMMENDATIONS

A large-population, multi-center,

randomized, placebo-controlled trial should be
conducted to obtain statistically significant
evidence.
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