Published by Oxford University Press on behalf of the International Epidemiological Association International Journal of Epidemiology 2010;39:795-808
© The Author 2010; all rights reserved. Advance Access publication 15 February 2010 doi:10.1093/ije/dyp391

Zinc supplementation for the prevention of
acute lower respiratory infection in children
in developing countries: meta-analysis and
meta-regression of randomized trials

Daniel E Roth, Stephanie A Richard and Robert E Black*

Department of International Health, The Johns Hopkins Bloomberg School of Public Health, Baltimore, MD, USA

*Corresponding author. Department of International Health, The Johns Hopkins Bloomberg School of Public Health,
615 N. Wolfe Street, E8527, Baltimore, MD 21205, USA. Email: rblack@jhsph.edu

Accepted

14 December 2009

Background Routine zinc supplementation is a potential intervention for the

Methods

Results

Conclusions

Keywords

prevention of acute lower respiratory infection (ALRI) in developing
countries. However, discrepant findings from recent randomized
trials remain unexplained.

Randomized trials of zinc supplementation in young children in
developing countries were identified by a systematic literature
review. Trials included in the meta-analysis met specific criteria,
including participants <5 years of age, daily/weekly zinc and con-
trol supplementation for greater than 3 months, active household
surveillance for respiratory morbidity and use of a case definition
that included at least one sign of lower respiratory tract illness.
ALRI case definitions were classified on the basis of specificity/
severity. Incidence rate ratios (IRRs) were pooled by random-effects
models. Meta-regression and sub-group analysis were performed to
assess potential sources of between-study heterogeneity.

Ten trials were eligible for inclusion (7=49450 children rando-
mized). Zinc reduced the incidence of ALRI defined by specific
clinical criteria [IRR 0.65, 95% confidence interval (CI) 0.52-0.82],
but had no effect on lower-specificity ALRI case definitions based
on caregiver report (IRR 1.01, 95% CI 0.91-1.12) or World Health
Organization ‘non-severe pneumonia’ (0.96, 95% CI 0.86-1.08).
By meta-regression, the effect of zinc was associated with ALRI
case definition, but not with mean baseline age, geographic loca-
tion, nutritional status or zinc dose.

Routine zinc supplementation reduced the incidence of childhood
ALRI defined by relatively specific clinical criteria, but the effect
was null if lower specificity case definitions were applied.
The choice of ALRI case definition may substantially influence
inferences from community trials regarding the efficacy of preven-
tive interventions.

Zinc, pneumonia, respiratory tract infections, developing countries,
meta-analysis, systematic review

795

2702 ‘2 Re N uo uopuoaba|joD eueduw| e /Hiosfeudnolpioxoall//:dny woly pspeojumoqd


http://ije.oxfordjournals.org/

796 INTERNATIONAL JOURNAL OF EPIDEMIOLOGY

Introduction

Improvements in nutrition are a keystone of current
global efforts to reduce the burden of mortality and
morbidity due to acute lower respiratory infections
(ALRIs) among children living in developing coun-
tries.! Zinc deficiency has been a particular focus of
attention because of its high frequency in developing
countries and its debilitating effects on immune func-
tion.” Observational studies and randomized con-
trolled trials (RCTs) have revealed a range of
functional outcomes associated with zinc status
during childhood, including linear growth, motor
development and susceptibility to infectious diseases.’

To summarize the effect of routine zinc supplemen-
tation on the incidence of ALRI in early childhood,
Aggarwal et al.* previously reported a meta-analysis
of RCTs of daily or weekly zinc administration for
>3 months duration, in which pooling of four studies
that reported an outcome classified as ‘severe respira-
tory illness” (lower respiratory tract infection or pneu-
monia) yielded a rate ratio (RR) of 0.80 [95%
confidence interval (CI) 0.70-0.92].* Using this esti-
mate as a measure of the effect of zinc on ALRI inci-
dence, combined with estimates of the effect of zinc
supplementation on ALRI-related mortality,” it has
been projected that 7% of the global ALRI-associated
disability adjusted life years (DALYs) in <5-year olds
are lost due to zinc deficiency.®

However, several relevant zinc trials not meta-
analysed by Aggarwal, either due to exclusion or pub-
lication after November 2005, have reported null or
negligible effects of supplemental zinc on the risk of
incident ALRI,’"'? leading to speculation about factors
that may underlie the heterogeneous findings, includ-
ing participants’ nutritional status (anthropometry or
zinc status), age and geographic location. Estimates of
ALRI incidence are greatly affected by the specificity
of the ALRI case definition,'> which has also been
observed to influence the magnitude of the effect of
zinc supplementation on ALRI incidence within stu-
dies that considered more than one ALRI outcome
measure.'*'® However, it is unknown whether varia-
tions in case definition specificity can explain the dif-
ferent efficacy of zinc across studies.

In this study, we updated the meta-analysis of the
effect of routine zinc supplementation on the incidence
of childhood ALRI, and used subgroup analysis and
meta-regression to understand sources of between-study
heterogeneity. We aimed to clarify the extent to which
population characteristics and methodological choices
influenced the measured impact of zinc interventions
on ALRI morbidity in children in developing countries.

Methods

Inclusion and exclusion criteria

Studies selected for inclusion fulfilled all of the fol-
lowing criteria: (i) individual- or cluster-randomized

controlled trial of routine (i.e. daily or weekly) zinc
supplementation administered to children <5 years of
age, in a developing country; (ii) masked assignment
to zinc or a similar-appearing control supplement.
Other than placebos, acceptable control supplements
were nutrient co-interventions (e.g. vitamin A, ribo-
flavin) that were administered to both control and
zinc arms. Trials in which iron was delivered as a
simultaneous co-intervention were excluded because
of potential interactions between iron and zinc;'”
however, we included trials in which iron was pro-
vided ad hoc to anaemic children; (iii) community- or
facility-based participant recruitment, followed by
active (i.e. at least weekly) household surveillance
for respiratory morbidity; (iv) ALRI case definition
that clearly aimed to distinguish lower from upper
tract respiratory disease (see below); and (v) supple-
ment administration and ALRI surveillance for
>3 months.

Literature search

Using the Ovid platform, the following databases
were simultaneously scanned using the search string
‘zinc AND (respiratory OR morbidity OR mortality OR
pneumonia OR infection OR ARI)": Cochrane Central
Database of Controlled Trials, Medline (including
in-process and non-indexed citations) since 1950,
Excerpta Medica Database (EMBASE) since 1988
and Global Health since 1973, including articles
cited up to January 2008 and without language
restrictions. One author (D.R.) reviewed the titles
and abstracts to identify studies in which supplemen-
tal zinc was administered to children in a controlled
trial and in which morbidity outcomes were reported,
yielding 33 articles for full-text review (Figure 1). A
second author (S.R.) performed an independent
search of Web of Science and Pubmed, using the
search string ‘zinc and (respiratory or pneumonia or
infection or ARI)’, with ‘limit — clinical trial’ and no
date restrictions, yielding two articles not identified in
the first author’s search. Manual searches of reference
lists from the above articles and a recent review arti-
cle,” previous meta-analyses and consultation
with experts yielded seven additional references for
review. Trials that clearly reported the administration
of multiple micronutrient formulations rather than
zinc alone was not further reviewed since they did
not permit inferences regarding zinc-specific effects.

Subsequent determination of study eligibility and
data abstraction was based on independent review
of full-text manuscripts by two authors (D.R. and
S.R.); discrepancies were resolved by the third
author (R.B.) and discussions aimed at reaching con-
sensus among all three authors.

Data abstraction

Data extracted from each eligible study included
the following primary outcome variables: the total
number of ALRI episodes in each arm; the total
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retrieved in initial
electronic search: 398

A 4

Studies selected for
comprehensive
review: 33
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A

Additional studies from second reviewer’s search: 2
Additional articles from manual search: 7

Studies reviewed in detail: 42

Studies excluded: 32

Primary reason for exclusion:

No active surveillance for respiratory morbidity: 9
> Lacked adequate ALRI definition: 11
Short-course (<3 months) supplementation: 8
Non-fulfillment of other inclusion criteria: 4

A 4

Studies included in meta-
analysis: 10

Figure 1 Flowchart of study selection process. Excluded studies were classified using the following hierarchy: (i) lack
of community-based active surveillance for respiratory morbidity (e.g. hospital-based study, or respiratory outcomes not
reported); (ii) there was active surveillance for respiratory symptoms, but an appropriate ALRI outcome definition was
not reported (i.e. did not distinguish upper and lower respiratory tract infections); and (iii) there was active surveillance
for respiratory symptoms and an appropriate ALRI outcome definition, but the duration of zinc supplementation was

<3 months (e.g. 10-14-day regimens to treat acute or persistent diarrhoea).

amount of person-time accumulated in each arm
(reported as person-days; e.g. if household visits
were weekly, a child was considered under surveil-
lance for all 7 days of each week during which a
visit occurred and the child did not have an ongoing
episode of ALRI); reported incidence rate ratio (IRR),
standard error (SE) and 95% CIs. For studies that
reported an IRR and SE adjusted for within-child
clustering of repeated episodes by generalized estimat-
ing equations (GEEs), an empiric variance inflation
factor (VIF) was calculated as the ratio of the vari-
ance of the adjusted IRR to the variance of the unad-
justed IRR. The VIF was interpreted as a relative
index of within-child clustering of ALRI episodes
(i.e. a higher VIF indicated that a greater proportion
of events were repeated in children who had already
experienced at least one event).

For two studies in which effect estimates were not
reported as IRRs in the published articles, the IRR
was estimated by analysis of raw datasets provided
by the investigators.®!? For a third trial,” we repeated
the analysis including only those participants <5 years
of age. In each analysis, a generalized linear model with
log link and binomial dependent variable (the presence/
absence of a new ALRI episode at each household
visit) was modelled as a function of treatment group
assignment (control or zinc). By using the number

of child-days or child-weeks at risk as an offset, the
regression coefficient for the treatment group repre-
sented an IRR instead of relative proportion. Children
were not considered at risk during an ongoing ALRI
episode (i.e. neither contributed person-days nor were
eligible to experience a new ALRI event). To account
for within-child clustering of repeated outcomes,
robust SEs were calculated using GEE, assuming an
exchangeable correlation structure.'?

IRRs and 95% CIs were used exactly as reported if
there was adjustment for within-child clustering of
events by GEE. However, for studies that did not
adjust the SE for within-child clustering and in
which the case definition score was #1 (see below),
95% CIs were derived from a ‘corrected SE’ calculated
by multiplying the unadjusted SE by a correction
factor of 1.8 (the mean of the empiric VIFs in three
studies that used case definition score #1). No cor-
rection was made to the SEs of the studies using case
definitions #3 or #4, since the VIFs for these types of
studies were ~1 (see ‘Results’ section). An association
between VIF and case definition score was assessed
by an extension of the non-parametric Wilcoxon
rank-sum test executed in the Stata nptrend
command.

Additional data abstracted from each study included
details regarding: the ALRI case definition(s);
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the study base (population- or clinic-based population
at enrolment); sample size at randomization (zinc and
control arms combined); mean age at enrolment (in
control arm); proportion of participants with height/
length-for-age z-score <-2 SD (in control arm);
proportion of participants with weight-for-age
z-score < -2 SD (in control arm); mean plasma zinc
concentration at enrolment (in control arm); zinc
dose, frequency, duration and preparation type; and
nutrient controls and co-interventions.

Outcome definitions

There is no standard definition of childhood ALRI;*°
however, studies were included if they applied an out-
come definition of respiratory illness that incorpo-
rated at least one lower respiratory tract sign
reported by a caregiver and/or observed by study per-
sonnel (fast or difficulty breathing, chest wall indraw-
ing) and/or abnormal findings on pulmonary
auscultation (crackles/crepitations and/or bronchial
breath sounds). Because definitions of ALRI were
not directly comparable across studies and standard
World Health Organization (WHO) definitions for
‘pneumonia’ were rarely used, we assigned each
study outcome a score according to the specificity
and severity qualitatively reflected in the case defini-
tion in the published report (Table 1). We assumed
that, in general, specificity and/or severity (i.e. risk of

Table 1 ALRI case definition scoring scheme

Score Case definition

1  Caregiver report of fast and/or difficult breathing
(including, but not limited to, lower chest wall
indrawing).

2 Fieldworker or physician diagnosis of ALRI® based on
the finding of a rapid respiratory rate; other observed
signs (e.g. lower chest wall indrawing) may be pre-
sent but are not required for the diagnosis. This is
equivalent to the WHO category of ‘non-severe
pneumonia’.

3 Fieldworker or physician diagnosis of ALRI? based on
either a rapid respiratory rate and at least one other
observed sign of ALRI®; or, abnormal sounds on pul-
monary auscultation suggestive of pneumonia (bron-
chial breath sounds and/or crackles/crepitations).

4 Fieldworker or physician diagnosis of ALRI® based on
a rapid respiratory rate and at least one additional
sign of ALRI” and abnormal sounds on pulmonary
auscultation suggestive of pneumonia (bronchial
breath sounds and/or crackles/crepitations).

“Does not require the presence of caregiver-reported symptoms
(e.g. cough).

"Observed clinical features that support the diagnosis of
ALRI, other than elevated respiratory rate: lower chest wall
indrawing, abnormal sounds on pulmonary auscultation
suggestive of pneumonia (bronchial breath sounds and/or
crackles/crepitations), nasal flaring, fever or ‘danger signs’
(i.e. cyanosis, lethargy/sleepiness, irritability, inability to drink
or convulsions).

death) were increased by the following elements:
diagnosis based on examination by a trained observer
rather than caregiver history; physical signs typically
associated with lower rather than upper respiratory
tract infection; and signs suggestive of very severe
infection and/or hypoxaemia (e.g. lethargy, sei-
zures).?'** The four-level scheme was developed
through an iterative process that concluded when all
three authors agreed on the assignment of every case
definition from all included studies.

Meta-analysis

Effect estimates from individual trials were pooled in
random-effects models with inverse-variance weight-
ing, using the Stata metan command, to generate
summary IRRs and 95% CIs. Because of the wide
range of baseline event rates (~50-fold variation), rel-
ative rates were used as the primary effect measure
since they were expected to be less dependent on
baseline risk than absolute risk differences.”
Multiple analyses from any single trial were assumed
to have correlated errors; therefore, meta-analytic
models included effect estimates for only the
most-specific ALRI outcome measures reported for
each trial (i.e. higher score), and were then repeated
using the least-specific (i.e. lowest score) ALRI case
definition from each trial. For six of the trials report-
ing only one outcome, the same effect estimate was
used in both analyses.

Meta-regression and sub-group analyses

Between-study heterogeneity was explored visually
using forest plots and quantified by the I° statistic,
a measure of the proportion of variance of the effect
estimates due to between-study variance.** Subgroup
analyses and meta-regression were limited to five
study characteristics suspected a priori of being mod-
ifiers of the magnitude of the effect of zinc of ALRI
incidence: case definition score (categorical, as score
1-4), study location (categorical, as South Asia vs
elsewhere), mean age at enrolment (continuous and
categorical, as =1 or <1 year of age), proportion of
participants in the control group who were stunted at
baseline (categorical, as > or <20% stunted at base-
line), mean serum zinc concentration (continuous)
and weekly cumulative zinc dose (continuous). The
association between baseline incidence rate and IRR
was not modelled because of the methodological
problems in doing so.?

Meta-regression was performed using the Stata
metareg command, in which the natural logarithm of
the IRR (log IRR) was modelled as a linear function
of a fixed study-level covariate and random
study-specific intercepts: in these models, trials were
weighted by their inverse within-study variances and
residual between-study variances.?® Because of the
limited statistical power (small number of trials, exa-
cerbated by missing data), each covariate was mod-
elled separately. Meta-regression was performed twice
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for each covariate, using effect estimates for either the
most- or least-specific ALRI outcome measures
reported for each trial. Results were reported as
regression coefficients with 95% CIs and P-values.

Sensitivity analyses

In addition to pooling effect estimates based on both
the most- and least-specific case definitions from each
trial, the robustness of the inferences was assessed
using the following sensitivity analyses: (i) exclusion
of studies that did not report IRRs adjusted for
within-child clustering of events by GEE; (ii) exclu-
sion of studies that involved clinic-based recruitment;
(iii) exclusion of the study that involved cluster-
randomized design; and (iv) repetition of key analyses
using fixed-effects models. Publication bias was
assessed by visual inspection of funnel plots and the
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Begg and Egger tests performed using the Stata meta-
bias command, based on separate analyses using effect
estimates for either the most- or least-specific ALRI
outcome measures reported for each trial.

All analyses were conducted using Stata IC, version
10 (Statacorp, TX, USA).

Results

Study selection

A total of 42 studies underwent comprehensive
review, of which 10 were considered eligible
(Figure 1).7'#'471¢27 Excluded studies either did
not address the question of zinc efficacy for the pre-
vention of ALRI or did not meet the methodological
criteria required for meta-analysis and between-study
comparisons (Table 2; Supplementary Appendix S1).

Table 2 Zinc supplementation trials not eligible for inclusion in the meta-analysis®

Primary reason for exclusion Study Country Additional notes
Did not conduct prospective sur- Bates, 1993 The Gambia Supplement was delivered as a fortified
veillance for respiratory morbidity drink; unsuitable control
Bhandari, 2007 India Iron and folic acid co-intervention to all

Bobat, 2005
Castillo-Duran, 1987

Heinig, 2006
Makonnen, 2003
Ruz, 1997

Sur, 2003

Yang, 2002

Conducted prospective respiratory Berger, 2006

morbidity surveillance, but did not
specify an adequate ALRI outcome

Kikafunda, 1998
Lind, 2004

Lira, 1998
Muller, 2001
Ninh, 1996
Rosado, 1997

Ruel, 1997

Sazawal, 2001

Sazawal, 2007
Umeta, 2000

South Africa
Chile

children
Clinic-based, HIV-infected population

Marasmic infants; short-course supplemen-
tation; unsuitable control

USA Not conducted in a developing country

Lesotho Respiratory outcomes not reported

Chile ALRI outcome not defined

India Respiratory data not collected

China ALRI outcomes not reported

Vietnam Respiratory infection defined as ‘cough and/
or difficulty breathing and/or elevated
respiratory rate’

Uganda School-based study

Indonesia Considered ‘cough and fever’ as ALRI
outcome

Brazil Short-course; only cough reported

Burkina Faso

Only cough reported

Vietnam Respiratory outcome was cough and fever

Mexico Respiratory outcome included ‘any symptom
such as runny nose, common cold, sore
throat or cough’

Guatemala Respiratory outcome was ‘the presence of at
least two of the following symptoms: runny
nose, cough, wheezing, difficulty breathing
or fever’

India Respiratory morbidity was not reported;
small-for-gestational age infants

Tanzania ALRI incidence data not collected

Ethiopia Cough was only reported respiratory

outcome

(continued)
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Table 2 Continued

Primary reason for exclusion Study Country Additional notes
Conducted ALRI surveillance, but ~ Baqui, 2002 Bangladesh Cluster-randomized trial of 2-week supple-
the duration of zinc supplementa- mentation for diarrhoea episodes
tion was <3 months
Bhandari, 2008 India Cluster-randomized trial of 2-week supple-
mentation for diarrhoea episodes; follow-up
by repeated cross-sectional surveys
Meeks-Gardner, 1998 Jamaica 12 weeks supplementation and follow-up
Rahman, 2001 Bangladesh 2 weeks of supplementation for diarrhoea
episodes, with 6-month follow-up
Roy, 1999 Bangladesh 2 weeks of supplementation for diarrhoea
episodes, with 2-month follow-up
Roy, 2007 Bangladesh 2 weeks of supplementation for diarrhoea
episodes, and 3-month follow-up; multivita-
min co-intervention
Sempertegui, 1996 Ecuador 60 days supplementation, and 120 days of
surveillance at a day-care facility
Walker, 2007 Pakistan, 2 weeks supplementation and 2-month

Other Brown, 2007
Garenne, 2007

Masoodpoor, 2008

Meeks-Gardner, 2005 Jamaica

India, Ethiopia
Peru
Burkina Faso

Iran

follow-up

Iron included in both groups
Same study as Muller 2001
Participants >5 years of age

Iron included in both groups

4See Supplementary Appendix S1 for reference citations.

Characteristics of included studies

All 10 studies eligible for inclusion were randomized
double-masked controlled trials of zinc vs a placebo
or non-iron-containing nutrient co-intervention, and
published within one decade. However, there were
substantial differences in the participant characteris-
tics and zinc dosing regimens across the studies
(Table 3). Four of the studies reported analyses
using two distinct ALRI case definitions, yielding
data for 14 zinc—control comparisons (Table 4). A
total of 49450 children were randomized to either
zinc or the control arm, contributing 5890 child-years
of follow-up; 86.6% of participants were in a
cluster-randomized trial in Nepal. Baseline incidence
rates inferred from the control groups ranged from
0.05 to 2.56 episodes per child-year, point estimates
of the IRR for the effect of zinc ranged from 0.51 to
1.45 and adjusted SEs ranged from 0.046 to 0.48
(Table 4). All but four of the studies applied GEE to
account for within-child clustering of ALRI episodes.
Comparing the variance of the GEE-adjusted results
with unadjusted IRRs using the empiric VIF revealed
that precision of the effect estimates diminished after
adjustment in analyses using case definitions #1 and
#2, but the effect of adjustment was negligible in
analyses using case definitions that incorporated clin-
ical observations more specific than the respiratory

rate alone (Table 4). There was an inverse association
between ALRI case definition score and VIF in a
non-parametric test for trend (P =0.048).

Meta-analysis

When analyses for the most specific ALRI outcomes
from each of the 10 trials were pooled, there was a
moderate effect of zinc on the incidence of ALRI with
a 95% CI that included a null effect (IRR 0.86, 95%
CI 0.74-1.01), and there was substantial heterogeneity
across studies (I°’=39.4%). Pooling effects based on
the least specific outcomes from each of the trials
attenuated the zinc effect (IRR 0.94, 95% CI
0.88-1.01) and greatly reduced the between-study
heterogeneity (I°=0%). Stratification by case defini-
tion suggested a differential effect of zinc based on
the relative specificity of the ALRI case definition,
such that a robust effect was most evident when
ALRI was diagnosed by clinical criteria more specific
than an elevated respiratory rate (Figure 2). Pooling
results from analyses involving only the most specific
ALRI case definition from the three trials that
reported case definitions #3 or #4 yielded an IRR
of 0.65 (95% CI 0.52-0.82; I?’=0.0%). All three of
these trials were conducted in South Asia, using at
least 70mg zinc per week. Within each of these
three trials, use of the more specific case definition

2702 ‘2 Re N uo uopuoaba|joD eueduw| e /Hiosfeudnolpioxoall//:dny woly pspeojumoqd


http://ije.oxfordjournals.org/

801

ZINC AND ALRI META-ANALYSIS

Downloaded from http:/ije.oxfordjournals.org/ a Imperia College London on May 2, 2012

‘par1odar Jou sem durPseq Je age uedw IPIYM 10§ ‘d[dures-qns ApIqIouw,  WOIj UMBIP dI9M SISATeUR SIU] 0] JUBAJ[I Blep ANPIqQION,,

‘SIsA[eue STl UI PopnOUI Sk JUIWIOIUD e 3¢ Jo s1eahk ¢> sjuedpnued jo 19sqns oy A[uQ,

"sdnoId fonuod pue dUIZz Y1oq ur UdIP[IYd drwoue 01 papraoxd drom symounddns wory,

"SISA[eUR SIU] UI PpIpPNPUL dI9M (SIdUIOW JO SNILIS ATH JO dATDIASILIT) UDIP[IYD 2ATIESIU-ATH A[UO ‘S[eLn papnpul 1ylo 3yl 01 suostredwod terrdordde arouwr arenqmoey ox,
‘Y urueia 10 ogade[d Sem pIAIOdal UONUIAIIUI-0D Y] IY1ayM Jo ssafpredar ‘dnoid [onuod oy ur

SeA DUIZ JATIDAI 10U PIP OYM P[IYD AUe pue ‘WLIe DUIZ Y] Ul 9q 0] PIIIPISUOD SeA DUIZ PIATIIIL OUYM PIIYD AUE ‘9OUIPIUI TV 109JJe 01 pa1dadxa jou SI y UIeliA pue ‘sisAjeue
Arewrtid o) UT ¥ UTWEIIA PUE DUIZ U9IMIIQ UOTIDRIAIUT OU SEM 1Y) ISNEIIY PAIISIUTWIPE dI9M [10q IO ¥ UTWEIIA 10 DUIZ IPIYM UT ‘USISIP [PLIOIDR] T X T B SeM [Pl SIYI,
*(98e Jo syypuowr 1> "9°T) SIUBJUI O} PIIISIUTUPE SeM (FUI(L) SOP IdMO] <L

*Aouanbary Jo 2ANDAASILIT “N2am 12d PAIDISIUIWIPE ISOP ANB[NUWND ) 01 SIPAL S0P AYIIM 5

"ApPam 2duo 1M Afrep :q ruonensmurwpe Juswd[ddns jo A>uonbaig,

*dnoId [onuod Yl Ul ‘QuIPseq 1 UONRIUDUO0D T/[owr ued,

‘po110dar 919M BIEP YDNS JIOYM SII0DS Z UONEIAID pIBpUP]S pUE UBdW Paliodol WO} PIALIdP 219 SINSI) “patunis/IydromIopun udIpyd jo suoniodoxd

110do1 J0U PIP JBY] SAIPNIS I10] ‘A[A1IDdSII ‘SIOUAISJAI IMOIF dFe-10J-1y31oy pue d8e-10j-1ydom (SHON) SO1ISeIS [i[edH I0J 211Ud) [BUONEN 9} UO SUBIPIW JIJIds-Xas
pue -d8e o1 Mo[q SOS ¢—> $2100s 2 M dnord foruod o1 ur syuedonred jo suonrodord oy patddfgar (1S) parunis, ogeiuddrad pue (M) JysSmIdpun, sgeiuddiad oyl
“JUAWIOIUD JO W) Yl Je ‘dnoid [o1nuod ) Ul UIP[IYD Jo 88 UBIW,

'sdnoId [oxuod pue dUIZ dY) 01 PIZIWOPURI UIP[ID JO IJUINN,

"BOOULIBIP I0J PIILaI) WAIP[YD jo d[dures paiddpas ‘q ‘ordures paseq-Aunuatod dA1LIUISIAII ‘gD 1PIIMIDAI dI9M TAIPIYD Yorgm woxy uontendod ad1mos oy,

VY urwelirtp 21ejns 0L Cl a - - - w LI8TYy 9D [edoN L00T ‘YOS[LL
d ‘cd ‘9d ‘zd
‘Id 'V Surwelrp  d1euodnn 0L 9 a 86 €9 - 981 609 a eIpul 8661 ‘[eMmeZES
QUON Jlej[ns ovl L a L0T 6S 0 £°6¢ 748 1510) nd  900¢ ‘preydry
WUON  dreuodnyn 0L 9 a L0T1 0¢ P1 <8l P91 a nd $00¢ ‘Auudg
SUON RILARRYY g3 S a LT <l 8¢ 60 10¢€ gD ysope[sueg g0 ‘drepussQ
V urejiA - dleuodnH 0L 81 a - 6'¢ [ ¢S LTTC g0 eduyy ymos  £00¢ ‘eAsqent
Juou 10
V urwelrA  ouruorglow ovl Cl a - 96 ¢'6 ¢01 98L 1510) OJIXoW 900¢ ‘Buoq
QUON 218190V 0L Cl M L6 - - [ 1291 1310) ysope[dueg $00T ‘syoorg
V urweirp - 9jeuodntd 0%l ‘0L 14 a S'6 - - ST 4544 a0 eIpul  z00¢ ‘Lrepueyq
UIABTIOqLY 91e10VY 0c¢ 9 M 00T 61 ¢l €9 81¢ a0 ysopegueg €007 ‘mbeg
SUOIIUIAIIIUI-0D 1es (8ur) gasop (syjuouwr) %.qu (/o) »LS pMO (syyuour) N o5eq Anpuno) Apmis
/[01IU0D JUILIINN ourz APooM uoneinq JQUIZ WNIdS 33e1UddIdd 93e1UddIdd 958 UedW Apmis

UOTIUIAIIIUI dUIZ

SISATeue-elow
dU) Ul UOISNUL I0J IQISID 1M eyl YTV POOyUpYD Jo uonuasdxd oyl 10j uoneiwdw[ddns durz jo S[err} pa[[oIiuod pazZIuopuel dyl JO SOUSLDDRIRYD € S[qeL


http://ije.oxfordjournals.org/

INTERNATIONAL JOURNAL OF EPIDEMIOLOGY

802

Downloaded from http:/ije.oxfordjournals.org/ a Imperia College London on May 2, 2012

"SIUPAD YTV JO SULIAISTI PIIYD-UIYIIM I0] 10U NG ‘USISIP PIZIIOPURI-IISN[D 10§ Isnfpe 01 SHHED Sulsn pajemored gg parroday,

"SIUDAD YTV JO Surmaisnp

PIIUD-UIIIM JO JUIXD ) JO XIpul ue se pIajdIdiojur aq ued JIA YL "SIUSAD JO SULIISN ,PIYD-ULYIIM, I0] paisn(pe sem HS Yl ydIya ur sarpnis 10j ‘(3 1duosiadns 10100y
ur paure[dxa se pajend[ed gS 241 Jo arenbs) sdouerres apnid paisnlpeun a3 01 (y 1dudsiadns a10u100§ ur paure[dxd se paALIdP HS ) Jo arenbs) oouerrea parrodar, ay) jo oney,
‘SISA[eUR-RIOW IY1 UI UOISNPUI d[qeud 01 pauntofad sisAfeue-a1 10 sisAjeue paysiqnd [eursuo oy

ur SID %S6 pue YY1 21 JO UONPWNSI Y] UL STUIAD YTV JO SULIISND ,PIYD-UIYIIAM, 10 JUNODIE 0] UIELIDPUN SeAA JUIWIISN(pPe [eDISTIRIS JO PULY AUE 10U 10 IdIIYM SIIBIIpU],
“SISA[eUE-RIDW I Ul UOISNUI

d[qeud 01 pauriofrdd erep mer oyl jo SISA[ete-oI Y1 UL paIe[nd[ed 10 ‘OpPnIe paysiqnd Y1 ur patrodar S[EAIDIUT DUIPHUOD WOI) PIALIDP “dprire paysiqnd oy ur pajrodar gs,
"SISA[eUR-LIOW () UI UOISNOUT J[qeud 0] pauriojrad eiep mer 9yl Jo SIsA[eue-aI o) Ul paje[ndred 1o apnre paysiqnd a1 ur parrodar Yyig

‘dnord jonuod ay) ur sJudAd Jo Pqunu Ayl g pue ‘dnoid

dUIZ oY) UT SIUIAD JO Toquinu Iy} ST i o1y ‘. [(g/1) + (v/1)] re[nuiioy prepuels SUIMO[[0f oY1 WO paseq ‘(YUTU[) YA opnid oY) Jo WiILeso] [eINIeU ) Jo HS paisnlpeun,
“dnoid [onuod oyl ur ¥1 9yl 01 dnoid durz o) ur YI o) Jo oner o) se Adwrs pajemored I paisnlpeun,

"SIBIA-PIIYD [LI0)/SIUIAD TTV JUSPDUL JO IqUINU st pare[nd[ed ‘dnors UonuaAIRIUL a1 UM (Y1) a1er aduapoul paisnfpeun,

‘sTerry oyl Suowre ApYSIS paIdyJIp S Je dwn pue ,oposido

ATV MaU, B Jo suontuyd( dposidd TY TV 1Uaphur ue Jo S Je, a1om dnoid uonusamiur uaArd oyl ur syuedonred yorgm urmp swm-uosiad Jo wms (2101 91 S1U9s91day,
"BULISND PI-UTYIM JO 9ANDIASILIT ‘dNOIZ TONUIAINUL Y} UT sOPosidod [YTV 1UOPDUT JO IdqUINU [BI0L,

"WA1SAS WOTILDIJISSE UONTUTIP JSed [TV Jo uoneue[dxd I0J [ d[qel pue 1Xd] 9§,

i ON 9%0°0 10'1 €00 €T ov'I ['ISET L88T  €F'1 S6¢€1 6661 I £00T “YIS[oLL

0’1 SIX 9¢T°0 S0 ¥<T0 ¢¢'0 S€0 474! 144 61°0 €¢Cl 144 € qse661 ‘Temezeg

(St S9A 710 680 8IT°0 160 (44| A4t 139 It ¢eCl LET 4 Bg661 ‘[emezes

181 SIX 01€°0 860 0€T0 860  8I'I L€T 8T 1424 8T 8¢ I 900C ‘preyory

09°¢C SIX €CT0 18°0 8¢1'0 98'0  LEC 193 78 70T 6'7¢ 1L 4 $00T ‘Autdd

- ON 891°0 660 Po1°0 00°T €e'l 1499 VL €e'l €96 GL 1 200z ‘drepuaso

'l S9A 0L¥°0 ce'l €Tro 9¢'1 910 SYIl 81 10 48t ¢4 4 qL00T ‘eAaqent

66’1 S9A 14940 vl 12¢0 Pt <0 VI 93 Svo LTI 0s 1 ©L00T ‘eAaqenT

191 S9A 08%°0 <80 6L¢0 98°0 <00 60¢ <l 700 6'CI¢ ¢l 1 9007 ‘SU0T

- ON SLTO IS0 78T°0 10 800 I1¢ 4% 70°0 LTV 81 14 qs00T ‘syoorg

- ON L£90°0 €80 760°0 €80 9¢0 I1¢ 98¢ L7°0 LTV 661 € ©G00T ‘syooIg

90T SIX P10 L0 Ivro 9.0 TEO 7'89¢ 81T ¥T0 9'19¢ 88 € qz00T ‘1repueyq

47 SIOX 0L0°0 860 8¢0°0 00T 191 7'89¢ 65 191 919¢ 189 4 ©Z00C ‘lrepueyg

- ON SO01°0 S6°0 7010 76°0 9¢'¢C YL 061 1v'c 8'¢L 8LI 1 €00z ‘mbeg

(1010e) Supdsnp  gS pasnipe yyI paisnfpe  FS UYL I ,SIBIA GSIURAd T ,SIeIA GSIU2Ad  JIP Apmis
uopepul  pryYd-urim  /parioday /porioday dpnIpy Ipni -pIIyd eloL 'ON -pIIYd 1eI0L, 'ON Jsed
Jduee) 10J pajsnipy TV
dnois§ [onuo)n dnouig burz

uonturap ased jo 2dA1 Aq paygnens ‘sisAfeue-ejowr a1 Ul papnpul uoneludwd[ddns dulz jo S[el} pa[[olIu0d pIZIWOPURI WO} eIep Jo Arewiwing  § d[qeL


http://ije.oxfordjournals.org/

ZINC AND ALRI META-ANALYSIS 803

IRR (95% CI)

Case Definition #1

Baqui 2003 _— 0.95 (0.72, 1.25)
Long 2006 ¢ > 0.85 (0.33,2.17)
Luabeya 2007a % > 1.45 (0.79, 2.67)
Osendarp 2002 & 0.99 (0.64, 1.55)
Richard 2006 o 0.98 (0.54, 1.79)
Tielsch 2007 —_— 1.01 (0.90, 1.14)
Subtotal (/2 =0.0%, P=0.890) <> 1.01 (0.91,1.12)
Case Definition #2

Bhandari 2002a —_— 0.98 (0.86, 1.13)
Luabeya 2007b 3 > 1.35 (0.68, 2.67)
Penny 2004 ¢ 0.81 (0.47, 1.39)
Sazawal 1998a —_— 0.89 (0.68, 1.18)
Subtotal (/2 =0.0%, P= 0.636) <> 0.96 (0.86, 1.08)
Case Definition #3

Bhandari 2002b —_— 0.74 (0.56, 0.99)
Brooks 2005a —_— 0.83 (0.73, 0.95)
Sazawal 1998b 3 0.55 (0.33, 0.90)
Subtotal (/2 =26.6%, P=0.256) - 0.77 (0.65, 0.91)
Case Definition #4

Brooks 2005b % 0.51 (0.30, 0.88)
Subtotal 0.51 (0.30, 0.87)

I I I I I
.25 .5 .75 1 15 2

Favours Zinc

Favours Control

Figure 2 Pooled IRRs and 95% CIs for the effect of routine zinc supplementation on the incidence of ALRI, stratified by
ALRI case definition (1-4). Horizontal lines represent confidence bounds, and the size of the box surrounding each point
estimate reflects the relative weight compared with other studies in the stratum. I reflects the degree of between-study

heterogeneity.

(i.e. higher score) also consistently conferred an IRR
further from the null (Table 4; Figure 2).

Meta-regression

The effect of zinc on ALRI incidence (log IRR) was
associated with ALRI case definition, but there
were no discernible associations with mean age of
participants,  geographic  location,  participants’
baseline nutritional status (prevalence of stunting or
mean serum zinc) or zinc dose (Table 5). The
meta-regression coefficients were attenuated towards
zero when effect estimates using less-specific ALRI
case definitions were pooled, compared with the co-
efficients generated by pooling effect estimates based
on the most specific ALRI case definition from
each trial (Table 5). For example, the apparently
large (albeit imprecisely estimated) magnitude of the
association between mean height-for-age z-score at
baseline and log IRR using the most specific ALRI
case definitions was greatly attenuated when the
lower-specificity case definitions were used (Table 5).

Sensitivity analyses and publication bias
None of the ancillary sensitivity analyses altered the
inferences. The Begg and Egger tests did not suggest
the presence of publication bias (data not shown);
however, the funnel plots were asymmetric, with
relatively low representation by small studies with
negative effects.

Discussion

Previous meta-analyses concluded that routine zinc
supplementation reduced the risk of incident ALRI
in young children in developing countries.*'®
Beyond confirming the protective effect of zinc
(at least 70mg cumulative dose per week for
>3 months), this review has updated and refined
this observation in several respects. First, a prior
meta-analysis did not address the pervasive
non-uniformity of ALRI case-finding methods and
case definitions in zinc supplementation studies,
to the extent that a non-respiratory outcome was
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Table 5 Estimated average differences in the effect of zinc supplementation on the risk of ALRI associated with selected
study characteristics, based on univariate random-effects meta-regression involving effect estimates from analyses involving
the most- or least-specific ALRI case definition reported for each trial

Highest-specificity ALRI case
definition from each trial

Lowest-specificity ALRI case
definition from each trial

Difference in log IRR

Difference in log IRR

Study characteristic n? (95% CI) P (95% CI) P
Case definition 10
#2 (vs #1) —0.114 (—0.522 to 0.295) 0.585 —0.054 (—0.211 to 0.103) 0.502
#3 (vs #1) —0.370 (—0.639 to —-0.102) 0.007 —0.188 (—0.356 to —0.021) 0.028
#4 (vs #1) —0.670 (—1.218 to —0.122) 0.017
Mean age at enrolment in control 9

group
>1 year (vs <1 year)

Per month increase in age (continuous)

Africa or Latin America 10
(vs South Asia)
Nutritional status at baseline in 7

control group
Prevalence of stunting >20% (vs <20%)
Per 1-U increase in height-for-age z-score

Per 1 umol/l increase in serum zinc
concentration

Cumulative weekly zinc dose 10 —0.001 (—0.006 to 0.003) 0.535

(per 1mg increase)

—0.179 (—0.467 to 0.108) 0.222
—0.004 (—0.021 to 0.014) 0.686
0.105 (—0.302 to 0.512) 0.614 —0.017 (—0.345 to 0.312 0.920

0.092 (—0.070 to 0.254)  0.264
0.005 (—0.007 to 0.017)  0.405

—0.269 (—0.633 to 0.094) 0.146 —0.106 (—0.415 to 0.203) 0.500
—0.812 (—1.937 to 0.314) 0.157 —0.232 (—1.129 to 0.666) 0.613
0.168 (—0.071 to 0.407) 0.167

0.004 (—0.186 to 0.194) 0.969

0.000 (—0.003 to 0.004) 0.806

“n refers to the number of studies included in the meta-regression.

included in the pooled analysis of ‘respiratory ill-
ness’.* In the present review, decisions regarding
study inclusion/exclusion and stratified analyses of
eligible studies were based on explicit and reproduc-
ible ALRI criteria, and between-trial heterogeneity
was explored by meta-regression and a priori subgroup
analysis rather than simply controlled in
meta-analytic models. Secondly, the present analysis
provided evidence of an association between the rel-
ative specificity of the ALRI case definition and the
observed strength of the zinc effect, such that efficacy
was most evident in analyses that incorporated a
diagnosis of ALRI based on clinical criteria other
than elevated respiratory rate. Thirdly, we prelimina-
rily related the relative specificity of the ALRI case
definitions to the magnitude of ‘variance inflation’
caused by adjustment for within-child clustering of
repeated ALRI episodes. Lastly, there was a lack of
evidence that geographic location, prevalence of
stunting, average zinc status, average age at enrol-
ment or zinc dosage accounted for between-study
differences.

The finding that ALRI case definition was associated
with effect size was important but unsurprising,
since it is known that poor specificity due to a
non-differential error in outcome ascertainment
(i.e. high number of false positive diagnoses in
all exposure categories) classically biases relative
risks, RRs and odds ratios towards the null.?®

This phenomenon has been well documented in the
vaccine literature;?*>° for example, in a pneumococcal
conjugate vaccine trial in The Gambia, efficacy was
markedly higher for a radiological pneumonia end-
point than the much less specific diagnosis of ‘clinical
pneumonia’ (i.e. WHO definition of ALRI).>! Bhandari
et al. hypothesized that an observed within-study dif-
ference in zinc effects on two ALRI outcomes was due
to lower specificity of one of the case definitions.'*
The present review suggests that this phenomenon
also likely explains between-study differences in mea-
sured effects of zinc on ALRI incidence, and chal-
lenges the notion that negative findings in recent
trials undermine earlier findings of efficacy.

Clinical criteria with high sensitivity and specificity
for radiologically- and/or bacteriologically-confirmed
paediatric pneumonia have eluded researchers
for decades.’? The diagnosis of ALRI is notoriously
unreliable when based on a caregiver history of respi-
ratory symptoms>>* (case definition #1) or health
worker-documented WHO criteria for non-severe
pneumonia (case definition #2).> We found that
the benefit of zinc was only apparent if ALRI was
ascertained through clinical observation of at least
one sign of lower respiratory tract disease other
than tachypnoea, and/or a sign suggestive of invasive
infection (case definitions #3 and #4). The criteria
for definitions #3/4 were not exclusively diagnostic
of bacterial pneumonia, as they likely captured
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moderate—severe viral ALRI (e.g. bronchiolitis), sepsis
or other systemic infections associated with respira-
tory manifestations (e.g. tachypnoea due to metabolic
acidosis); however, they did reflect the presence of an
acute process for which susceptibility was responsive
to zinc supplementation. Moreover, they corresponded
to the category of respiratory diseases most liable to
cause mortality and thus of greatest public health
interest (i.e. bacterial pneumonia or severe bronchio-
litis).>'** By logical extension, we proposed that the
best overall estimate of the effect of zinc (at a dose of
at least 70 mg per week for >3 months) was a reduc-
tion in ALRI incidence of ~35% (95% CI 18-48),
based uniquely on analyses of trials that employed
case definitions #3 and #4.'*'°

The mechanisms by which zinc alters human sus-
ceptibility to ALRI likely include the regulation of
pro-inflammatory cytokine secretion,’® lymphocyte
proliferation,”” T lymphocyte function’® and protec-
tion of the integrity of respiratory epithelial cells in
the setting of acute inflammatory lung injury.””
Effects on neutralizing antibody production are less
likely to be involved.*>*' A potential biological expla-
nation for the attenuating effect of low outcome spe-
cificity is that improvements in zinc status do not
greatly influence the susceptibility to non-respiratory
illnesses or viral upper respiratory tract infections,'’
which may be misclassified as ALRI. However,
because zinc may have prophylactic effects against
viral respiratory tract infections,** we suspect that
case definitions #1/#2 were primarily contaminated
by non-infectious respiratory conditions (e.g. asthma,
respiratory complications of sickle cell disease,
chronic/recurrent cough due to air pollutants)*
or sub-acute/chronic or opportunistic infections
(e.g. tuberculosis, HIV-related diseases). Howie et al.
aptly noted that current ALRI case definitions do not
adequately distinguish between bacterial pneumonia
and viral bronchiolitis, even though immune func-
tions that protect against these diseases would be
expected to respond differently to nutrient interven-
tions.** Coles ef al. have similarly postulated that the
pleiotropic effects of zinc on immune and inflamma-
tory responses may result in pathogen-dependent
effects.*” Neutral or aggravating effects of zinc supple-
mentation on the susceptibility to infections misclas-
sified as ALRI would predictably attenuate the overall
effect measure.

In addition to effect attenuation, low case definition
specificity was also associated with an increase in
the within-child clustering of ALRI episodes; cluster-
ing reduced the precision of effect estimation by
variance inflation upon adjustment for outcome
non-independence (i.e. using GEE). A non-specific
symptom complex or mild diagnostic entity may be
likely to recur within a child, particularly if based
on subjective perceptions of caregivers; for example,
some mothers may be more inclined than others to
routinely report that their child has cough or fast

ZINC AND ALRI META-ANALYSIS 805

breathing. Recurrence of respiratory events in a
child diagnosed with ‘pneumonia’ in a resource-poor
setting points to an underlying chronic respiratory
condition (asthma, in particular) rather than ALRI,*®
highlighting the existence of a subset of children who
would benefit from alternative preventive measures
(e.g. environmental controls, allergen avoidance,
inhaled corticosteroids). We believe that this sub-
group would be less likely to overwhelm diagnostic
categories based on more specific or severe physical
signs (e.g. definitions #3 and #4).

Geographic location, mean participant age, zinc dose
and baseline population zinc status (indicated by the
height-for-age z-score or serum zinc concentration)®*’
would be expected to influence the nutritional impact
of zinc supplementation, but we did not find evidence
that these study-level factors were associated with
the magnitude of the effect of zinc on ALRI incidence.
We did not interpret this as evidence of a lack of
effect modification of zinc efficacy at the individual
level, but rather that they did not readily explain
between-study heterogeneity. Compared with the
magnitudes of association of each of these factors
with the zinc effect when the analysis incorporated
the most specific ALRI case definition from each of
the trials, the associations were attenuated when the
analysis incorporated the least specific case defini-
tions. We speculate that because the latter analyses
involved greater homogeneity in ALRI case definition
scores, they partially adjusted for case definition and
thus reduced confounding of the associations between
zinc effect size and study-level covariates. However,
the small number of trials limited the robustness
of our inferences, in part because it precluded the
use of multivariate models or pure stratification by
ALRI case definition score. Although zinc dose and
study location were not associated with the effect
size, it is important to note that beneficial effects of
zinc were only clearly demonstrated in studies con-
ducted in South Asia, in which children were admin-
istered at least 70mg zinc per week (either 10 mg
daily or 70 mg weekly). Therefore, the present analysis
does not resolve the question of whether zinc supple-
mentation would be less effective at lower doses, or
would have less of an impact on ALRI incidence in
developing regions outside South Asia.®

There were several limitations in this review. First,
all meta-analyses are subject to potential biases due to
non-publication of negative trials (which was appar-
ent in this study, as was previously observed)?, as
well as biases in the selection of included trials.
However, we aimed to reduce these biases by using
detailed inclusion criteria, relying on independent
reviews by two authors and performing analyses of
raw data from two trials that would not otherwise
have been included because the original publications
did not report incidence rates. Although we chose not
to use a standard score for trial quality assessment
based on generic criteria, we used strict study
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inclusion criteria (i.e. randomized and concealed
intervention allocation) and focused our quality
appraisal on methodological elements specific to
ALRI primary prevention trials (e.g. case definition).
Secondly, we relied on post hoc classification of the
ALRI case definitions, because the disparate
approaches of the studies and rarity of the use of
standard WHO categories precluded the use of any
pre-existing ALRI classification scheme; nonetheless,
the definitions we used corresponded closely to con-
ventional entities (caregiver-reported respiratory ill-
ness, WHO non-severe pneumonia and ALRI with
features predictive of mortality), and adequately dis-
criminated the studies with respect to effect size in
meta-regression. Thirdly, we chose not to use meth-
ods to incorporate multiple outcomes from trials
within the same meta-analytic or meta-regression
model, but rather used only the most- or least-specific
outcome from each trial. This approach had the
advantage of acting as a sensitivity analysis and
served to partially adjust for the potential confound-
ing effect of ALRI case definition on associations
between study characteristics and effect size; how-
ever, it had the disadvantage of further diminishing
the statistical power of the meta-regression by redu-
cing the number of units of analysis within each stra-
tum. Lastly, the meta-regression and subgroup
meta-analyses had low power to precisely estimate
associations, and inferences were subject to the
same potential for confounding bias as in any obser-
vational epidemiological study. Although confounding
could explain the positive findings by
meta-regression, ALRI case definition was a strong
modifier of the effect of zinc on ALRI incidence
within three of the studies,'*'® observations that
could not be due to confounding because all other
characteristics of the study populations and methods
were identical. The consistency of the observation
both within and between studies, as well as the bio-
logical plausibility of the assertion, support the infer-
ence that ALRI case definition specificity was an
important cause of between-trial variation in esti-
mates of the IRR.

The above inferences have implications for the
design of future ALRI prevention trials, not limited
to those assessing nutritional interventions. Most
importantly, investigators should recognize that the
choice of case definition may alter the ability to
detect important intervention effects and will affect
power/sample size calculations. Moderate-severe
ALRI established by a relatively specific case defini-
tion (#3/#4) occurs at a rate of only approximately
0.3 events per child-year'’ (in contrast to event rates
as high as 2.6 events/child-year in studies using
non-specific case definitions), requiring >800
child-years in each group to detect a risk reduction
of >30%, this implies the need for statistical power
that few previous trials have achieved. However,

because variance inflation after adjustment for
within-child clustering is attenuated by use of more
specific case definitions, some precision may actually
be gained by increasing specificity, even though over-
all power is reduced by a lowered baseline event rate.
Future large-scale trials should aim to standardize
and validate case-finding methods and case defini-
tions in pilot or sub-studies, as demonstrated in the
recent indoor air pollutant reduction trial in
Guatemala.*® A gold-standard definition of ‘pneumo-
nia’ based on radiological, bacteriologic or molecular
tools remains unavailable for use in most field trials,
thus consideration should be given to the validation
of feasible clinical ALRI definitions based on opera-
tional performance (i.e. specificity that is adequate to
demonstrate interventional effects as demonstrated
here) and association with mortality. Further work
is also required to explore the effect of within-child
event recurrence on the estimation of nutrient effects
on ALRI incidence, to assess the potential role of the
empiric VIF as an index of ALRI case definition spe-
cificity and to delineate the bias-variance trade-offs
related to wvariations in ALRI case definition
specificity.

In summary, a protective effect of routine zinc
supplementation of >3 months duration on the inci-
dence of ALRI in children in developing countries was
confirmed. Negative findings in some recent trials
may be due to non-specific case definitions, coupled
with low power to detect effects based on specific
ALRI outcomes. Future trials should explicitly con-
sider the specificity of the ALRI case definition and
its implications for precision of the effect measure
and power to detect effects on clinically meaningful
outcomes.

Supplementary Data

Supplementary data are available at IJE online.
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KEY MESSAGES

e Provision of routine oral zinc supplements to young children in developing countries has been shown
to reduce the incidence of ALRI in prior meta-analyses of randomized controlled trials; however,
some recent studies have not observed beneficial effects, engendering doubt about earlier findings.

e In an updated and expanded meta-analysis, variations in clinical ALRI case definitions explained
between-study differences in the magnitude of the effect of zinc on ALRI incidence. Recent studies
have used case definitions that may not have been specific enough to enable detection of a preventive

zinc effect.

e Meta-analysis of studies in which relatively specific ALRI case definitions were applied demonstrated
that routine zinc supplementation (at least 70 mg cumulative dose per week, for >3 months) reduced
the risk of childhood ALRI by about one-third.

e Investigators’ decisions about ALRI case definitions may substantially influence inferences from com-
munity trials regarding the efficacy of preventive interventions.
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